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GENERAL PHYSICS. 

1. The Uses of Logarithmic Paper. P. Schreiber. (Zcits. Vcreincs 

deutsch. Ing. 07. pp. 930-932, Sept. 22. 1923.)—The author describes a 
graphical method of evaluating a function, such as a a b*Od l c' . . ., by 
using logarithmic paper. Instances of the application of the method 
are given. W. H. S. 

2. Glass-to-Metal Joint. M. L. Dundon. (Am. Chcm. Soc., J. 45. 

pp. 716-717, March, 1923.)—Describes the making of a joint between 
ordinary soft glass and copper tubing. The method given by McKclvy 
and Taylor [Abstract 2 (1921)) was unsuccessful with soft glass tubing 
8 mm. in diameter owing to strains in the glass produced by heating. In 
the process described by the author the end of the glass tube is drawn to 
fit easily into the copper tube for about 1 cm. It is then platinised, 
heavily copper-plated and polished. After fitting in the copper tube, 
copper is deposited on both tubes across the joint until they arc completely 
united by a solid mass of deposited copper. A similar joint may be 
made between copper-plated steel tubing and soft glass. T. H. 

3. Disturbance of Pendular Systems by a Horizontal Acceleration. 

M. Schuler. (Phys. Zcits. 24. pp. 344-350, Aug. 15. 1923.)—It is only 
pendular systems with a period of 84 minutes—the same as that of a 
simple pendulum of length equal to the earth’s radius—that are unaf¬ 
fected by a horizontal acceleration. Following up this clue leads direct 
to the equations for the gyrostatic compass. A. D. 

4. The Stroud System of Teaching Dynamics. J. B. Henderson. 
(Engineering, 116. pp. 409-410, Sept. 28, 1923.)—Paper read before the 
British Assoc., Liverpool, 1923. 

5. Effect of Rotation upon the Sensitiveness of Absolute Pressure 
Measurements. A. Michels. (Ann. d. Physik, 72. 4. pp. 285-320, 
Aug. 21, 1923.)—The method most commonly adopted for the measure¬ 
ments of high pressure, is to balance the thrust on a piston (frequently 
a differential piston) by applying known weights. There is much friction 
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between the piston and cylinder, and to diminish the effects of this, 
tapping the piston, and rotating it, have been tried with success. The 
author applies the results of Sommerfeld’s treatment of friction in lubri¬ 
cated journal bearings. In the case considered, the axis is vertical, and 
the weight of the piston plays no part. The conclusions arrived at are 
that the central position is unstable, when the piston is being rotated, 
and that the eccentricity gradually increases as the speed diminishes, to 
a point where solid friction enters. Before solid friction enters, the 
retarding torque should be directly proportional to the angular velocity. 
By means of experiments, both of these conclusions are verified. 
According to the theory, we should have 

A = •! log , H n ^ = constant, 

where w is the total number of revolutions made, v the number com¬ 
pleted at time /. Owing to the entry of solid friction, n is not the total 
number of revolutions actually made, but it is found possible to obtain 
a value of n, by trial and error, which does make A constant (to within 
1 %) over most of the motion, after which it falls rapidly. The critical 
velocities, corresponding to the entry of solid friction, also agree among 
themselves. 

A further series of experiments is described, undertaken to show 
with certainty that solid friction does eventually occur. The insulation 
resistance of the film of oil is measured, photographic records of the 
swings of the galvanometer needle being obtained. These show the 
resistance at starting in the neighbourhood of 500 ohms, oscillating 
violently, and then settling down to 0-2 ohm. The oil film has gone. 

W. G.#B. 

6. The Reaction of the Air to a Circular Disc Vibrating about a 
Diameter. E. T. Hanson. (Phil. Mag. 46. pp. 434-441, Sept., 1923.)— 
Expressions are found for the reaction of the air to a circular disc 
vibrating about a diameter in a circular hole in an infinite plane wall. 
The edge effects are neglected, as in the similar investigation by Ray¬ 
leigh, for normal vibration. The paper is mainly mathematical. The 
effect is found to be an increase in the effective moment of inertia of 
the disc, by an amount equal to l/n of the moment of inertia of a hemi¬ 
sphere of air of the same radius as the disc, when the radius is small 
compared with the wave-length of the waves sent off. There is also 
a very small damping due to the energy propagated in these waves. 

W. G. B. 

7. Linear, Exponential, and Combined Dampings. E. H. Barton 
and H. M. Browning. (Phil. Mag. 46. pp. 399-406, Sept., 1923.)— 
Recent papers by H. S. Rowell have called attention to the fact that 
the effects of solid friction (constant) and viscous friction (varying as 
the speed) in damping vibrations are quite distinct. [Abstracts 263 and 
625 (1923)]. In the former case successive swings are in A. P., while 
in the second they are in G. P. In the present paper this is examined 
experimentally. The vibrator is a lath with (in some experiments) a 
heavy bob; and the two forms of damping are produced by rubbers of 
cork, plain or lubricated with graphite or vaseline, rubbing on the lath 
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and cards attached to the lath, respectively. Traces are obtained by 
salt flowing from a funnel and caught on a moving board, as in previous 
work. Numerous photographs of these arc given, and it is seen that 
when solid friction predominates, the damping is "linear.” but that in 
the other case the damping is more nearly exponential. \V. G. H. 

8. Movement of a Rotating Shaft Poised on Two Cushions. C. MellJ. 
(N. Cimento. 35. pp. 77-85. Jan.-Feb.. 1023.)—Dynamical treatment 
of this problem, usually dealt with as one in relative equilibrium. 

A. I). 

. 9. Helicoidal Molecular Pump. Holweck. (Comptes Kendus. 177 . 
PP- 43-46, July 2. 1923. Onde Elec. 2. pp. 497-503. Sept., 1923.'—The 
principle of the instrument is the same as that of the molecular pump 
of Gaede [see Abstract 1763 (1913)]. In the interior of the cylindrical 
pump body are cut two helical grooves of depth increasing towards the 
middle where they connect with a common aspirator tube. Inside the 
pump-body with a clearance of only 0 03 mm., a smooth drum is rotated 
on enclosed ball-bearings by means of a two-phase asynchronous motor 
of which the rotor is inside a thin metal container fixed in such a manner 
that the rotation of the drum can take place without communication with 
the external atmosphere. The smaller ends of the helical grooves connect 
with a preparatory pump. The normal speed of rotation is 4500 r.p.m. 
The constants of three types of pump under varying conditions of prepara¬ 
tory vacuum, with and without the assistance of liquid air, are enumerated. 

A. B. C. L. 

10. Flow of Gas through a Jet. B. L. Montel and E. Foh. (Accad 

Sd. Torino, Atti, 57. 14a. pp. 277-292. 1921-1922.)—A simple method 
of estimating the volume v passed, by blowing the jet upwards against 
the midpoint of a wide flat balance-pan ; then the upward thrust is 
equal to pv*/ag within * per cent., where a is the area of the nozzle. 
Discussion of corrections and amounts of error. A. D. 

11. The Mass-Movement of Water in Explosions under Water. C. 
Ramsauer. (Ann. d. Physik, 72. 4. pp. 265-284, Aug. 21. 1923.)—In an 
explosion under water two phenomena are worthy of notice, i.e. the spread- 



Wartrsurfact 


ing of a wave of compression in the water, and the volume expansion 
of the mass of gas generated by the explosive material. The author 
seeks to determine experimentally and theoretically the spreading and 
the velocity of the mass-movement of the water. As the employment 
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of any mechanical form of sounder is inadvisable, owing to slowness 
of action and want of mechanical strength, an electrical sounder or detector 
was used, a diagram of which is given. Here M is an electromagnet, S 
a steel bar, PI a metal plate, B a battery, P the explosive, and Sp a spring 
holding an armature. Normally the current flows and the armature is 
held on to the electromagnet. When an explosion takes place the current 
will be broken if the volume of gas generated by the explosion reaches 
beyond the end of the longitudinally insulated steel rod S. Details of 
the apparatus follow, together with precautions to be taken, and sources 
of error to be expected. A table of results is given, showing the amount 
of charge and the dept h, an d from the results an empirical formula is 
159-3-faf/P cms. Here M is the mass of explosive, P 


nux. 


derived r, 

the total pressure due to air and water, and r the amount of water move¬ 
ment. The differences between the observed and calculated values are 
of the order 1 to 2 per cent. By measuring the time between the inter¬ 
ruption of the current at two sounders, the velocity of the water movement 
can be calculated, the distance apart of the sounders being known. 

The remainder of the paper consists of an elementary theoretical 
discussion of the problem ; the author comparing the under-water explo¬ 
sion to the motion of a heavy piston suddenly released in a cylinder con¬ 
taining a compressed gas. If E* is the work done by the expanding 
gas when the piston has reached a position x. A, the work done by and 

f V ' 

L, the kinetic energy of the piston, then E, = J PA, = P a (V, - V 0 ) 

and L* ■= MCf/2. Also E x =* A, -f L x . Curves are drawn of these quanti¬ 
ties for the ideal case, and these are compared with the actual experimental 
results. Good general agreement is found. X. B. 

12. Experiments on the Motion of Solid Bodies in Rotating Fluids G 1 
Taylor. (Roy. Soc., Proc. 104. pp. 213-218, Sept. 1. 1923.)—Some years’ 
ago Proudman pointed out that all slow, steady motions of a rotating 
liquid must be two-dimensional. If a three-dimensional body is slowly 
moved in a rotating fluid, there are three possibilities. The motion of 
the liquid may never become steady ; the motion may be steady but 
not small near the body ; the motion may be steady and two-dimensional 
The first seems -unlikely. The second has more chance of being true, and 
in a previous paper [Abstract 261 (1923)]. where the steady motion of a 
sphere along the axis of a rotating fluid was examined mathematically 
a solution was obtained which did not decrease as the velocity of the 
sphere decreased. But it is unlikely that such a motion can be experi¬ 
mentally produced. The third possibility leads to the conclusion that 
if the liquid is contained between two parallel planes, perpendicular to 
the axis, the only possible motion is one in which there is a cylinder of 
fluid moving as if it were rigidly attached to the body. This was put 
t° the test of experiment, the motion being photographed, coloured 
liquid being used to show the stream-lines. The body was a cylinder 

V" l0 " B ' 4 ‘ n - d “P '7 th a Plate glass top. It was slowly moved 

along the bottom and it was found that, introducing a stream of colour 
1 m. m front of the imaginary cylinder which is the continuation of the 

c^der^ M SUS SXF 
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that the third of the three possibilities, unlikely as it seemed, was 
certainly the true one in this case. The photographs arc reproduced. 

W. G. B. 

13. Types of Crystal Symmetry in which no Finite Symmetrical Crystal 

Unit, having the Complete Symmetry of the Crystal, is to be Found. W. 
Barlow. (Phil. Mag. 46. pp. 638-640, Oct., 1923.)—The author raises 
the question whether there is evidence of the universal presence of units of 
any nature, space units or other, which epitomise the crystal symmetry, 
and concludes that there ii no geometrical necessity for the presence 
of such a representative symmetrical unit, the crystal symmetry being 
completely developed by the characteristic symmetrical operations of the 
type of crystal concerned as applied to an unsymmctrical unit. If 
the unit has a symmetry, which is the epitome of the crystal symmetry, 
a large proportion of the 230 types of crystal wall owe their symmetry 
entirely to the form of the unit, and not even partially to the relative 
situation of two or more units; this applies to all types in which any 
one of the-minimum group of coincidence operations is a screw move¬ 
ment ; nearly three-fourth of the types are affected. In the remaining 
types the existence of a composite finite group, formed of several units, 
is not precluded ; the units may be cither unsymmctrical. or possessed 
qf a symmetry equal to, or greater than that presented by the crystalline 
mass. In the majority of cases the crystal structure owes its symmetry 
to the symmetrical disposition, and not to the symmetrical form of the 
units. While in organic nature other symmetries arc observed than 
those belonging to the above types, eg. a five-fold symmetry, no crystal 
presents a symmetry outside these types, such as one corresponding to 
the completely symmetrical pentagonal dodecahedron, this suggests that 
an arrangement developed by the characteristic operations is necessary 
for the formation of crystals. H. N. A. 

14. X-Ray Investigation of Fatty Acids. A. Miiller. (Chcm. Soc., 
J. 123. pp. 2043-2047, Aug., 1923.)—A series of fatty acids belonging to 
one class was investigated ; and in confirmation of previous work by 
de Broglie, by Friedel, and by Piper, large spacings were found, increasing 
with the number of CH 2 -group8. Each acid was melted on a glass plate, 
and spread out into a layer 0-1 to 0-2 mm. thick; they all crystallised 
in flakes parallel to the glass surface, and gave extremely good reflections, 
with well-defined lines. The flakes, being oriented parallel to the plane 
surface of the glass, acted as a single crystal. The substance was oscillated 
10° on either side of the X-ray beam. The main set of planes, indicated 
by a series of well-defined lines in each acid, corresponded to a spacing d x 
which varied regularly as follows, as the number of carbon atoms increased ; 
the first figure in each pair is the number of C atoms, the second the value 
of d : 10, 23-2 ; 12.27 0; 14.32-2; 16, 34-7 (palmitic acid) ; 18,38-7 
(stearic acid) ; 22, 47-8. Of the other two spacings, indicated by two 
rather broad lines, the first, d 2 , varied between 4-05 and 4-11, and the 
second, d 8 , between 3-62 and 3-68 ; so that they are nearly the same for 
all six acids. If the angles between the planes which constitute the 
cell are assumed to be right angles, the number of molecules per cell is 
found to be very nearly 1 • 0; but the length of the chain, obtained by 
piling all the carbons and oxygens one on top of the other in a straight 
line, is something like 30 A., as against 38-7 A. observed ; so that a more 
detailed investigation is required. An experiment with an acid of the 
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unsaturated type showed a much larger value of d x for the same number 
of C atoms, d. z and d 3 were the same as before. Adam has measured the 
length of these long chains in fatty acids, by determining the area and 
density of unimolecular films; his results are of the same order as those 
given above, though somewhat smaller ; the length of the chain increasing 
with the increase of CH 2 -groups. Becker and Jahnke found a similar 
increase for lithium salts of acids with odd numbers of carbon atoms ; 
the values they obtained for d, are in almost complete disagreement with 
those obtained by the author, except for lauric acid ; the method they 
used is not considered very suitable. H. N. A. 

15. The Crystalline Structure of A nhydrous Racemic A cid. W .T. Astbury. 
(Roy. Soc., Proc. 104. pp. 219-235, Sept. 1, 1923.)—After a large number 
of crystallisations a few small untwinned crystals were obtained ; the 
reflection from (010) is enormous; <f 010 = 4-50 A.U., = 4-17 A.U. ; 

he crystals belong to the triclinic pinakoidal (anorthic) class of sym¬ 
metry, i.e. they possess centro-symmctry only, and we might expect at 
least one right-handed and one left-handed molecule per cell; calculation 
from the above spacings, however, combined with Groth's values for 
the angles a, f$, and y, show that there is only one molecule in this cell. 
The results of the complete X-ray examination of the crystal show that 
the reflections arc all in agreement with one molecule per cell with the 
exception of planes (110), (310), (130), (HO), (130), and (Tl2) ; in these 
the observed spacing is double the calculated. Such anomalies are very 
simply explained if the molecules at the ends of each of the c edges of 
the cell are similar ; the c edges adjacent to one having right-handed 
molecules at its ends will have left-handed molecules. All the R mole¬ 
cules are exactly alike, and so are all the L molecules, but the R’s and 
L’s are centro-symmetrical with respect to each other. Careful examina¬ 
tion of the evidence does not afford any reason for believing racemic 
acid to be an inactive, double molecule of weight 300. It appears that 
the *' habit ” of the crystal has deceived the crystallographer, and led him 
to choose a cell which is not fundamental, in the sense of being the mini¬ 
mum parallelopiped that will repeat through space. The crystallographic 
cell contains two half molecules, but the fundamental cell is built of one 
right-handed and one left-handed molecule. The author concludes that 
the molecule is of about the same shape and dimensions as that of tar¬ 
taric acid, but a little shorter. An explanation is*given of the multiple 
twinning and irregular growth of anhydrous racemic acid. H. N. A. 


16. Crystal Structure of Potassium Hydrogen Fluoride. R. M. Bozor th. 
(Am. Chem. Soc., J. 45. pp. 2128-2132. Sept., 1923.)—The positions of 
the potassium and fluorine atoms in tetragonal potassium hydrogen 
fluoride, KHF 2 , have been determined by means of X-rays. The dimen¬ 
sions of the unit are 5-67 x 5-67 x 6-81 A. The structure may be 
described as an ammonium chloride arrangement of potassium atoms 
and fluorine dumb-bells, the two atoms of each dumb-bell lvine in a 
plane perpendicular to the tetragonal axis. For the hydrogen atoms 
there are two possible positions, one of which is in the middle of the 
dumb-bell, forming an HF 2 -ion. Author 

17 ’ T J* Crystalline Structure of Silver Iodide. R. B. Wilsev (East¬ 
man Kodak Co.’s Research Lab.. Comm. No. 184. Phil. Mag 46 pp 4^7- 
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496, Sept., 1023.)—Using the powder method the author has previously 
found that silver iodide gave the dilTraction pattern of the diamond, 
cubic, or rinc sulphide type of crystal [Abstract 1071 (1021)]. Davey has 
found the same structure, but Aminoff questions this, and states that, 
within the usual limits of error, the powder method gives the same lines 
with either the hexagonal or the diamond type. Using Lauc diagrams 
he concludes that Agl crystals are hexagonal. Wyckoff accepts this 
conclusion, and includes this ease in his list of “ known failures to assign 
correct crystal structures ” by using the powder method alone. A calcula¬ 
tion of all the lines to be expected from the two structures concerned 
shows that, while they have many lines in common, each has lines not 
possessed by the other, the hexagonal structure having much the greater 
number of lines. Considerable variation was found in the powder photo¬ 
graphs of Agl taken in the present investigation. A few samples showed 
only the lines of the diamond cubic structure, which included two lines 
which cannot be accounted for by the hexagonal structure ; the other 
samples prepared varied, from those showing one or two faint lines charac¬ 
teristic of the hexagonal structure, to samples giving as many as ten such 
lines, in addition to the seven lines common to both structures. All the 
photographs showing predominantly hexagonal structures contained one 
line which was most accurately accounted for by the cubic structure, 
differing from the nearest theoretical hexagonal lines by amounts greater 
than the experimental error. The conclusion is that both forms exist, 
most of the samples showing a mixture, in which the hexagonal form pre¬ 
dominates. Discrepancies in previous results seem to be due to differences 
in the samples used. In recording the diffraction lines a U-shaped piece 
of lead, with its opening directed towards the anti-cathode, was placed at 
the centre of the photographic film, to protect it from the primary X-ray 
beam during the greater part of the exposure, thus preventing fogging of 
the film. To avoid error due to shrinkage of the film during development, 
notches were cut 10° apart in the semicircular cassette holding the film, and 
these were printed on the film by the general scattered radiation, and gave 
fixed points from which measurements could be taken. H. N. A. 

18. Rdntgenographic Determination of the Structure of Rolled Metal 
Foil. Part II. H. Mark and K. Weissenberg. (Zeits. f. Physik, 
16. 4. pp. 314-318. 1923.)—In Part I [see Abstract 1869 (1923)] it was 
shown that in rolled foil of Cu, Ag. Au, Al, and Pt. the crystallites were 
orientated by the working into a definite order, characterised by a related 
group of lattice positions in which the direction [ 112 ] is parallel to 
the direction of rolling, [111] is parallel to the transverse direction, 
and [110] is parallel to the foil normal. The group is formed by 
a distribution about these positions. The present paper investigates 
the subject in greater detail, since variations occur due to the material 
and method of rolling. With Ag, Au, and Pt. the distribution is almost 
symmetrical, and an exact determination shows a deviation of about 3°. 
With Al and Cu the deviation attains 8°. It has now been found that 
two non-related groups of lattice positions exist of which the first is charac¬ 
terised by a [112] direction parallel to the direction of rolling and a < 110 > 
plane parallel to the rolling plane ; the second by a [ 100 ] direction and a 
<100> plane. With Au and Pt these two sets of crystallite positions 
occur in about equal amount, but with Ag, Cu, and Al the former distribu¬ 
tion prevails. H. H. Ho. 
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19. Theory of the Born-Lertes Effect. H. Schmick. (Phys. Zeits. 24. 

pp. 291-294, July 15. 1923.)—From Debye's two-pole theory [Abstract 
571 (1912)] Born concluded [Abstract 1029 (1920)] that a rotatory electro¬ 
static field of high frequency must exercise a measurable turning moment 
on a two-pole fluid. P. Lertes (Zeits. f. Physik, 6. p. 56. 1921). verified 
this deduction independently of a similar effect obtained at low frequencies 
and attributable to the conductivity of the fluid. Bergholm [Abstract 
843 (1922)] thinks anisotropic relations of the displacement electrons 
sufficient to account for the observed effects. The present paper discusses 
this question mathematically, with adverse results. A. D. 

20. Secondary Spectrum of Hydrogen. P.Das. (Calcutta Math. Soc., Bull. 
14. pp. 13-17, June. 1922.)—A model of the hydrogen molecule. Two nuclei, 
with an electron at their centre of gravity ; the two nuclei describe closed 
orbits round this nucleus, and the other electron describes some orbit at 
a comparatively large distance from the complex structure. This leads 
to Rydberg’s formula, to a large number of closely grouped lines, and to 
a close relation between the secondary spectrum and the Balmer lines ; 
and bears out in a striking manner the conjecture of Foote and Mohler 
that the resonance- and ionisation-potentials determined by electron 
collision are not really those of the atom but of the molecule. A. D. 


21. The Effective Function in XVeyl’s Physics. Part III. R. Weit- 
zenbock. (Akad. Wiss. Wien. Bcr. 130. 2a. Nos. 1 and 2. pp. 15-23, 
1921.)—In this paper, which is entirely mathematical, the author investi¬ 
gates the connection between the 6 invariants previously derived by 
him and enumerated by Weyl. Reference is made to recent work by 
Pauli and Bach [see Abstract 40 (1922)]. It is shown that no generalisation 
occurs when the second differentials <of the components </n 
of the electromagnetic potentials are considered as condition quantities, 
the same 6 effective functions being obtained even when a new test in¬ 
variant tensor of the third degree is introduced. H. H. Ho. 


22. Special Energy Values in Mechanical Systems. —A. Klose. (Ann. 
d. Physik. 72. 1. pp. 67-80, July 20, 1922.)—Remarking upon the fruitful 
application by Bohr of the quantum idea, the author points out that there 
are purely mechanical systems in which special energy values are privileged. 
The periodic orbits in the restricted problem of the three bodies are in¬ 
stanced, and their stability is discussed. W. G. B. 


23. Rutherford's Neutrons. A. Pontremoli. (Accad. Lincei. Atti, 

32. i. pp. 277-280. March 18. 1923.)—Works out that one quantum will 
cause the brief emission of rays of a frequency 1849 times that of the 
spectrum of hydrogen. ^ D 

24. The Electric Field of a small, Heavy-charged Sphere surrounding a 
Centre of Craintation. G.Mie. (Ann. d. Phys. 70. 7. pp. 489-657, April 6, 

I Zo, 1 

25. Degenerate Systems in the Disturbed Motion Calculus. L. Nord- 
helm. (Zeits. f. Physik, 17. 4-5. pp. 316-330, 1923.)—The author refere 
to two developments of the disturbed motion calculus in special con- 
nection with the quantum theory for dealing with cases of degeneracy: 

II By Born in collaboration with Pauli and with Heisenberg, respectively 

vol. xxvii.— a.—1924. 



0 


GENERAL PHYSICS. 

[Abstracts 1955 (1922) and 1310 (1923)] ; (2) by Epstein, employing a 
method based on Delaunay’s well-known treatment of lunar theory 
[Abstract 1886 (1922)]. The author here develops a method by which 
he has been able to deal with cases of degeneracy which had shown them¬ 
selves intractable by either method. The problem which led thereto 
occurred in his investigations of the possible models of the II molecule 
according to quantum theory, which will be published shortly. 

The starting point of all disturbed motion calculation is their repre¬ 
sentation in terms of the canonical conjugate angle and action variables 
w® . . . w®, J® • • • J® being the number of degrees of freedom) 
of the undisturbed system with Hamilton function H 0 . depending only 
on J?, while the disturbed members are periodic in \V?. The solution 
is obtained by successive approximation in terms of a parameter A. but 
is subject to the conditions of no degeneracy in the undisturbed system. 
Bom and Heisenberg distinguished between two essentially different 
cases: (1) Degeneracy proper, in which dWjdl = dH 0 /b J? = 0 for all 
values of J®, i.e. H 0 is independent of J®. In the undisturbed system 
there are then linear relations between the frequencies for all values of J*. 
They have solved this case by Gauss' method of secular disturbances. 
(2) Accidental degeneracy, in which ;£ 0. generally, but 

vanishes for certain definite values of J?, e.g. in the many body problem 
in the case of commensurable planetary orbits. There will then be a 
linear relation between the exceptional values of J*. 

Bohlin and Poincar6 have shown [M£thodes nouv. dc la mechaniquc 
celeste, (1893)] that if the transformation function in the neighbourhood 
of such incommensurabilities be expanded in powers of A 1 / 2 instead of A. 
everything becomes determined. The author generalises the Born- 
Pauli scheme by combining it with Bohlin’s method, and shows it to be 
the proper method for dealing with accidental degeneracy, being applicable 
even when this is of the manifold type. 

The author develops further analysis devised for dealing with the 
previously mentioned difficulty arising in the case of the H 2 molecule, 
and which he calls critical degeneracy, in which some of the J* assume 
critical values owing to the phase space becoming of lower order than 
the number of degrees of freedom, and the corresponding w t become 
geometrically indeterminate. The method is one of periodic solutions. 
The relativistic motion of an electron about its nucleus is an example. 
Specified in terms of two pairs of W, J conductors, the square root of 
the semi-axis major and the mean anomaly on one side, and the moment 
of impulse and perihelion distance on the other, the orbit is geometrically 
an ellipse with perihelion motion. If transformed into a circle by the 
eccentricity vanishing, the plane space shrinks from 2> dimensions to 1, 
without the degeneration of either of the types considered above, since 
the critical values of the perihelion motion and of the mean anomaly 
remain incommensurable. G. W. de T. 

26. Reply to Einstein's Remarks on " Contributions to the Cosmologic 
Problem." F. Selety. (Ann. d. Physik, 72. 1. pp. 58-66, July 20, 
1923.)—In reply to Einstein [see Abstract 825 (1923)] the author recapitu¬ 
lates and further explains his previous paper [see Abstract 40 (1923)]. E. F. 

27. The Fundamentals of the Quantum Theory and its Experitnenlal 
Proof.-' R. Ladenburg. (Zeits. techn. Physik, 4. 6. pp. 225-232, and 
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4. 7. pp. 249-257, 1923.)—A concise summary of the principles involved 
and the experiments on which the quantum theory rests. Mainly con¬ 
cerned with optical and X-ray spectroscopy. A. C. M. 

28. The Quantum, Atoms, and Radiation. O. Lodge. (Beama, 13. 
pp. 10-19, July; 80-88, Aug.; 148-157, Sept., and pp. 211-220, Oct., 
1923.)—A useful popular account of the theory of quanta in relation to 
the atom, in which the astronomical analogy is freely used. A. C. M. 

29. Propagation of Certain Types of Electro-Magnetic Waves. D. R. 

Hartree. (Phil. Mag. 46. pp. 454-460, Sept., 1923.)—The disturbance 
in the less dense medium in the case of total reflection at the surface of 
separation of two transparent media is investigated. It is found to be 
a solution of Maxwell’s equations, differing from the simplest type in three 
respects: (a) The amplitude is not constant over a wave front; (6) the 
wave is not purely transverse ; (c) the phase-velocity is greater than the 
normal velocity of light in the medium. The results show that a certain 
concentration of energy in a small region of the wave front is compatible 
with Maxwell's equations, but, owing to the fact that the energy integrated 
over the wave front is not finite, the author does not consider that any 
light is thrown on the question of light quanta. A method is suggested 
for testing the theory experimentally. # M. H. A. N. 

30. Spherically Symmetrical Solutions in the Einstein Gravitational 
Theory. W. Alcxandrow. (Ann. d. Physik, 72. 2. pp. 141-152, July 20, 
1923.)—A general and exact investigation of spherically symmetrical 
solutions of the field equations in Einstein’s original theory, i.e. solutions 
of the form 

* 2 = f*dfi - 2qdt Lta dXi) - 2Xr * - /(2>,- dx ( ) 2 . ( 1 ) 

where the s ummations ex tend over x x , x 2 , and x s . and/, q, and l are functions 
of t and Vx] + x\ -f x\ only. It is customary to eliminate the second 
term by a transformation of the form /' = 0(r, t), since any such transforma¬ 
tion does not disturb the symmetrical form of ds 2 . But when this has 
• been done the principle of least action is no longer applicable and recourse 
must be had to Einstein’s equations. The author prefers to treat the 
unrestricted form ( 1 ) by the least action principle, and, by means of 
extremely ingenious substitutions carried out before making the varia¬ 
tions, arrives at the following general solution : 


f 2 = «(d0/d/)2 \ +lr 2 = 1/m - u(D0/J)r)2 qr = - M d0/. 'tOl'br 

where u = 1 — 2 m/r, and 0 is an arbitrary function of r and /. This 
gives Schwarzschild’s solution on making the time substitution t' = $(r t) 
and is therefore essentially static. 

In a previous paper (see Abstract 176 (1922)] the author arrived, by 
the Hertzian (approximate) method, at a spherically symmetrical solution 
which seemed to indicate the possibility of gravitational "vibrations” 
due to a smgle point source. This special solution is, however, found 
gl T? n v 7 Sett , lng 6 = ‘ + CH and neglecting powers of 6 
lt n hUS 0nly a PP roximate and “ optical ” equations 

svXm 7 V r ?f y . express onl y the choice ot a special coordinate 
system, namely, that in which the Schwarzschild solution holds good. 
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31. Space and Time. E.Perslco. (Accad. Li nee i. Atti. 32. i. pp. 524 - 

627, May 20, 1023.)—A discussion, in terms of a non-Euclidean uni¬ 
verse as applied to astronomical distances and of a Euclidean 4-dimen¬ 
sional universe as applied to terrestrial distances, as to the criteria of 
time and space considered separately. A. I>. 

32. Relativity in Classical Physics. P. Straneo. (Accad. Lincei. 
Atti, 32. i. pp. 221-226, March 4. 1023.)—It is generally stated, or assumed, 
that in order to take account of the theory of restricted relativity it is 
necessary to abandon the classical foundations and to adopt an Einsteinian 
starting-point. The author combats this, and contends that a complete 
examination of the problem shows otherwise. Assume the result of 
experience to be that the relative movement of the earth and the ether 
cannot be detected ; the principle of contraction follows. If a uniform 
translatory movement leaves electromagnetic phenomena unchanged, we 
must (Lorentz and Poincard) have 

*'“*(*- VI), / = y. t' - /' = *(/- (M/e*)). A = {1 _ (1,/e)-} -i/- , |) 

Assuming the law of composition of velocities to be 

* - ("i + «- 2 )/{ 1 + d vs/e*)}. 

all the Lorentz transformations form a continuous group ; and in order to 
transform the equations of any phenomenon into those for a system fixed 
relatively to the ether, all that is necessary to do is to use (1) instead of 
the corresponding Galilean expressions 

'• y'-y- **-»• . ( 2 > 

From (1) and (2) we have 

at' = kx\ y = y\ = r*. /' =* k(t m - (t px/c*)) . (3) 

But if (1) leave the phenomena unchanged and (2) correspond to a 
purely translatory movement without secondary effects, then (3) must 
cover the secondary effects accompanying translation. On Einstein’s 
lines. ( 1 ) must correspond to a pure translation, and no secondary effects 
are necessary. Equations (3) are, however, capable of a single mechanical 
interpretation. The first of them is no other than the principle of con¬ 
traction ; and it is to be noted that Lorentz really worked on (3), not 
on (1). The fourth is apparently not intrinsic, since it is referred to a point 
on the fixed system, which point may be arbitrarily chosen. But we can 
eliminate x between ( 1 ) and the fourth equation of (3). and obtain 

'' = *['*- (p) ** + •"*] - 7, r ~ * p '*■ 

which depends only on constants and intrinsic quantities of the moving 
system. The first term in this shows that in consequence of the translatory 
movement there is a retarding effect of the second order ; and the second 
shows that an observer at x m = 0 would judge an event occurring at a 
point x* = x" as having occurred at a previous instant, the time-interval 
being proportional to the velocity. This latter is a preponderating effect, 
being of the first order. These two, together with the contraction, per¬ 
fectly account, on ordinary classical principles, for an observer on a moving 
system not being able to perceive his own motion. A. D. 
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33. Einstein General Relativity and Mercury's Perihelion Anomaly. 
G. v. Gleich. (Ann. d. Physik, 72. 3. pp. 231-235. Aug. 7, 1923.)—The 
authqr subjects Einstein’s general relativity theory, defined by the 
condition that ds 2 = '£ l giijdx i dx k (*, k, = 1, 2. 3, 4) should be an in¬ 
variant, to a searching and detailed mathematical criticism. He also 
considers and compares the expressions obtained by various mathemati¬ 
cians, e.g. Gauss, Riemann, and Gerber. The latter, in 1898, obtained 
with his potential exactly the same equation as that of Einstein, but as 
the author points out, the derivation of his potential cannot be regarded 
as satisfying. He points out, further, that it is not sufficiently recognised 
that Einstein’s gravitation theory, as he has shown in this paper, is 
dependent on a series of purely arbitrary assumptions. The author's 
conclusions from his examination are : (1) That it is open to doubt whether 
or no the Einstein formula for the anomaly is really in accordance with 
the observations ; (2) that, even if it so be, this does not afford a valid 
foundation for Einstein’s general relativity theory, nor does it sub¬ 
stantiate the claim that gravitation in the neighbourhood of large masses 
of matter is a consequence of the metric of the defining fourfold. 

G. W. de T. 


34. An Infinite Potential and a Mean Stellar Velocity Equal to that of 
Light. E. Selety. (Comptes Rendus, 177. pp. 250-252. July 23, 1923.)— 
In a universe composed of systems with dynamical similarity, the potential 
is infinite. Seeliger’s objection to such a universe is not valid. It suffices 
that the acceleration at any point is less than a given quantity, and if 
the mean density decreases more rapidly than 1 /r this condition is ful¬ 
filled. Einstein claims that the difference of potential to infinity cannot 
be greater than that necessary to account for the mean velocities of the 
distant stars. The theory of a spherical mass of gas, on Darwin’s analysis 
of a swarm of meteorites, shows that equilibrium is possible statistically 
in a universe of infinite mass and potential but with a small mean velocity. 

Considering the velocities of component systems on the classical 
theory, the root-mean-square velocity of the first order systems with 
reference to the centre of mass of the nth order system is rVn where r 
is the relative velocity of any system of order n with respect to the centre 
of mass of the system of order n + 1. From the restricted theory of 
relativity is obtained the analogous expression : r n = eVl — (1 — r 2 /c 2 ) n . 
Then the mean velocity of ail bodies of the same order is equal to c, but 
any particular value is less than c. A Wh 


METEOROLOGY AND GEO-PHYSICS. 

35 Mechanism of Cyclones and Anticyclones. T. Kobayasi. 
(Roy. Meteorolog. Soc., J. 49. pp. 177-188 ; Disc., 188-189, July, 1923.)— 
The instantaneous hues of flow are calculated for a cyclone assuming 
that the barometric grad.ent is constant in the central region, and that 

T a de5cendin S '“trent outside this region, 
dionlar tTrt! h ' ‘ fthere ( **. a horizontal gradient of temperature perpen- 
wh,rh rorr« T " °u the Cyclone ’ temperature discontinuities occur 
hv W l t i the SquaI1 Une and the leering line. It is shown 

by simiUr treatment that two slight discontinuities of temperature occur 
in the rear of an anticyclone. * A w T 
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36. Origin of Cyclones. H. Ficker. (Meteorolog. Zcits. 40. pp. <»5 70, 

March, 1023.)—This paper is a critical review of the V. Bjerknes’ polar 
front theory of the origin of cyclones. W. A. R. 

37. Cyclones. W. Milch. (Mcteorolog. Zeits. 40. pp. 104-108, April, 

1923.)—The general equations upon which Bjerknes’ theory of atmospheric 
vortices depend are developed from general hydrostatic considerations, 
and in addition reference is made to assymetric cyclones. W. A. K. 

38. Ascent of Rubber Balloons. Y. Horlgutl. (Imp. Marine. Obs. 

Kobe, Japan, 1. pp. 37-61. March. 1923. In English.)—The rate of 
ascent is expressed fairly simply. But for higher altitudes a complex 
correction has to be applied, depending on density ratios. A table of 
densities is added and enables the calculation of the velocity of ascent 
to be quickly made. Differences between the calculated and observed 
rates of ascent are to be ascribed to air currents. \V. A. R. 

39. Atmospheric Circulation. F. M. Exner. (Meteorolog. Zeits. 40. 
pp. 14—19, Jan., 1923.)—The energy manifested in atmospheric circula¬ 
tion may on the one hand be derived from consideration of gravitational 
energy, or on the other from considerations of an adiabatic cycle. The 
paper in the first instance works out the affinities of these two points of 
view. In the second place attention is given to Sandstrom’s theory. 
This observer distinguishes two types of vortex—one in which the transfer 
is mainly vertical, and the other (called a slide-vortex) in which the transfer 
is mainly horizontal. The energy conditions of this type arc also worked 
out, and considered to have fruitful meteorological applications. 

W. A. R. 

40. Constitution of the Upper Strata of the Atmosphere. L. Vegard. 
(Phil. Mag. 46. pp. 677-604, Oct. 1923.)—Spectra of aurora have been 
obtained corresponding with different altitudes ; these show that the 
intensity of the green line, compared with the negative bands of nitrogen, 
is greater near the bottom edge than 50-80 km. higher up. This shows that 
the green line must be emitted either from nitrogen or some compound of 
nitrogen ; also that nitrogen must be a predominant component of the 
atmosphere to its upper limit. These results arc in accordance with the 
results of previous investigations of the constitution of the upper atmo¬ 
sphere by the same author. [See Abstracts 2104-2106 (1923).] 

A. W. L. 

41. Atmospheric Permeability for Light, etc. A.Gockel. (Meteorolog. 

Zeits. 40. pp. 129-138, May, 1923.)—The paper records and discusses the 
results of observations with a Michclson actinometer carried out at 
Freiburg, in Switzerland. The turbidity factor, the total and red radia¬ 
tions, and the amount of polarisation are given for parts of the years 
1921-1922. W. A. R. 

42. Characteristics of the Atmosphere up to 200 Kilometres as Indicated 
by Observations of Meteors. G. M. B. Dobson. (Roy. Meteorolog. Soc., 
J. 49. pp. 162-166, July, 1923.)—The physical processes taking place in 
the atmosphere around a meteor have been described in a previous paper 
[Abstract 1069 (1923)]. The calculation of the density of the air from 
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the observed properties of meteors leads to the conclusion that the tempera¬ 
ture remains constant from the tropopause up to about 50 km., and that 
above this height there is a region in which the temperature is much 
higher. This higher temperature may be accounted for by the absorption 
caused by the presence of a layer of ozone, which might be formed from 
the oxygen under the action of the extreme ultra-violet radiation from 
the sun. About 5 % of the solar energy reaching the atmosphere is 
absorbed by ozone ; if this occurs at great heights a high temperature 
at these heights would result. 

The height of disappearance of meteors seems to be higher in summer 
than in winter, which is in accordance with the suggestion that the tempera¬ 
ture in the upper layers is governed by the absorption of solar radiation. 
The observations seem to show that nitrogen and oxygen are the chief 
constituents o’! the atmosphere up to about 160 km., and that at about 
200 km. helium probably predominates. A. W. L. 


43. Volume Change in Rising Air. S. R6na. (Meteorolog. Zeits. 40. 
pp. 39-47, Feb., 1923.)—The volume change in rising air, under adiabatic 
conditions, is worked out for three cases : for dry air, for moist unsaturated, 
and for saturated air. The equations arrived at are then applied to the 
estimation and prediction of the amount of rainfall. W. A. R. 


44. Solar Radiation Corrections. R. E. Watson. (Meteorolog. Office. 
Geophys. Mem. 3. 21. pp. 1-17, 1923.)—The corrections obtained by a 
comparison of Angstrdm and Abbot pyrheliometers used at Kew are 
given and discussed ; and a table of corrections to be applied to values 
of the intensity of solar radiation already published in the Geophysical 
Journal between 1907 and 1921 is appended. W. A. R. 


45. Ultra-Violet Intensity of Solar Radiation. G. M. B. Dobson 
(Roy. Soc.. Pioc. 104. pp. 282-271. Sept. 1. 1923.)-The intensity of 
the sun s radiation of A3200-3150 is determined by photographing the 
disc through a silver absorption screen. On the same plate is photo- 
graphed an Ilford wedge illuminated by a standard lamp, and the densi¬ 
ties are compared by a photoelectric cell and galvanometer. The 
logarithm of the intensity is plotted against the secant of the sun's zenith 
distance. Z, when the intensity extrapolated for sec. Z = 0 gives the 

SSS*"* Spac , e and ,he Sl T gives the atmos P heric transmission 
coefficient. Observations are made on 34 davs in 1999 and * . 

that the variations are far greater than would be expected from variations 

of the solar constant, 30 % being a normal value. The transmission 

coefficient also vanes from 0-22 to 0-42. The ratio of rentrai m r I 

SK SS tt 6h at y fr T * ** condusi^is reached 

A. Wh. 

46. Victoria and Albert Lake Levels C F P ,n, * , 

Office. Geophys. Mem. 2. 20. pp. 337-344 ' 192^' ( eteorolog 

correlation between the lake levels and,• V „ 7 18 ° nly a Sma11 

indeed between the leve^ and the sun sL? vl* * V " y “ gh °" e 
monthly records are used and no I f eVen When th * 

connecHon can only be obtained through the evaporation' 8 ’ wTr 
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47. Elastic Constants of the Earth's Interior. B. Gutenberg. (PJiys. 
Zeits. 24. pp. 206-200, July 16, 1023.)—The coefficient of rigidity increases 
from 3 x 10' C.G.S. units at the earth's surface to 32 < 10 * at its centre. 

A. I). 

48. Causes of Earth Movement. J. Joly. (Phil. Mag. 45. pp. 1107 - 
1188, June, and pp. 170-176. July. 1023.)—This paper outlines a novel 
theory as to the origin of earth movements, designed to account for their 
cyclic character with attendant igneous activity during geological time. 
The data of isostasy and the existence of a layer of basalt beneath the 
immediate crust are assumed. The basalt is somewhat variably radio¬ 
active. The conservation of this heat must ultimately liquefy the basalt 
layer. The melting will cause expansion and the whole earth will undergo 
a radial expansion. Subsequent cooling taking place more rapidly under 
the ocean than under the continents causes a contraction, as the net 
result of which the continental masses are raised. The lateral motion 
evidenced in mountain building may arise partly by circumferential 
changes accompanying the radial; partly through tidal and precessional 
effects acting on the liquid or partially liquid layer. The process then 
begins anew, and the earth therefore goes through a scries of small pulsa¬ 
tions. for which the energy is derived from radioactive disintegration. 

In the second paper the extent of the differential movements of the 
crust and the probable distribution of sub-crustal temperatures are 
estimated. \\r \ r 

49. Seismograms. S. K. Banerji. (Indian Assoc, for Cultivation 

of Science, Proc. 8. I. pp. 47-60. 1923.)—It is suggested that the pro¬ 
longed, small amplitude disturbances (the earthquake coda), which follow 
the long wave phase in the seismogram, are equivoluminal waves partly 
transformed into Rayleigh waves on reaching the surface. That they 
arrive relatively late is explained as due to their having suffered one or 
more surface reflections. \V. A. R. 

50. Earthquake Main Waves. K. Suda. (Imp. Marine Obs. Kobe, 

Japan, 1. pp. 62-66, March, 1923. In English.)—The paper contains an 
investigation into the energy conditions of the main earthquake waves 
in the neighbourhood of the origin. The earth's crust must be assumed 
to be heterogeneous, and results derived from the study of distant quakes 
are inapplicable. The distribution of the energy from the epicentre is 
not logarithmic. The extraordinary energy values obtained for some 
near earthquakes are partly explained by wrong seismometer constants, 
and partly by geological conditions. For a near earthquake the energy 
distribution can be explained to some extent on the wave diffraction 
theory. The type of energy distribution depends on the direction of 
first motion at the seismic origin. In Japan moderate and weak shocks 
are produced by a vertical, and violent shocks by a horizontal, motion 
at the seismic origin. W. A. R. 

51. Visco-Elasticity and Seismic Waves. Nina M. Hosali. (Roy. 
Soc., Proc. 104. pp. 271-278. Sept. 1. 1923.)—In dealing with the " viscous " 
properties of the outer crust of the earth previous workers have taken 
account of the viscosity by adding a frictional term. The author proposes 
to assume a stress-strain law, and deduce from it the laws of wave propaga- 
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tion. The law used is derived by adding the ordinary elastic solid stresses 
to the stresses in a viscous fluid. The law agrees so far with experiments 
on solids that it involves a term implying an instantaneous strain propor¬ 
tional to the load. The strain thereafter follows an exponential law and 
attains its final value asymptotically. The law is applied to the deter¬ 
mination of waves in a visco-elastic medium. W. A. R. 


ASTRO-PHYSICS. 

52. Declinations of 526 Stars. S. G. Barton. (Astron. J. 34. 
pp. 175-181, Dec. 22, 1922.) 

53. Light Absorption in Space. A. KopfF. (Zeits. f. Physik, 17. 4-5. 

pp. 279-286, 1923.)—After a.detailed discussion of the evidence, the 
author arrives at the conclusions: That the results of counting the stars 
in the 32 selected areas are in good agreement with the assumption that 
there exists a layer of light absorbing substance extending over the greater 
part of the heavens : That such a layer must be of relatively small thick¬ 
ness ; that the optical density of such a layer must vary greatly in its 
distribution within the limits of the Milky Way, vary much less outside 
these limits, and decrease as the distance from the poles of the Milky Way 
increases ; that the distance of the absorbing layer from the sun must 
be between 300 and 500 parsecs within the Milky Way, and somewhat 
less outside these limits. How far such an assumption may be in contra¬ 
diction to other results of observation cannot at present be answered. 
The proper motions of the fainter stars, which might decide the question, 
are as yet for the most part unknown. G. W. de T. 

54. Is the Velocity of Light to be Compounded with that of its Source ? 
M. la Rosa. (Accad. Lincei, Atti, 32. i. pp. 690-598, June 17, 1923.)— 
The hypothesis that it is so to be compounded (ballistic hypothesis) enables 
many of the phenomena of double or variable stars to be explained. 

A. D. 

55. General Orbits of Trojan Group of Asteroids. E. W. Brown. 

(Astron. J. 35. pp. 69-80, Aug. 10, 1923.)—The true orbital longitude of 
the asteroid is taken as the independent variable. The chief feature in 
a Trojan's motion is due to resonance. Since it has only one fundamental 
short period, a Trojan must follow Jupiter both in mean motion and elliptic 
orbit, and Jupiter compels it to have nearly the same secular nodal motion 
as itself, and prevents it having any large inequality of long period, due 
to the direct attraction of any other planets. The author shows that the 
Trojan group is stable, but it is possible that the gaps in asteroidal distribu¬ 
tion between Jupiter and Mars may be due to resonance. A. S. D. M. 



VOL. xxvii.—a.—1924. 



LIGHT. 


17 


. LIGHT. 

56. Prism Method of Determining the Refractive Indices of Metallic 

Vapours. H.G. Smith. (Roy. Soc. Canada. Trans, 16. Sect. 3. pp. 145- 
150, 1022.)—Experiments are described in winch the refractive indices 
of the vapours of Hg, Tl, and Ca are studied by means of modifications 
of the method described by J. C. McLennan [see Abstract 837 (1922)]. 
The deflection produced by the quartz plates forming the sides of the 
prism is comparable, apart from other sources of error, with the whole 
effect when the prism is filled with Tl vapour. Annealing of the plates 
affords no improvement. Except in the case of Hg, where a lower tem¬ 
perature (320° C.) can be employed, the method is regarded as unsatis¬ 
factory. A. B. C. L. 

57. The Visibility Curve. T. Otashiro. (Phys. Math. Soc. Japan, 

Proc. 5. pp. 57-59, May, 1923. In English.)—The curve consists very 
nearly of two probability curves. Joly's view confirmed that photo¬ 
graphic " vision *’ and the vision of sight are fundamentally alike, both 
being photoelectric. . A. D. 

58. Accommodative Reflex of the Eye. A. Polack. (Comptes Rend us, 

176. pp. 407-408, Feb. 5, 1923.)—Accommodation of the eye to different 
distances operates without the action of the will by contraction of the 
ciliary muscle. It is supposed that this reflex has its origin in the circles 
of diffusion produced on the fovea by the objects to which the eye is not 
accommodated at the instant when they attract attention. In the 
present paper the author discusses the mechanism by which sometimes 
a contraction, sometimes a relaxation of the muscle is brought about. 
Spherical aberration in the eye is inconstant, varying from eye to eye 
and in different accommodative states; it can in certain cases be zero 
or negative. On the other hand, chromatic aberration exists in all eyes, 
and is always present in the same sense. Logically, the latter should 
be the principal factor determining the accommodative reflex. From 
this point of view, what has been considered as a simple optical fault 
plays a useful part and deserves to be classed amongst the physiological 
factors of vision. T. H. 

59. Limits of Visual Acuity. T. Y. Baker. (Phil. Mag. 46. 
pp. 640-642, Oct., 1923.)—The author comments on a communication by 
H. Hartridge [Abstract 2138 (1923)], discussing ability of the eye to assign 
a datum mark between two successive divisions of a scale. The test was 
based on attempts to subdivide a millimetre into tenths when placed 
26 cm. away from the eye. But the importance of the magnitude of angle 
subtended has been overlooked. There is an optimum angle for which 
interpolation acuity reaches a maximum—apparently about 3°. Hence 
an attempt to subdivide 1 cm. placed at the near point of vision would 
yield better results. In these circumstances it was found possible to 
estimate the position of the datum mark accurately to 1/50 of a division, 
whereas the error involved in Hartridge's attempt to subdivide 1 mm. was 
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so great that the inaccuracy is nearly 1/5. It is unnecessary to employ 
a vernier if it is not required to subdivide a scale division below 1/50 
part, provided the angular value of the scale division at the eye is about 
3°. The author also mentions an experience with a prismatic astrolabe. 
In the use of this instrument the error was reduced to 1/3 by inserting a 
small prism producing a double image of a star instead of a single one. 
An image can be brought into coincidence with two duplicate images with 
greater precision than is possible when only two single images are used. 

J. S. D. 


60. The Relation between Field Brightness and Speed of Retinal Impres¬ 
sion. P. W. Cobb. (Frank. Inst. J. 195. pp. 855-857, June, 1923.)—A 
brief description is given of experiments on the above subject, and results 
are presented in tabular and graphical form. The experiment consisted 
in the observation of the time of exposure necessary in order that the 
subject might correctly state whether or no a black circular dot in the 
centre of a white screen has been shown, the brightness being varied over 
two ranges, from 3-3 to 31*3 candles per sq. m. and from 24-8 to 342 
candles per sq. m. The reciprocal of mean threshold time (expressed in 
thousands of a sec. (8]) is plotted as ordinate, the brightness as abscissa. 
Increasing brightness materially diminished the time, which varied from 
7 • 3 to 28 • 7 8 for the range of brightness specified. The relation is roughly 
linear. J. S. D. 


61. A Flicker Type of Photoelectric Photometer giving High Precision 

G. M. B. Dobson. (Roy. Soc., Proc. 104. pp. 248-251. Sept. 1. 1923.)_ 

In recent years the photoelectric cell has proved useful for the estimation 
of densities of filters or photographic plates, but the ordinary method has 
drawbacks. It is customary to obtain readings successively with the 
specimen studied and a neutral glass wedge, which is adjusted to give the 
same deflection on the galvanometer. It is. however, necessary to take 
great care to ensure that the apparatus remains constant during the 
observations, and much time is apt to be wasted in repeating and checking 
results. Moreover, when large densities have to be measured thedeflection 
is small and the accuracy is relatively poor. The author has devised an 
improved method based on the flicker principle. Two beams of light are 
taken from an electric lamp with a small compact filament. Both beams 
fall on the photoelectnc cell, one having passed through the plate whose 
density is to be tested, the other through an adjustable standard optical 
wedge. A shutter revolving round the lamp shuts off each beam alter¬ 
nately Hence if the wedge is adjusted so that there is no oscillation of 
the galvanometer the densit.es of standard and plate may be assumed to be 
equal. The apparatus is made very sensitive, so that for small densities 
on y a weak light is necessary; for higher densities the resistance in series 

Hefl C g I ? n ° metCr may h* diminished, so as to obtain the same 
deflection. It is unnecessary that the zero position of the galvanometer 

“ PPCar fiC d , 01 ™ w ' and the maximum deflection conducive 

r ? may - !. USed The density is obtained in one operation, and 
? fiK l , “ the Photoelectric cell or light source is not necessary. 

ven ent xl™' 3?d * resistanc e °f about 10 - 9 ohms is found con- 
venient. The shutter must be accurately made, and a speed of one to five 

m " 1 ' Wa ? f ° Und sa tisfactory. In favourable circumstances the 
probable error is less than 1/10 per cent, for one observation. J. S. D. 
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62. Apparatus for Determining Mean Spherical Candle Doner. .1. 

Sahulka. (Elek. u. Maschincnbau. 41. pp. fi.10-5.1S. Sept. 9. 1923 
Similar article in Elektrotechnischc Zcitschrift. July 12. 1023.)—The 
customary apparatus for determining mean spherical c.p. has drawbacks. 
Mirror arrangements are only suited for sources of small dimensions ; 
otherwise a complete image of the source may not be seen at the photometer. 
The Ulbricht sphere is subject to various sources of uncertainty and must 
be at least 1| m. in diam. in order to keep errors small. The author has 
substituted plates of plaster of Paris for the series of mirrors commonly 
arranged at requisite intervals round the light-source in order to yield 
m.s.c.p. The aggregate light from all these surfaces impinges on the photo¬ 
meter, and it is only necessary to see that no shadow is cast on the screen 
by the housing of the instrument. Such plates are, however, liable to 
crack, and strips of suitable paper have been substituted. This has led 
to the idea of utilising a continuous encircling surface instead of a number 
of white surfaces at intervals. This complete strip of paper is conveniently 
arranged in a rectangle, with the source at its centre. The necessary 
correction for zones of equal area is automatically secured for the vertical 
sides of the rectangle by the variation in the cosine of the angle of incidence. 
The width of the vertical strips may therefore be uniform, but the hori¬ 
zontal strips above and below the source must vary in the width, the 
contour being calculated to ensure equal zones. The apparatus is cali¬ 
brated in the usual way by substituting for the source tested a lamp of 
known mean s.c.p. J. S. D, 

63. Absorption of Light by Sodium Vapour. F. H. Newman. (Phil. 
Mag. 46. pp. 420-425. Sept., 1923.)—Unexcited sodium vapour shows 
absorption corresponding to the principal scries lines only. If, however, 
the atoms can be brought to the condition that a considerable proportion 
have the electron in the 2 p ring, then the radiation absorbed when white 
light is passed through the vapour will be the lines which in the emission 
spectrum arise when the electron is displaced from the 2 p ring to outer 
stationary orbits, i.e. the subordinate scries lines. Experiment indicates 
the probability that this abnormal state of the vapour can be produced 
not only by electrical stimulation, but also by high temperature. An 
account is given in this paper of a continuation of experiments previously 
described [Abstract 2155 (1923)]. The radiation from a sodium-potassium 
alloy vapour arc lamp was sent through feebly luminous sodium vapour. 
The subordinate series lines of sodium decreased in intensity. White 
light from an electric arc passed through this feebly luminous vapour 
showed absorption of A6161, A6154, A5688, A5683 lines belonging to the 
subordinate series. These effects are explained by the presence of atoms 
in an abnormal state, this state being brought about by an electrical 
stimulus. The valency electron of these atoms is in the first p ring. 

J. J. s. 


64. The Photometric Matching Field. L. C. Martin. (Roy. Soc., 
Proc. 104. pp. 302-315. Sept. 1, 1923.)—In photometers of the *' equality 
of brightness " type it is accepted that the minimum contrast perceptible 
depends upon ( 1 ) brightness of the retinal image of the field, ( 2 ) state 
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subject from which the conclusion is drawn that maximum sensitiveness 
necessitates both parts of the field of view having a minimum angular 
subtense, and also on working as large as possible an extent of the area 
at a fairly uniform level of brightness. The second part of the paper is 
concerned with securing the latter condition and thus increasing the 
accuracy of photometric measurements. It is usually inconvenient to 
obtain an optical magnification enabling the field to subtend an apparent 
angle exceeding 1° to 4®. But it is possible to surround the matching 
field by a field of about the same brightness. The author attained this 
condition by means of an adjustable aperture on the top of the photo¬ 
meter admitting extraneous light on to a screen through which the field 
was viewed. Preliminary experiments with such apparatus indicated a 
decided improvement in precision of setting as a result of this device, and 
more detailed tests confirmed this result. In one set of readings the mean 
error with light-surrounding field was 0-29 per cent., with dark-sur¬ 
rounding field 0-62 per cent. ; in a second series, values of 0*47 per cent, 
and 0-76 per cent, were recorded. The beneficial effect of this device 
appears to be established, but the problem is now to be attacked in a more 
methodical way. J. S. D. 

65. Increasing the Dispersion of a Constant Deviation Spectroscope. 

J. F. T. Young. (Optical Soc. of America, J. and Rev. Sci. Inst. 7. . 
pp. 405-406, May, 1923.)—The difficulty was completely solved by inserting 
one or more extra prisms between the telescope and the prism, and using 
direct vision trains in place of ordinary prisms. The intensity was still 
sufficient. A. D. 


66. Apparatus for the Polarisation of the Light of the Sky. A. Hofmann. 

(Zeits. Instrumentenk. 43. pp. 232-235, July, 1923)—Simple apparatus 
for this. A. D. 

67. Dispersion Investigated by an Interference Method. H. F. Dawes. 
(Roy. Soc. Canada, Trans. 16. Sect. 3. pp. 283-292. 1922.)—Considers the 
interference fringes of an interference system for which the two paths 
are of unsymmetrical dispersion. With white illumination the fringes 
form closed curves centring on the wave-length for which the number of 
wave-lengths in the difference of path is a maximum. These are illustrated 
by spectrograms with sunlight illumination. The numerical results give 
the dispersive power of the substance to a high degree of precision. 

A. D. 


68. A New Magneto-Optic Phenomenon. M. Holmes. (Phil. Mag. 
46. pp. 335-336, Aug., 1923.)—Glycerine in a polarimeter is exposed to a 
longitudinal magnetic field ; the uniform field of view is partly darkened 
when the field is turned on. Now switch off the magnetic field, and watch ; 
the field of view dies out and reappears with its light and dark areas 
reversed before finally regaining uniformity. Non-viscous liquids give 
no such result; nor do liquids more viscous than glycerine. A. D. 


69. Polarisation of the Light Scattered by Gases and Vapours. C. V. 
Raman and K. S. Rao. (Phil. Mag. 46. pp. 426-434, Sept., 1923.)— 
Lord Rayleigh and others have shown that the light scattered transversely 
by gases is not in general perfectly polarised, but shows a defect of polarisa- 
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lion which at ordinary temperature and pressure is characteristic of each 
gas. This result has been explained as due to the optical anisotropy of the 
scattering molecules which is different for different gases. With mon¬ 
atomic gases such as argon, the scattered light is almost completely 
polarised, while more complex molecules show a very marked imperfection 
of polarisation. In Rayleigh’s experiments a photographic method was 
used. The authors have made experimental arrangements by means of 
which direct visual measurements are possible and have examined various 
gases and vapours. The results obtained are as follows, where the 
figures give the ratio of the weak to the strong component of polarisation 
as a percentage: Ha, 3*6; Oa. 8-4; CO«. 10-0; Air, 4 37 ; N^O. 14 3; 
Benzene. 6-8; Pentane, 2-8; Ether, 3-0. These values for the imper¬ 
fection of polarisation of gases are much higher than those of previous 
investigations except those got in Rayleigh's final work. In the case of 
the five gases Rayleigh's final values are distinctly higher than those of 
the authors. J. J. S. 

70. Law Connecting Position of Object and Image in a Simple Lens. 

E. Schwarez. (Zeits. f. Physik. 16. 5-G pp. 340-344, 1923.)—The author 
gives a mathematical description of the path traced out by the object 
when (a) the lens is stationary and the object moves along a line parallel 
to the axis, and (6) the object is stationary and the lens moves along its 
axis. In the second case the path of the image is a hyperbola for which 
the characteristics are given in the paper ; in the first case it is a straight 
line. The two cases of the bi-convex and bi-concave lens arc treated 
separately, and the author points out. in conclusion, that the straight line 
path on a system of coordinates moving with the lens is equivalent to a 
hyperbola or a system of coordinates considered as fixed with respect 
to the object. Errata {Ibid. 17. 4-5. p. 352. 1923). J. W. T. W. 

71. Unit Curves of a Photographic Lens. Alice Everett. (Phil. Mag. 
46. pp. 565-567, Sept.. 1923.)—This is a continuation of previous work 
on this subject [see Abstract 1558 (1923)]. The unit curves, i.c. the loci 
traced out by pairs of conjugate points for unit magnification on rays 
fulfilling some condition, are traced out for an axial section of a Tcssar 
photographic lens for three different positions of an infinitely distant 
source, namely, with the incident ray inclined at 0°, 6° and 20° to the axis. 
The results arc shown in diagrams, and it is found that: (1) The position 
of the unit curves changes with that of the source, i.e. with the inclination 
of the parallel pencil of chief rays : (2) The curvature changes with the 
position of the source : (3) The curvature changes also with the aperture 
or incident height; the curves are not circular, nor plane. Hence the 
object curves cannot coincide with the incident wave-front, which is 
plane: (4) The unit curve in the image space, like the wave-front, is more 
convex to the source than the curve in the object space. J. W. T. W. 

72. Effect of Pressure upon Optical Absorption. F. G. Wick. (Am. 
Acad., Proc. 58. pp. 557-573. Aug., 1923.)—The author describes apparatus 
used for studying the effect of pressures up to 3500 atmospheres on the 
absorption characteristics of certain substances, notably those showing 
well-marked absorption bands. Results for the following substances are 
given in the paper : Aqueous solutions of salts of the rare earths neodymium, 
praseodymium, erbium, and " didymium ” ; aqueous solutions of the 
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uranyl salts ; aqueous solutions of cobalt chloride ; a synthetic ruby ; 
samples of coloured glass. The effect of pressure is, in general, similar 
to that which takes place upon lowering the temperature of a substance 
or decreasing the concentration in the case of a solution. In most cases 
an absorption band is made sharper and shifted towards the violet. 
The results given are mainly quantative, but it is considered that the 
effect of a pressure of 3500 atmospheres is equal to a lowering of the tem¬ 
perature to about — 60 s C., while an increase of 1700 atmospheres pressure 
upon a 0-2 normal solution of neodymium nitrate is approximately 
equivalent to a reduction of the concentration of this solution to one-half 
its value, that is, to making the concentration of the solution 0 -1 normal. 

J. W. T. W. 

73. Pleochroic Haloes. J. Joly. (Roy. Soc., Proc. 102. pp. 682- 
705, March 1, 1923.)—Black Archaean micas often show bleached haloes, 
c.g. those of ytterby. The bleaching is clearly a radioactive effect, and 
is accounted for by a " reversal ” theory, analogous to the photographic 
phenomenon where long exposure reverses the image. Several new types 
of ringed haloes arc described. Renewed measurements of haloes from 
rocks of different ages indicate a distinct increase of radial dimensions 
with increasing age. (See Abstract 1642 (1922).] W. A. R. 


74. The Size-Frequency Distribution of Grains of Silver Halide in 
Photographic Emulsions, and Its Relation to Sensitometric Characteristics. 
V. Systematic Correlation. E. P. Wight man, A. P. H. Trivelli, and 
S. E. Sheppard. (J. Phys. Chem. 27. pp. 465-480. May, 1923.)—In 
previous papers [see Abstracts 493 and 1124 (1923)) the authors have 
discussed the various methods in vogue for obtaining the size-frequency 
distribution of the grains of a disperse system, and also described in detail 
that employed in the case of photographic emulsions. The sensitometric 
and size-frequency distribution characteristics of a number of commercial 
and of a few experimental emulsions were correlated as far as possible and 
a tentative general theory of the correlation proposed. In the present 
paper a series of photographic emulsions is considered which are much 
more closely related to each other than those previously studied, and 
tnctly comparable because practically all the factors in their prepara- 
on have been under control, only one being varied so as to increase 
progressively the speed of the emulsions in the series; and also because 
equa weights of the emulsion containing in every case the same amount 
of silver halide by weight were coated on the plates. The equations 
which represent the grain-size distribution of these emulsions show a steady 
Sr. a SteCP f£P° n f t ntiaJ . to a flat, widely spread 

the slow y = y ° e ^' * ’ U ' in passin S through the series from 

ste J v d^, comparatively fast emulsion the parameters ^ and k 

oxTmnfpSh 0356 ; W ^ C thG Parameter a - which is zer <> the first two 
deteSrn^ h ^ y rr CTeaSeS * ° ther characteristics have been 

decrease with "the speed ^ Same P ro 6 ressive '™ c or 
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Lumidre, and Sanger Shepherd in connection with the progress of three- 
colour photography and printing, and the results discussed in relation 
to the present experiments. The author describes his own experiments, 
which were made to ascertain how far the want of a complementary 
relation is responsible for the inaccuracies in the three-colour half-tone 
method ; and refers to the application of such knowledge in the present 
great extension of *' offset ” lithography. The method of experiment 
is described, and the experimental results are given in graphical form. 
An examination is made of some component printings, and the effect 
of printing with ideal inks is considered in relation to the experimental 
results. The general conclusions arrived at arc that in the course of 
reproduction certain definite changes of colour occur. (I) The blues 
become darker and greyer. (2) Blue greens lose their greenish hue. 
(3) Greens become darker and greyer. (4) Pinks become a yellow hue. 
(5) Mauves become brown. (6) Reds lose any bluish tint they may 
possess. (7) Yellows are lightened without change of hue. while oranges 
and browns are well reproduced. (8) No change in the character of the 
reproduction takes place with variation of toue with the colours yellow, 
blue, and green. (9) In the scale of tones from black to white there is 
a tendency for the middle tones to become reddish. (10) The lightening 
of yellow in reproduction is due to a very light yellow printing ink being 
used. (11) The inks are transparent enough for the usual effect of super¬ 
posed printings to be capable of approximate calculation. (12) The 
major errors of the reproduction can be removed if each ink absorbs 
one of the three primary regions only. The author concludes by stating 
that there is little immediate hope of supplying printing inks of the re¬ 
quired theoretical character, and that it will be necessary to devise suitable 
methods of correction as the method of three-colour printing is extended 
into fresh fields. A. W. J. 

76. Rotatory Dispersion in Fluorescent Solutions. A. Carrclli. 

(Accad. Lincei. Atti. 32. i. pp. 272-277, March 18. 1923.)—Ethyl- 
alcohol solutions of quinine chloride, sulphate and bisulphate do not show 
a circular dichroism in the fluorescent emission analogous to that found 
by Cotton in absorption. The addition of a few drops of sulphuric acid 
increases not only the fluorescence but also the rotatory power. The 
three salts give effects which differ in detail; and the fluorescence in them 
seems related, according to Perrin’s theory, to a molecular modification 
brought about by the action of light. A. D. 

77. Destruction of Fluorescence by Ultra-violet Light. (Miss) F. M. Cale. 

(Roy. Soc. Canada, Trans. 16. Sect. 3. pp. 257-263, 1922.)—Measurements 
of the decrease of fluorescent intensity in a solution of aisculinc exposed 
to ultra-violet light. After the solution was once exposed it continued 
to decay although kept in absolute darkness. On exposure to u.-v. light 
the rate of decay decreased very rapidly at first, then steadily. On 
recommencing the exposure after an interval of several hours, the rate 
of decay was more rapid than before the interval. Ozone caused a very 
rapid decay, producing a solution similar to that transformed by u.-v. 
light. . A. D. 

78. Polarised Phosphorescence. A. Carrelli and P. Pringsheim. 
(Zeits. f. Physik, 17. 4-5. pp. 287-291, 1923.)—It has been found by simple 
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methods of observation that the phosphorescent radiation of a solid 
solution of eosin in gelatine is partially polarised if it is excited by linearly 
polarised light. The degree of polarisation of about 21 % is practically 
independent of the time which elapses between excitation and the moment 
of observation. J. J. S. 

79. Fluorescent Tubes. Radiations which Excite Fluorescence. Risler. 
(Soc. Fran 9 , Elect., Bull. 3. pp. 293-306, July, 1923.)—The object of this 
paper is the production of the phenomena of fluorescence by different 
radiations arising in mixtures of rarefied gas at the most suitable pressure. 
After analysing the effects produced by the sources of energy which 
bring about these phenomena, such as X-rays, kathode rays, etc., researches 
aTc described showing the results obtained with an electric discharge by 
a high-frequency current through tubes of rarefied gas and pointing out 
the action of different gaseous mixtures upon the fluorescent screens. 
After having explained the difficulties met with from the point of view 
of the formation of the tubes, the author enumerates the industrial appli¬ 
cations arising out of the results of this work. A. E. G. 


80. Changes in Spectral Lines. C. Fiichtbauer, G. Joos, and O. 
Dlnkelacker. (Ann. d. Physik, 71. 1-4. pp. 204-227, May 23, 1923.) 
—Changes in the breadth and form of the absorption line Hg 2637 on the 
addition of a range of foreign gases under a wide range of pressures ; 
the law of increase of the line-breadth with increasing density of the 
added gas ; the dependence of the absorption (reduced to equal atomic 
numbers) on the density of the added gas. and the absolute values of 
the absorption so reduced. Displacements of the maximum of absorption 
lines towards greater wave-lengths, with increasing density of the added 

A. D. 


81. Standards for Short Wave-lengths. S. K. Mitra. (Annales de 
Physique, 19. pp. 316-339, May-June, 1923.)—The author finds copper lines 
2369*891, 2303*134, 2276*261. 2242*622, 2218*107. 2189*631. 2148*897, 
2126*047, 2112*105. and a tin line 2334*816 in a gap between the copper 
lines. A r-v 


82. A Second Approximation to the Quantum Theory of the Simple 
Zeeman Effect and the Appearance of New Components. A. M. 
Mosharrafa. (Phil. Mag. 46. pp. 614-524, Sept.. 1923.)—In a previous 
paper [see Abstract 1133 (1923)] a first approximation to the theory of the 
simple Zeeman effect was put forward, based on the extended form of 
the quantum restrictions. It was found that the method of separation 
of the variables could be successfully applied in the presence of the field H. 
provided all terms of higher order than the first in H were neglected. 
!n this paper it is shown that the method can still be applied, without any 

wK^l Ctl ° n “ t0 degree ° f approximation, to a hypothetical motion 
which possesses the same energy as the actual motion, and a second 

the thc ° ry of the sim P le Zeeman effect is worked out. 
The analysis takes account of the refinement of relativity, but it is shown 

with that S nf C< th TlT G ^ t ° £ this re finement is negligible compared 
fidd ‘ The theor y P redi cts a modification in the simple 
eeman triplet which may be described as a splitting of each of its 
components into a number of "sub-components.” The general 
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character of these sub-components is discussed. The results are worked 
out fully in the case of Hy for a hypothetical field of 10° Gauss, where 
second-order displacements ranging from -f • 03 A to — 1 • 27 A are 
predicted. 

f r + _ 

An appendix derives the value of V(l — f}-dt) for the llolir- 
Sommerfeld atom, where T* is the time from ifi = o to ip — 27T. 

II. II. Ho. 

83. Open-Spark Spectra in Chemical Analysis. C. A. v. Welsbach. 

(Ann. d. Physik, 71. 1-4. pp. 7-11, May 23. 1923.)—Open-spark spectra 
are highly characteristic of the element, and in the case of the rare- 
earths it would be difficult otherwise to detect them. It is remarked 
that more general use of spectroscopy in chemical analysis would be 
advisable. A. C. M. 

84. Fluorescence and Absorption Spectra of the Alkalies. J. C. 
McLennan and D. S. Ainslie. (Roy. Soc., Proc. 103. pp. 304-314, 
May 3. 1023.)—The alkali metals were distilled from a mixture of the 
chloride of the metal with calcium turnings, into the experimental 
pyrex bulb; during the process the bulbs were kept exhausted by a 
Langmuir pump. The bulbs were heated in an electric furnace, the 
spectra were recorded with a Hilgcr constant deviation instrument. 
Observations in the near infra-red were made with plates dyed with 
dicyanin A. 

A channelled absorption spectrum is found for potassium, similar to 
that possessed by sodium. There are two regions, one of wave-length 
longer than the first member of the doublet series of K, and one near to 
the second member. 

Rubidium has a fluorescence spectrum consisting of bands, whose 
positions were measured. No absorption spectrum could be found in 
the neighbourhood of the first two members of the doublet series. 
Caesium has now been shown to have a channelled absorption 
spectrum on the short-wave-length side of the first member of the doublet 
series, and to possess a fluorescence spectrum in the near infra-red 
region not yet resolved into bands. The absorption spectrum has a 
wave-length distance between the bands which is a simple multiple of 
24 A.U. Preliminary results with lithium suggest a channelled absorption 
spectrum between A = 4000 and A = 3000. These were shown in a 
vacuum arc between lithium electrodes. A. C. M. 

85. The Ultra-Violet Arc Spectrum of Copper in Aluminium. X. 

Wach6. (Comptes Rendus, 177. pp. 39-41. July 2, 1923.)—An investi¬ 
gation carried out with varying proportions of copper in the alloy. At 
00 per cent, of copper the copper spectrum was complete, and so was the 
aluminium spectrum ; but the aluminium spectrum began to die out at 
about 80 per cent, of copper. As the percentage of copper is reduced, 
the copper lines successively fade out; those which persist longest are 
those which resist the introduction of increasing self-inductions in the 
discharge circuit. , ' A. D. 

86. Combinations and Terms in the Helium Band-Spectrum. A. 
Kratzer. (Zeits. f. Physik, 16. 5-6. pp. 353-366, 1923.)—Curtis 
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[Abstract 1606 (1922)] has shown relations to hold between certain lines 
in the band-spectrum of helium in the regions AA6400, 4546 and 5730. 
The author holds that these combination-relations uphold his own theory, 
and disagree with that of Curtis. A general investigation is made, and 
it is concluded that the bands AA6400, 4546 belong to the same system 
of electrons, the only difference being that a higher quantum-number is 
to be associated with the more refrangible band. The third band, A5730, 
has the same end-term as the other two, but belongs to a different system ; 
so that in Helium there are at least two different systems of bands. The 
calculations lead to an upper limit for the moment of inertia of the 
helium molecule, and it is exceedingly small. A. C. M. 


87. The Arc Spectrum of Celtium. J. Bardet. (Comptes Rendus, 

176. pp. 1711-1712, June 11, 1923.)—A detailed enumeration of the 
wave-lengths from 2300 to 3500 U.A. A. D. 

88. Grouping of Lines of Secondary Spectrum of Hydrogen. K. 

Basu. (Phil. Mag. 46. pp. 417-420. Sept., 1923.)—Since the secondary 
spectrum of hydrogen is probably molecular, Bohr’s relation hv = W 
(heat of ionisation), based on the analogy of the atomic spectrum, does 
not apply, for H 2 -gas is transparent to A = 3600 A.U., the limiting 
frequency, and its secondary spectrum extends to A = 3300. The 
author investigates whether any of the lines are due to two hydrogen 
nuclei at a definite distance (assumed as l x 10“ 8 cm), with an electron 
revolving about them, and finds several coincidences, but suggests that 
another assumed distance might have afforded as many other coincidences. 
He concludes that it is premature to solve the problems of Na or Cl or 
the numerous theories of mono-molecular reaction, based on the Bohr 
rule - A. S. D. M. 

89. The Influence of Foreign Gases on the Secondary Spectrum of 
Hydrogen. S. Barratt. (Phil. Mag. 46. pp. 627-629, Oct., 1923.)—It 
has long been known that the presence of foreign gases in a hydrogen 
vacuum tube enhances the Balmer series relatively to the secondary 
spectrum of hydrogen. This has been especially observed in the case 
when helium is present m the vacuum tube. Experiments with argon 
and with oxygen have now been made, and are described in this paper. 
It was found that argon alters the distribution of intensity in the secondary 
spectrum, but that the effect is much smaller than that produced by the 
same pressure of helium. The effect of oxygen was studied by an 
examination of the spectrum given by water vapour. In this case the 
Balmer senes axe strongly developed while the secondary hydrogen 

n^^ro^n ng TK enOU f * *photographed. though weaker than in 
k J he ,ntensit y distribution in the secondary spectrum 

is unaltered by the presence of oxygen. J J S. 

in V'vtut M “£> d °f Ending the Balmer Series of Hydrogen 

Oct IBmT Th iddiDe,0n - (Phil - Ma S- 46. pp. 605-607, 

tocharee 7 ^gen primary spectrum in the usual vacuum-tube 
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(1) at a much lower pressure and ( 2 ) bombarded continuously and 
intensely by electrons from the hot interior of the star. These conditions 
have been partially reproduced in the laboratory by using a vacuum 
tube with a pressure below 1/1000 mm. of mercury in conjunction with 
a hot kathode of tungsten wire. With the kathode cold the discharge 
would not pass at this pressure, but when it was glowing hot a brilliant 
discharge passed, a current of several hundred milliampcrcs being 
possible. Photographs of this discharge showed that the intensity of 
the Balmer series was increased relative to the secondary spectrum and 
a considerable number of Balmer lines extending into the violet appeared. 
Of the primary series 19 or 20 members were traced and the relative 
intensities of 8 to y, y to {$ and /? to a were enormously increased. The 
first condition above causes the comparative isolation of the radiating 
atom and consequently the realisation of its possible outer orbits, and 
with the second condition there is greater opportunity of combination 
of the positive hydrogen ion with an electron rather than a negative 
hydrogen ion. J. J. S. 

91. Regularities in the Arc Spectrum of Iron. F. M. Walters, Jr. 
(Washington Acad. Sci.. J. 13. pp. 243-252, June 19. 1923.)—Tabulated 
observations of wave-lengths and a preliminary analysis of complex 
multiplets [Catalan, see Abstract 2411 (1922) among these.) A. D. 


92. Synunetrical Series of Lines in the Iron-Spectrum. A. Hagenbach 
and H. Schumacher. (Ann. d. Physik. 71. 1-4. pp. 19-40, May 23. 
1923.)—Four symmetrical series (in two sets of two pairs) have been dis¬ 
covered in the iron-spectrum, one group running off into the. violet, and 
the other into the red. Frequencies and not wave-lengths are employed. 
The scries can be expressed by three constants, and one variable, viz .: 


Group I, v 
Group II, v 
Group III, v 


=» 194.727 ± 
= 194,820 ± 
= 271,515 ± 


11,412 . m* 

(m* - 1 • 3544 mi + 13 -681)- 

_ 11,743 ■ tn* _ 

(m- - 0-5038 m -f 5-7173)- 

6,735 m * _ 

(m* - 0-384 m + 6-48)- 


Group IV, v'= 271,688 ± 


_ 6136 m« _ 

(m 2 - 1-20279 m + 10-4354)- 


where m = 2, 3, 4, . . . except in Group I, in which m= 3, 4, 5 . . . 

The effect of pressure and the Zeeman effect are also discussed. 

A. C M. 


93. Spectral Lines of Iron. H. Nagaoka and Y. Sugiura. (Nature, 

112. p. 359, Sept. 8, 1923.)—A preliminary account of quadruplets in 
the iron arc. Details to be published in the Japanese Journal of Physics, 
vol. 2. . A. D. 

94. Effect of Metallic Surfaces on Spectra of Mercury, Cadmium, 
Helium and Oxygen. L. Janicki and E. Lau. (Ann. d. Physik, 71. 8. 
pp. 662-666, June 19, 1923. From the Reichsanstalt).—Mercury droplets 
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on the inside of a vacuum tube containing H at 0 -1 mm. pressure intensify 
the secondary spectrum, and also a mercury band-spectrum can be 
observed. Experiments were made which showed that a semi-transparent 
inner coating of silver had a similar effect. A discharge through mercury 
vapour in a silvered tube produced the band-spectrum ; also in cadmium 
vapour the band-spectrum of cadmium was intensified. In oxygen a 
similar effect was observed ; but with helium there was no effect. 

A. C. M. 


95. Spectra of Ionised Potassium and of Argon. P. Zeeman and 
H. W. J. DIk. (Ann. d. Physik. 71. 1-4. pp. 199-203, May 23. 1923.)— 
Ihe spark spectrum of potassium vapour corresponds closely with that of 
argon, with constant differences. \ r> 


96. Spectra of Rare Earths. J. M. Eder. (Ann. d. Physik. 71. 1-4. 
pp. 12-18, May 23, 1923.)—The spectra of Yttrium, Erbium, Thulium, 
Cassiopeium ( = Lutecium), Aldebaranium ( = Neo-ytterbium) Samarium. 
Europium. Gadolinium. " Eurosamarium.'* Terbium. *' Welsium,'' and 
Hohnium are discussed. Eurosamarium and Welsium were discovered 
and named by the author. For the most part the arc was used, with a 
concave grating. Thulium and Terbium are considered to be elements 
definitely, while Samarium is doubtful. A. C. M. 


97. Structure of the Neon Spectrum. A. Land6. (Zeits. f. Physik, 17. 
4-5. pp. 292-294, 1923.)—A discussion of the peculiarities of the spectTum 
of neon. It appears that the neon terms form the beginning of a quintet 
system, of two triplet systems, and of a singulct system. It seems that 
in the case of neon not only the Lj terms but also the 1^ terms are due 
to the expulsion of the luminous electron from the 2 2 ~ layer. In the 
Zeeman effect of neon support is given to the author’s view of the nature 
of the Rdntgcn term positions according to which both L, and Lo come 

SfTe 2 shell °' the ** She " a,,d 0nly ** “ ,r0,, 8 h d ‘ st " rl ™nce 

J. J. s. 


... 98 / N'V X-Ray Secondary Radiation. W. Bothe. (Zeits. f. 

exnerfmen.s’n 6 ? P ' ? 19 " 820 ' 1923 From the Reichsanstalt.)—Describes 
X l condensation by ionisation after the Wilson method, 

the^C rav hZlel'lh 8 ‘ h * 10nisation a S™t. The photographs of 

formation the anth .‘M C ° UrSC 5ma " er bal ‘-' sl >aped clouds whose 
formation the author attributes to secondary atomic H radiations the 

tharTthe mder olTm" U 8 't ^ ^ abSOr P U °" «*** is -t gmater 

P oven and oronoses , 6 - ^ aUtl ‘° r rc “Smses his theory is not 

proven, and proposes to carry out other experiments to obtain conclusive 

B. J. L. 

29. pp. 2 9 l?of "tlf F - K6rbe - R'ektrochem. 

which occur with 19 * 3 )—Reference is made to changes in metals 

structure and Je, 1 * " 6 varia,ions d “ a <° a change in crystalline 

may C be r tnvestieated a h 8ement the a '° mic s P ace S rid The "changes 

meter and eJtensf by , means of the Debye and Scherrer X-ray spectro- 

gators and oartirnlt e [^ nCe 1 lJ nade to the results of previous investi- 

phenomena of mpt \* V The author has investigated the shear 

Phenomena,metalsof the cubical system and part f cularly of pure 
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aluminium. Previous work in this connection is extensively mentioned, 
and the author concludes by giving in tabular form his experimental 
results with very many spectrographic photographs by both the Pane 
and the Dcbyc-Scherrer methods. H j j, 

100. Reflection of X-Rays from the Fluorite Crystal. M. Ynmada. 
(Tohoku Univ.. Sci. Reports. 11. pp. 447-450. Dec., 1922. In English! 
Sixty-ninth Report of the Iron and Steel Research Inst.)—In an 
investigation on the reflection of X-rays by fluorite. Pealing (Abstract 1 :ix 
(1922)] found that the third order reflection from the (loti) plane wlmh 
should vanish owing to the alternating layers of calcium and of fluorine 
atoms is stronger than the first order reflection. This fact was con¬ 
sidered as confirmation of the Lewis-Langmuir theory of the displace¬ 
ment of valency electrons in the compound. The present author shows 
that the abnormality can be explained without the aid of this theory. 
It is shown that with increasing glancing angle the power of the X-ray 
reflection of fluorine atoms decreases more rapidly than in the case of 
the calcium atoms. In the (100) plane of fluorite the alternate planes 
Ca and F have nearly equal surface density, and their reflecting power 
must be approximately the same so that odd order spectra should vanish 
Owing to .the fact that the reflecting power of the F layer decreases 
more rapidly than that of the Ca layer with increasing glancing angle 
the balance is destroyed, with the result that odd order spectra can 
appear in the higher order reflections. By tracing the relation between 
the glancing angle and the reflecting power of the planes, it is shown 
that a maximum of intensity occurs at 0 «= .38° or nearly the angle of 
the third order spectrum. In arriving at these results a plane ring dis¬ 
tribution of electrons in the atom is assumed but no correction is made 
lor the orientation of atoms in each of the atom groups. It is pointed 
out that the same result would be obtained if it were assumed that the 
electrons were distributed in spherical shells. 

The calculated value of the intensity of the third order reflection is 
larger than the experimental value. It is suggested that this may be 
due to the effect of thermal vibration of the atoms which would tend to 
dimmish the intensity of X-ray reflection at large glancing angles. 

E. A. O. 

101. Low-velocity X-Ray Electrons. L. Simons. (Phil. Mag. 46. 

pp. 473-480. Sept., 1923.)—Whilst studying the absorption of X-ray 
electrons in various gases certain peculiarities in the absorption curves 
n R aUth ° r t0 conc,ude that groups of electrons, as predicted by 
i ’ 2 Rlchardson ' possessing speeds less than that given by the equation 
jwy = hv where v is the maximum frequency of the incident radiation, 
played an important role in electronic emission. Further work on the 
k the WritCr t(SCe Abstract 880 (1921)] and by de Broglie and 

by Whiddmgton showed conclusively that the maximum speed of each 
sub-group could be represented by the equation \mv 2 = h(v - v 0 ) where 
v° represents the frequency of the radiation associated with the level 
within the atom from which the electron is ejected, the value of which 
is determined from a knowledge of the X-ray spectrum of the element 
emitting the electrons. The validity of this equation has been con¬ 
firmed in the region of y-ray frequencies by Ellis [see Abstract 1638 
(1922)]. In the present experiments a retarding electrostatic field 
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method is employed, such as is described by Richardson and Brown in 
their study of the distribution of the normal component of the velocity 
of thermions emitted from a comparatively small surface of hot platinum 
towards an extensive plane opposite. In the corresponding X-ray experi¬ 
ment the electronic currents measured were necessarily much smaller 
and, moreover, no variation of the opposing electrostatic field, caused, 
for example, by the charging of an electrometer, could be allowed for 
during a run. A " null ” method of employing a tilted electroscope 
was. therefore devised and other precautions employed that are also 
described. Diagrams of the apparatus used are given. It is shown 
that the normal component of the velocity of over 85 per cent, of the 
electrons emitted from a gold film under the influence of a heterogeneous 
beam of X-rays is less than 2 volts. The distribution with velocity 
bears a relationship to that of the thermions from a hot body. It is 
argued that the mode of production of these slow electrons can scarcely 
be due to atomic recoil consequent on the ejection of a rapid /3-ray nor 
to the action of the transformed X-ray energy into energy of longer 
wave-length. The analogy with the thermionic process probably arises 
from the fact that in both cases only the outermost system of electrons 
take part in the action, though the mechanism of the two processes 
must differ considerably, in the present case the intermediary being the 
rapid primary /3-ray. The distribution with velocity of the electron 
atmosphere, from the point of view of thermionics in the case investigated, 
corresponds to a temperature of 11,000° abs. The importance of investi¬ 
gating, under all conditions, the correspondence between the two processes 
is therefore urged. A. E. G. 


RADIO-ACTIVITY. 

102. Chemical Action of Radium Rays. A. Kailan. (Akad. Wiss. 

Wien, Ber. 130. 2a. No. 6. pp. 317-328, 1921.)—Tests of actions and 
secondary reactions. The effect is, ctrteris paribus, several hundred 
times smaller than that of a mercury lamp. A. D. 

103. Scattering of X- and y-Rays by Rings of Electrons. Effect of 

Damping of the Incident Radiation. G. A. Schott. (Roy. Soc., Proc. 104. 
pp. 153-164, Aug. 1, 1923.)—Could damping of the incident radiation 
account for the abnormally small scattering of hard y-rays by aluminium, 
iron and lead observed by Ishimo ? Mathematical investigation. The 
answer is in the negative. A. D. 

104. Penetration of Radium Emanation Nuclei. E. Rie. (Akad. 
Wiss. Wien, Ber. 130. 2a. No. 6. pp. 293-299. 1921.)—The average depth 
of penetration in electrolytically deposited copper or nickel is 10 /x/x. A. D. 

105. The y-Rays of Uranium X Ascribed to Uranium AT, and 
Uranium U 2 . O. Hahn and L. Meitner. (Zeits. f. Physik, 17. 3. 
pp. 167-167, 1923.)—Meitner has shown that the analysis of the /3-ray 
spectrum of UX, leads to the assumption that this substance emits no 
nuclear y-radiation. and that what is measured as y-radiation is the 
characteristic X-radiation, particularly that from the K level of the 
UXj atom, which is identical with that of its isotope thorium. To 
confirm this accurate absorption curves of the y-rays of UX (UX, + UX 2 ) 
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have been obtained by the authors, and a division of the separate y- ray 
groups between UX 4 and UX 2 has been attempted. The logarithms of 
the activity, as measured by an electroscope, after passing through 
different thicknesses of lead, were plotted against the thickness of the 
absorbing layer ; and by a graphical process of analysis, assuming that 
for each kind of y- ray present the intensity diminished exponentially 
in passing through the lead, the total y-radiation was analysed into 
three different groups, the constants of which were determined. The 
group of mean hardness was identified with one measured by Soddy 
and Russell by absorption in aluminium : Richardson wrongly supposed 
it to be the most penetrating y-radiation of UX. By .a suitable method 
of chemical separation it was possible to assign the y-ray groups to the 
substances UX 1 and UX 2 , and it was thus proved that UX x has no 
penetrating, nuclear, y-radiation. but only emits the characteristic 
X-rays from the K and L levels ; the L-radiation was not observed by 
the authors, but has been found by Richardson by another method. 
The two groups of penetrating nuclear y-rays belong to UX 2 . II. N. A. 

106. Bccquerel Rays and Photographic Plates. K. Przibram. (Akad. 

Wiss. Wien. Ber. 130. 2a. No. 6. pp. 271-277. 1921.)—Confirms E. 
Miihlestein’s results that a-rays pit the gelatine and produce solarisation 
and. in addition, finds blackening. The same results arc caused by 
fi- and y-rays. The differences consist in the proportion of energy 
absorbed expended in producing these effects. A. D. 

107. Distribution of Lengths of Rays. Irdne Curie. (J. dc Physique 

ct le Radium. 4. pp. 170-184. May. 1923.)—The lengths of a-rays from 
polonium are distributed according to a probability law. except the 
shortest, which are in excess. The most probable length in air is 
3-85 cms. at 16° C. and 760 mm. The law of probability is the same 
as that theoretically deduced by Bohr (Abstract 1720 (1915)]. Bragg's 
supposition confirmed, that the ionising power of the individual a-rays 
passes through a maximum shortly before the end of the course and 
then falls off rapidly. Divers interpretations are suggested for the 
behaviour of those rays whose course is short. A. D. 

108. Relations between Radio-activity, Temperature and Sulphuration of 
Springs in Bagnires-de-Luchon. Explanatory Hypothesis. A. Lepape. 
(Comptes Rendus, 176. pp. 1908-1910, June 25, 1923.)—The waters of 
about thirty springs in the vicinity of Bagndres-de-Luchon have been 
analysed for their sulphur and radium content. The following conclusions 
are drawn from the analysis : (1) Springs which emerge from schists are 
less radio-active than those which have their origin in granite ; (2) gener¬ 
ally, the lower the temperature, the greater the radio-activity; (3) the 
sulphur content generally increases with the temperature ; (4) for some 
of the springs examined, the radio-activity varies inversely as the tempera¬ 
ture and the sulphuration ; for others the radio-activity appears to vary 
inversely as the temperature and directly as the sulphuration. The 
observations show that there are two kinds of spring water in the district 
surveyed : (a) that from a depth having a high temperature and high 
sulphur content, but practically non-radio-active, and (6) that from the 
surface, either cold or tepid, containing no sulphur, but very radio-active. 
The existence of water which is sulphurous and radio-active is accounted 
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for by the fact that the above two kinds of water have access to each other 
through fissures in the ground. E. A. O. 

109. Researches on the Constant of Polonium. S. Maracineanu. 
(Comptes Rendus, 176. pp. 1879-1881, June 25, 1923.)—The values hitherto 
found for the period of polonium vary between wide limits, namely, 134-6 
to 143 days. The cause of this variation has been tracked down by 
the author to the penetration of the polonium in the substance on which 
it is deposited. Eliminating this source of error, concordant results 
have been obtained, the half-value period (r) being 139-6 days (and the 
radio-active constant (A) 4-96 x 10” 3 per day). This value agrees with 
the period 140 days found previously by Mme. Curie [see Abstract 627 
(1906)]. In general, to obtain good results for the periods of radio¬ 
active substances, it is recommended that they be deposited on glass and 
not on metal plates. Heating and the use of large quantities should also 
be avoided. E. A. O. 


110. The Period of Protactinium. J. H. Mennle. (Phil. Mag. 40. 
pp. 675-685, Oct., 1923.)—The period of protactinium was determined 
by comparison with that of ionium. The protactinium, and also the 
ionium, which had grown since 1909 in a large quantity of uranyl nitrate, 
purified in that year by Soddy, were separated, and their activities 
measured. Several different chemical processes were employed, the 
final method depending on the fact that ionium and its isotope UX are 
sparingly soluble in HF. The a-ray measurements were made in a special 
electroscope, designed to enable a small a-radiation to be measured in 
the presence of the intense /3-radiation of UX ; the preparations were 
placed in a small tray, below the electroscope, and separated from it 
by a very thin sheet of aluminium foil ;* on either side of the tube or 
box, at the bottom of which the tray was placed, were the poles of an 
electromagnet, by means of which the /3-rays could be deflected, so that 
they could not enter the electrometer; a mica screen, just thick enough 
to cut off the a-rays without appreciably affecting the B- and y-rays 
could be moved across the opening into the electroscope, by means of a 
rack and pinion; the electroscope was filled with hydrogen; this has 
the effect of diminishing the ionisation due to the B- and y-rays and gives 
greater range to the a-rays. Instead of attempting to work with very 
thin layers of preparation, so as to avoid the effects of internal absorption, 
it was necessary, on account of the limited area available for the tray 
between the magnet poles, to use preparations of more than the limiting 

a " ,ncrease ° f ‘h^ness does not affect the sur¬ 
face activity , and this surface activity multiplied by the weight of the 

“ ?J°P° rtional to ‘he total activity of the material; 

be consul T? “““derations involved the original paper should 

Pa *££££ nle'nT" ' ° btained for the av erage life period of 
a, omitting one preliminary measurement, was 18 000 vears which 

fTn 7??000 tO ^T:? Ue Peri0d ° f 12 ' 600 ~ Hahn y and M:itner 
peri^ Y hC mCan ° f three ^terminations of the half-value 

H. N. A. 
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111. Disappearance of the Filament and Diffraction Effects m Improved 
Forms of an Optical Pyrometer. C. O. Fairchild and W. H. Hoover. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 7. j>p. 543-570, July, 
1923.)—The precision, accuracy, and wide range of usefulness of the 
disappearing filament optical pyrometer depend on perfect disappearance 
of the filament with high resolving power and magnification by the eye¬ 
piece. Older forms have not accomplished this. Non-disappearance of 
the filament is caused by diffraction, and. if the filament is a wire, by 
reflection at its edges. Perfect disappearance of a flat filament with sharp 
edges is obtained by using an entrance aperture sufficiently large compared 
to the exit aperture. A round filament is made to disappear by decreasing 
the entrance aperture until diffraction and reflection nearly balance, 
in their effects at the filament. 

An extensive study of diffraction revealed the fact that diffraction 
by an obstacle in an image plane is a special case which has not been 
previously recognised as such. It is shown that a new law of diffraction 
is consistent with theory and experiment, vis. of light incident on an 
obstacle in an image plane, only that component is diffracted which 
represents the diffracted rays radiating from the edge of the aperture. 
Thus with the flat filament there is no visible effect of diffraction if the 
aperture of the observing eyepiece (exit aperture) is far outside the shadow 
of the entrance aperture. Precise measurement shows that when the 
filament is made properly to disappear, the ratio of brightness of filament 
and image when an apparent match is obtained, is unity. 

A laboratory form of the pyrometer is described, which has been used 
with success as a tele-pjn’ometcr and as a micropyrometer. Two special 
improved forms of micropyrometer, or microphotometer arc described 
in principle. [See Abstract 595 (1922).] E. G. 

112. Evaporation of Carbon. Wertenstein and Jedrzejewski. 
(Comptes Rendus, 177. pp. 316-319, July 30. 1923.)—In order to ascertain 
whether the blackening of the bulb of an incandescence carbon filament 
lamp is due to evaporation or pulverisation of the filament, the authors 
have investigated the variation of the rate of evaporation of the filament 
with the temperature. After being heated to a definite temperature, 
the filament was weighed and its diameter measured microscopically. 
The blackening is found to be due to sublimation, the loss of carbon from 
the filament increasing rapidly and linearly between 2800° and 3500° abs., 
whereas for disintegration the temperature coefficient would be inappre¬ 
ciable. Confirmation of this conclusion is found in the fact that the 
sublimates formed over the above range of temperature are distinctly 
crystalline, the symmetry being trigonal. For the pressure of saturated 

47,000 

carbon vapour the following expression is deduced : log p= 14-87-—— 

— 0-75 log T, p being in mm. of mercury. Extrapolation from this 
formula gives for the absolute boiling-point of carbon the value 5100°, 
which is appreciably higher than the temperature of the positive crater. 
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The atomic heat of sublimation of carbon, referred to the absolute zero, 
is 216,000 cals. T. H. P. 

113. The Thermal Conductivities of Metal Crystals. I. Bismuth. 
G. W. C. Kaye and J. K. Roberts. (Roy. Soc., Proc. 104. pp. 98-114, 
Aug. 1, 1923.)—Previously all accurate measurements of the thermal 
conductivity of metals have been made on bars of heterogeneous structure. 
It was thought desirable to compare the values so obtained with the more 
fundamental ones given by single crystals. A " plate " apparatus has 
been used which makes it possible to measure thermal conductivities as 
high as 0 02 e.g.s. with an accuracy of about 1 %, using specimens 2 cm. 
by 1 cm. in area and about 1 or 2 mm. in thickness. The thermal con¬ 
ductivities of single crystals of metallic bismuth have been determined 
in directions parallel and perpendicular to the trigonal axis. The values 
found at 18° C. were in e.g.s. units : 


Thermal conductivity of bismuth parallel to trigonal axis .... = 0 0152 
Thermal conductivity of bismuth perpendicular to trigonal axis = 0 • 0221 
Ratio of conductivities .•. = 1-39 

If a random distribution of crystals is assumed, these figures give a 
mean conductivity of 0-0195, which agrees well with the value 0 0193 
obtained on bars by Jaeger and Diesselhorst in 1899. E. G. 


114. Tables and Diagrams for Water Vapour Computed on the Basis 
of its Specific Heat. O. Knoblauch, E. Raisch, and H. Hausen. 
(Mech. Engineering, 45. pp. 638-540, Sept., 1923.)—Gives a diagram of 
the determinations of the specific heat of water made recently by Knob¬ 
lauch and Raisch at the Munich Technical School. It is claimed that an 
equation for the specific heat, C p, has been derived, of simple character, 
with pressure and temperature as magnitudes of the first power only. 
Two steam tables computed from the specific heat are shown. 

W. N. Y. K. 


115. Relations Concerning the Internal Heat of Vaporisation. J. E. 
Mills and P. K. Smith. (J. Phys. Chem_27. pp. 301-321, April, 1923.)— 
The equation p'y/d + CRT log v = p '#D + CRT log V has been tested 
for twelve substances from 0° C. to the critical temperature and has been 
found to be a remarkably exact equation whenever /z'v D is greater than 
3/2 RT. In the above, d is the density of the liquid, D that of the saturated 
vapour, T is the absolute temperature, v is the volume of one gramme 
of the liquid, V is the volume of one gramme of the saturated vapour, 
h' and C are constants for any particular substance, and R is the gas 
constant. [See also Abstract 766 (1910).] E. G. 


il6 -' lhe Differential Form of the Equation of State and its Application. 
V. Fischer. (Ann. d. Physik. 71. 8. pp. 591-602, June 19. 1923.)— 
This is a continuation of previous work [see Abstract 1427 (1923)]. The 
author • develops certain general equations and then uses Bridgman’s 
experimental results (Am. Acad., Proc. 47. p. 432, Table xiii, and p. 639, 
Table xxxi, 1912) to test his results, and finds a partial agreement. The 
principal results obtained are T(di//dT)* = T ftp) = v — ti = v — ftp) .. (1) • 

T( W T,„ = T/(u) = p + W .. (2) ; and (n-,3,/(*>+*) = - (i./WT .. (3)', 
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which last equation becomes for a perfect gas v/p — — (dt/D/>)T. since 
P = w = 0. No. (1) represents the equation to an isobar in the v, 1 
diagram ; (2) a line of constant volume in the p. T diagram ; and (3) is 
the equation to an isothermal in the p. v diagram. A table of values of 
P and Dt'/DT is then given calculated from Bridgman's results. Finally 
an integral form of the equation of state is obtained. Starting with the 
general equation C, - C v = AT(bv/bT) p (bp/bT) v , and using (1) and (2) 
above we get T(C* - C*) = A(u - P)(p + it). or T . r = A(v - p)(p + t t) 
where r is put for G p — C*. We can calculate r directly from this 
equation if we have found p and n. We can. however, obtain the value 
of r from Bridgman’s results since by using the above general relation 
and the equation, {*plbv) T (bv/bT) p {bT/bp) v = - 1. we get. 

r = - AT . (iv/JT)J/(Di-/D/>) r . 

For mercury r is found to have a nearly constant value. = 0 0036. 
For water r has a maximum value at pressures between 6000 and 6000 
atmospheres. T. B. 

117. The Equation of State for Pure Nitrogen, Gas Phase. L. B. Smith 

and R. S. Taylor. (Am. Chem. Soc.. J. 45. pp. 2107-2124. Sept.. 1023.)— 
The constants for the equation of state for atmospheric nitrogen based 
on the data of Amagat have been published by Keyes. The purpose of 
the present paper is to provide accurate data from which the fundamental 
constants for pure nitrogen may be deduced. The nitrogen was prepared 
by heating a mixture of ammonium sulphate and potassium nitrite in 
solution. Extreme care was taken in the purification of the gas. The 
pressures obtained arc lower at about 90 atm. by 0-6 % than those given 
by Holborn and Otto, but this was not found to be the case until the 
'* pure " nitrogen chemically prepared had been fractionated to remove 
traces of nitric oxide. Over a range of temperatures from 0° to 200® C.. 
and 30 to 330 atmospheres pressure, the data were well represented by 
the Keyes equation of state, pv = RT . v/{v - 8) - Av/{v + /) 2 [sec 
Abstracts 858 (1917), 351 (1922)]. The equation obtained for pure 
nitrogen is = 2-92865T/(v - 8) - 1623-63/(t/ + 0-2954) 2 , where 
log 8 = 0-18683 — 0-3113/v. The weight of a litre of nitrogen at N.T.P. 
was calculated from the equation of state to be 1-2509 gm. as compared 
with the generally accepted value of 1-2507 gm. The compressibility 
coefficient at 0° is found to be 0-00061 as compared with 0-00056 from 
Holborn and Otto’s equation and the work of Raleigh, and 0-00043 and 
0- 00044 from Chappuis and Maverick, respectively. Owing to the extreme 
accuracy with which an observer must work in order to obtain any per¬ 
centage accuracy for this coefficient, the agreement is as good as can be 
expected. • ' T. B. 

118. Melting-Point of Ice on the absolute Temperature Scale. L. B. 
Smith and R. S. Taylor. (Am. Chem. Soc.. J. 45. pp. 2124-2128. 
Sept., 1923.)—The expansion coefficient, c, for a perfect gas has been 
calculated by Keyes [see Abstract 729 (1920)] using data from Chappuis, 
Day and Clement, and others, and the equation of state which he based 
on Amagat’s data for atmospheric nitrogen. Since then Henning and 
Henning and Heuse have published work on expansion coefficients for 
nitrogen and other gases. The present authors have therefore reviewed 
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the above data using their new equation of state of nitrogen (see preceding 
abstract), and also give the method of obtaining € using the equation of 
state. Instead of a constant-pressure thermometer, a constant-w ther¬ 
mometer is considered where tt is defined by the equation 7ra> = RT. 
From the Keyes equation of state to = v — 8 and n = p -f A/(v -f /) 2 . 
Since 1/e = T 0 , the absolute temperature of melting ice can be calculated 
from the measured expansion coefficients. The mean value obtained 
is 273-12°, as compared with 273-14° by Keyes after a review of the 
data on coefficients of expansion for all gases for which data arc available, 
and 273-13° by Buckingham. T. B, 

119. The Properties of Fluids in the Saturated State Near the Critical 
Point. J. E. Verschaffelt. (J.dc Physique etle Radium, 4. pp. 158-169, 
May, 1923.)—A mathematical paper in which the author shows how to 
deduce from the characteristic equation the properties in the saturated 
state near the critical point. This method consists in expressing the 
pressure in a series of powers of v — v c and T — T e in the neighbourhood 
of the critical point and then applying the principles of thermodynamics 
to this equation of state near the critical point. He applies this method 
to a particular equation of state to which he had been led by a study of- 
the isothermals and the curve of saturation this equation expresses the 
fact that each isothermal presents at a determined point (the critical 
isothermal at the critical point) an analytical discontinuity which observa¬ 
tions in the neighbourhood of the critical point, unhappily only too few, 
appear to confirm. Of course, this analytical discontinuity in the direction 
of the isothermals, if real, is not in disagreement with the physical con¬ 
tinuity of the liquid and gaseous states, which simply shows that all the 
homogeneous fluid states can be represented by only one characteristic 
equation. [See also Abstract 93 (1923).] E. G. 

120. An Old Fallacy Concerning the Heat Equilibrium of a Gas in a 
Gravitational Field. P. Ehrcnfest. (Zeits. f. Physik, 17. 6. pp. 421-422, 
1923.)—The old fallacy that the mean kinetic energy of a molecule of a 
gas in a lower layer is greater than that of a molecule in an upper layer, 
although carefully disproved by Boltzmann in 1876 [see Abstract 2095 
(1909)], has cropped up again [see Abstract 1785 (1923)], That this 
assertion is false is well known from the kinetic theory of gases. A simple 
proof may be desirable, and this is given by the author in the present 
note. T b 
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121. High-Frequency Vibrations and Young’s Modulus for Metal 

Bars. R. J. Lang. (Roy. Soc. Canada, Trans. 10. Sect. 3. pp. 163-173, 
1922.)—Describes an adaptation of Ivundt's dust tube for obtaining the 
Young s modulus of a metal bar. The bar is of larger diameter than 
the glass tube containing the lycopodium and is placed with one end very 
near the opon end of the glass tube. The bar is clamped at the middle 
and is struck with a hammer at the end remote from the tube. A single 
blow often produces the figures. E. H. B. 

122. Theory of the Singing Flame. E. G. Richardson. (Fhys. Soc., 

Proc. 35. pp. 47-54, Feb., 1923.)—Various theories of the action of the 
singing flame put forward since its discovery are reviewed and experiments 
to test the relative merits of the two most recent theories are described. 
A Kbnig manometric capsule is attached to the outer air tube on a level 
with the vibrating flame and this manometric flame is viewed simul¬ 
taneously with the singing flame through a stroboscope. The two flames 
vibrate in the same phase. This is contrary to Gill's form of the older 
theory which requires that each phase of maximum pressure in the air 
tube should force the flame down or temporarily stop the flow of gas. 
Photographs, taken through the stroboscopic disc by rotating the camera 
during exposure, are given. Lord Rayleigh’s theory is shown to fit 
the results most closely in that (1) heat is given by the flame to the air 
in the tube at each condensation, and (2) stationary waves are formed in 
the gas as well as in the air tube, but the lengths of gas tube favourable 
to singing cover a much wider range than that given by Rayleigh. The 
stationary waves are found by attaching a manometric capsule to various 
parts of the gas tube itself. In the same way, for certain lengths of gas 
tube, the author shows that there are no marked nodes, the gas shows 
forced vibrations but no resonance. Also a similar method is used to 
prove that when the flame sinks back to the jet the pressure of the gas 
inside the jet momentarily increases, i.e. the air outside and the gas 
inside the jet are in opposite phase in regard to pressure. T. H. 

123. Speed of Sound in N 2 Oi. Lower Limit for Speed of Dissociation. 

E. Grilneisen and E. Goens. (Ann. d. Physik. 72. 3. pp. 193-220, 
Aug. 7, 1923. From the Reichsanstalt.)—The speed of sound in N 2 C>4 
has been measured at various pressures and temperatures by the Thiesen 
method of closed cylindrical resonators. This shows that up to frequencies 
of the order of 16,000 per sec. there is no indication that the speed of 
sound depends on the frequency, as would be the case according to theory, 
if the dissociation time were comparable with the period of the sound. 
On the contrary, the absolute value of the speed of sound agrees well 
with the assumption that the dissociation period is small compared with 
the period of the sound. It is concluded from the best work at 25° C. 
and 760 mm. that the speed constant of dissociation ( k ) is certainly greater 
than 10,000, and that consequently in about 10— 4 of a second each N 2 C>4 
molecule, on the average, dissociates at least once. E. H. B. 
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ELECTRICITY AND MAGNETISM. 

THEORY, ELECTROSTATICS AND ATMOSPHERIC 

ELECTRICITY. 

124. Exploration of Electrostatic Fields. N. Semenoff and A. 
Walther. (Zeits. f. Physik, 17. 1. pp. G7-72. 1923.)—A method based on 
the use of a sound with a small glowing platinum wire. This wire liberates 
ions of one kind or the other or both according to circumstances until the 
potentials are equalised ; then an equal number of ions of each kind is 
liberated. Application to fields of complicated form, such as those 
traversed by gratings. A D 


125. Graphical Determination of Magnetic Fields. T. Lehmann. 
(Rev. G6n. d'fil. 11. pp. 347-357. Sept. 15. and pp. 395-403. Sept. 22, 
1923.)—The author deals with the following problems: (1) Determina¬ 
tion of the field in open or closed notches when the teeth are strongly 
saturated ; (2) The properties of orthogonal prolongations of the level 
lines towards the interior of rotational fields ; (3) Proof of the proposition 
that to every portion of a line integral in a magnetic field there corresponds 
a definite proportion of a section of the magnetomotive coil; (4) The 
graphic representation of inducing and induced rotational fields ; (5) Proof 
that, contrary to the assumption hitherto accepted, reaction dynamo 
fields approach a maximum, not a minimum value in the ncutTal zone • 
(0) Determination of the field in a conductor in which Foucault currents 
are present. 


The method followed is derived from Gauss's analytical dissection 
? f _ a ., SUrfa , Ce ,nto ‘nfiiitcmnal squares, or rectangles, by means of two 
families of mutually orthogonal curves. The author follows O. Bonnet 
in calling the network formed by two such systems an isometric network 
In an irrotational field div H = 0 and curl H = 0. so that the field admits 

“ e i Z T+ TaT ' / 7 We select two sets 

shall obtain a network of " curved^squlres^'^ea^h 'of wh 2 ^' ' ' ' we 
a tube of unit reluctance. squares, each of which represents 

the ^ectoria^equations'befng'tB v°H ^0 HTT T 

and 0 quanU^ ^Bu't"'^^ = °'- ? » " * ^ * * 

conduction current alone - « 1 ' commercial frequencies, the 

vectors i and H are ^ . 1 cons,der stion ; and for this the 

vol xxv„.“ A . P lT 9 e , n 4 d,CUlar *° each other ' *> that (H. i) = 0 ; and 
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since curl H = 47ri, wc have (H. curl H) = O. For the graphic solution 
of rotational fields, the author considers that it would be well to extend 
to them the concepts of magnetomotive force and magnetic reluctance 
and to introduce for this purpose the orthogonal curves into the rotational 
lines of flux. The curves referred to as gradients extend the equi- 
potential lines of an irrotational field in the direction of the rotational 
ramifications, and delimit the " magnetomotive area ” and the " rotational 
tubes.” By means of the gradients, plane rotational fields, even with 
variable rotation, could be determined graphically without calculation. 
Twenty-seven diagrams are given. G. W. df. T. 

126. Capacity Machines. F. Ollendorff. (Archiv f. Elektrot. 12. 
pp. 297-319, June 30. 1923.)—The author employs the fundamental 
equations of electrodynamics in the treatment of influence machines, 
or, as he proposes to call them, capacity machines. It is shown that it 
is possible to construct capacity machines, along the numerous different 
lines made use of in induction machines : and. in addition to generators, 
the paper deals with the theory of current-voltage transformers or con¬ 
verters. of synchronous machines, of the capacity commutator, of different 
connections in the c.c. capacity generator, corresponding to shunt and 
series field winding in an ordinary dynamo, of alternating current com¬ 
mutator motors, and gives a comparison between capacity machines 
and inductive machines. Taking one of the armature plates, and imagining 
an enveloping surface round it. the flux of the electric field intensity 
through the envelope is d>. F is the envelope, df a surface clement of the 
envelope, i the current per unit area through any portion of the envelope ; 
and it is shown that — d<b/dt = j(id/). The expression — d<t>/dt is 

called the electrical " Schwund ” or extinction, and the above equation 
may be expressed as follows : the envelope current is equal to the elec¬ 
trical extinction. Consider four nearly semicircular discs, mounted 
perpendicular to a common axis, so that a and a', the exciter discs, are 
insulated from one another, and form one circular disc, while b and b', 
the armature discs, form another ; the potential difference between a 
and a' is E a , while in the first instance the potential of b and b' is zero. 
Some lines of force pass from a, which is positive, to a' which is negative ; 
and <|) a = C a E a , where C a is the capacity of a a'. Plate 6, which is sup¬ 
posed to be opposite a at first, is negative, and there is a flux <J) 6 from 
a to 6 ; the idea of a Gegenkapazilat. or counter capacity, between these 
plates is introduced; this equals D, and <t> ft = DE„ ; there is also a flux 
from b* to a'. If 6 and b ' are joined by a wire of low resistance, the current 
in this wire, which is the current through the envelope of b, will be given 
by the equation l b = — dt&Jdt = — d(DE a )dt = — E a dD/dt — DdEJdt ; 
or a part due to alteration of the counter capacity and one due to altera¬ 
tion of the exciting voltage. The counter capacity may be altered by 
rotating the armature disc with respect to the exciter disc, and the value 
of the counter capacity throughout the rotation can be calculated and 
plotted ; thus the first step in a complicated mathematical treatment is 
obtained. H. N. A. 

127. Electrification Produced by the Pulverisation of Aqueous Solutions. 
J. J. Nolan and H. V. Gill. (Phil. Mag. 46. pp. 225-244, Aug.. 1923.)— 
The method of working is as described in a previous paper [see Abstract 
VOL. xxvn.— a.—1924. • * • 
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2436 ( 1922)1 devoted to the study of the effects obtained with mixtures 
of distilled water and tap water. In the present work special attention is 
Riven to the effects of substances occurring in rain water. It is found 
that, with the exception of NaCl. such substances do not appreciably 
diminish the charge produced when a rain-drop is broken in air. r*on- 
electrolytes do not affect the development of charge. A group of sub¬ 
stances shown by Lewis to give abnormal adsorption effects includes 
sodium oleate, methylene blue. Congo red. and methyl orange, whose 
behaviour differs remarkably from that of the ordinary inorganic salts. 
In the case of methylene blue. 0-5 gramme per 10° c.c. of water is suffi¬ 
cient to reduce the positive charge to zero. The negative charge has a 
sharp maximum at 2-5 g. per 10° c.c.. and the charge again becomes 
positive at about 11 g. per 10° c.c. It is suggested that certain results 
on inorganic salts obtained by other observers are due to the presence 
of impurities. A - C. L< 

DISCHARGE AND OSCILLATIONS. 


128. Two Photographic Methods of Studying High-Voltage Discharges. 
K. B. McEachron. (Am. I.E.E., J. 42. pp. 1046-1050, Oct., 1923.)— 
The author gives in this paper some results of an investigation on the 
variation in alternating current corona discharges with time. Two methods 
have been used. In the first method the discharging point is mounted at 
right angles to an insulated extension of the shaft of the alternator used 
to supply the h.t. transformer. This needle point is thus revolved syn¬ 
chronously with the supply and projects just within a porcelain tube, 
the outer surface of which is covered with tinfoil and earthed. Photo¬ 
graphs of the corona discharge from the point to the tube have been 
taken at various voltages and frequencies, the form of the corona during 
the cycle being shown in a polar diagram. The brush discharge from 
the needle when positive and the slight glow when negative are well 
shown ; the presence of a dark space between the needle and the brush 
discharge, when the needle is positive, is also pointed out. 

In the second method the discharge occurs between two horizontal, 
stationary needle points. Photographs showing the form of the discharge 
in rectangular coordinates are taken with the aid of a special camera and 
revolving mirrors operated in synchronism with the supply alternator. 
The results confirm those found by the revolving needle method. In addi¬ 
tion, the influence of a sheet of solid insulation interposed between the 
needles and of the shape of the discharge electrodes has been investigated. 
Photographs of sparks between the electrodes are also given. In general 
it is shown that the appearance of the positive brush is considerably 
influenced by changes in the circuit conditions. Further experiments 
are to be made to test the effects of different gases at varying pressures 
on the form of the discharge, quartz lenses being used in the camera. 

B. H. 


/a V 29 * J h *E lecltlcal Strength of Air between Plate Electrodes . H. Zipp. 
(Archiv 1 Elektrot 12. pp. 319-330, June 30, 1923.)-The results of 
W. O. Schumann indicates that, for distances up to 11 cm., there is no 
fined value for the breakdown field intensity calculated from the equation 
ri J'** here \ 1S the difference oi potential between the plates, and 
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force between the plates, even at tho centre, arc not equidistant parallel 
straight lines, but diverge outwards. The author investigates this diver¬ 
gence experimentally for the stream lines of electric current between 
electrode plates immersed in an electrolyte, using an alternating current 
and a pair of probe electrodes, with a constant small distance between 
them, by means of which the difference of voltage Ac could be measured, 
caused by this distance, at different points between the plates ; he also 
makes a rough mathematical estimate of the effect of the divergence of 
the lines of flow ; and. transferring his results to the lines of force in the 
actual problem under discussion, finds that V/d must l>c multiplied by a 
factor, which depends on the size of the plate electrodes and the distance 
between them, to obtain the maximum value of the field intensity in each 
case. Schumann’s curves, thus corrected, point to the value 29,000 to 
29,600 volts per centimetre for the electrical strength of air. The diminu¬ 
tion of the dielectric strength of solid insulators with increased thickness, 
found by all observers except Schwaiger, may be due to the divergence 
of the lines of force. H. N. A. 

130. Electrical Discharges in Geiss/er Tubes with Hot Kathodes. W. H. 
McCurdy. (Phil. Mag. 40. pp. 624-633, Sept., 1923.)—Duffcndack has 
recently reported (see Abstract 163 (1023)] results obtained from work on 
low-voltage arcs, stimulated by the emission from a hot kathode, in 
diatomic gases. As his work dealt only with the arc characteristics, it 
was thought possible that additional light might be thrown on the process 
of ionization by a study of the discharge in Geissler tubes, if allot filament 
were used as kathode to stimulate the discharge. This eliminates the 
uncertainty as to the source of the electrons which produced the ionisation 
in the tube, and, at the same time, overcomes the very high kathode fall 
of potential encountered in cold electrode tubes. A diagram showing the 
apparatus used is given. The experiments are described under the 
following heads :—(1) Relation between current through the tube and 
potential applied to the tube; also observations on the appearance of 
the discharge under various conditions. (2) Relations existing between 
the filament temperature pressure of the gas. and the least voltage (V WI ) 
necessary to maintain the discharge in hydrogen. (3) Observations on 
V« in mercury vapour. It is found that in Geissler tubes fitted with hot 
kathodes there are two discontinuous changes in the current as the 
voltage across the tube is increased, these.changes being associated with 
the appearance of two types of luminous discharge. At short distances 
between the electrodes, however, one of these disappears, and the conditions 
of the low-voltage arc, stimulated by the emission from a hot kathode, 
appears. The behaviour of the two types of discharge under various 
changes in conditions is not the same, although the spectra appears to 
differ only in intensity. . The least voltage at which it is possible to main¬ 
tain a discharge under the condition here described is not found to bear 
any simple relation to the ionising potential of hydrogen, and a reason 
for this is offered. The voltages at which discontinuous changes in the 
current with mercury vapour occur are found to be multiples of the 
ionisation potential, or these multiples plus the first radiating potential. 

A. E. G. 

1M. Passage of Kathode Rays through Matter. B. F. J. Schonland. 
(Roy. Soc., Proc. 104. pp. 236-247, Sept. 1, 1923.)—The experimental 
vol. xxvix.— a. —1924. 
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arrangement is founded upon that of Whiddington and a diagrammatic 
sketch and full details are here given. Secondary rays are first considered 
and the means of preventing these from upsetting the measurements 
described. The variations of absorption with velocity are dealt with 
under two heads, ( 1 ) apparent absorption, ( 2 ) true absorption, and the 
variations of absorption with thickness is similarly treated. In the 
variation of range with the nature of absorbing material a table is given 
showing results obtained with aluminium, copper, silver, and gold with 
28,500 volts, 23,600 volts, and 18,500 volts. The absorption of kathode 
rays of velocity 6 0 x 10 9 to 1-2 x 10 10 cm./sec. in these metals has been 
studied with an arrangement to measure both the fraction of the beam 
passed through and that actually absorbed in the foil. The latter fraction 
is found to vary with thickness and velocity in the same manner for all 
elements ; the nature of the variation of the former fraction depends 
upon the absorbing material. The conception of a range for these par¬ 
ticles is established by two independent methods of measurements. The 
results are explained by applying the theory of absorption due to Bohr, 
with which they arc by quantitative agreement. A. E. G. 

132. Recombination of the Natural Ions in Air ; Weak Atmospheric 
Ionisation. A. D. Power. (Frank. Inst., J. 196. pp. 327-352, Sept., 
1923.)—The coefficient of recombination of ions in air was determined for 
" natural ” ionisation as opposed to the strong “ artificial ” ionisation 
usually used. McClung’s method was replaced by a new method requiring 
the measurement of the growth with time of the number of ions per cm. 3 . 
The diffusion correction is based upon a solution obtained for bn/bt « 
D{b 2 x/bfi) - fin + q • Results substantiate von Schweidlcr, that for 
natural ionisation it is more appropriate to use a fin than an an 2 term ; 
this is here extended to confined air under a - and £-rays. The value of 
fi is on the average 6 x 10- 3 . even when the dust content is very low. 
Its use cannot, therefore, depend upon the presence of dust: but in any 
event a very small quantity of dust would explain it. Under natural 
ionisation the distribution of ions appears to be non-uniform, confined to 
non-overlapping columns. For low potentials, the capacity of an air- 
condenser with plates, say. 20 cm. apart may be increased by the factor 
2 • 7 by natural ionisation. If the plates of a closed condenser be momen¬ 
tarily earthed they will in the final state be at zero potential, no matter 
what the original distribution of ions may be. A. D. 


133. Motion of Electrons in Gases under Crossed Electric and Magnetic 
F.elds. R. N. Chaudhuri. (Phil. Mag. 46. pp. 461-472. Sept., 1923.) 

nToTi ntS C " ried °'! t . 0n the Iines of previous research [see Abstract 
A 2 =ni’rn " ed * scn bed m which special study is made of the two gases 
A and CO It is found that when electrons are moving through any gas 
the current between the emitting source and the anode is not stopped by 
a magnetic field (large enough to stop the current in vacuum) acting per- 

smalrl" ° the in * enSit y- lD "6°" the residual current if very 

C ° the fraction is fairly large : e.g.. at 100 x 10 -‘ mm. 
thfteW H P er “"tage m A is 01. whilst in CO it is 13-3. When 
residue? ° . a e lm P ,n e in 8 e^tron is increased, the percentage of the 
of the l« l7n1 ,1 5 " 0t ! nCrease ’ at least »P to the ionisation potential 
inrrPaQAc n Above that potential the percentage of residual current 
increases. On the assumption that the residual current is due to the 
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electrons colliding several times with gas molecules, an expression is 
developed for the mean free path of the electron, the value found for 
CO agreeing fairly well with that deduced from kinetic theory : with 
argon, an abnormally large free path is observed, the value obtained being 
more than 10 times that calculated from kinetic theory. A. B. C. L. 

134. Photoelectric Currents. W. Schottky. (Phys. Zcits. 24. pp. 350- 

362, Aug. 16, 1023.)—The author replies to Dallenbach and Jahn [Abstract 
1938 (1023)], and supports the views of Schenkel and Schottky on the 
high value of certain photoelectric currents. J. J. s. 

135. Motion of Electrons in Helium. J. S. Townsend and V. A. 

Bailey. (Phil. Mag. 40. pp. 667-664, Oct., 1023.)—Previous communica¬ 
tions have dealt [see Abstract 2310 (1022)] with a method of determining 
the motion of electrons in various gases, and the present paper applies 
this process to determine the motion in helium. The experimental part 
of the investigation consists in determining the velocity of a stream of 
electrons in the direction of a uniform electric force and the velocity of 
agitation. For this purpose it has been found convenient to use two 
instruments, one suitable for the measurement of the velocities in gases 
where the stream of electrons has a moderate lateral diffusion, and the 
other suitable for gases like argon where the lateral diffusion of the stream 
is very large. A description of these instruments is given in published 
researches on argon and hydrogen [see Abstract 354 (1923)]. Two speci¬ 
mens of helium were used, one from a natural source and the other from 
thorianite. • The velocities of the electrons were found to be almost 
exactly the same in the two specimens. Tables of results are given, and 
comparison curves included for the mean free paths in hydrogen and 
helium. In helium the mean free path is nearly constant for velocities 
between 10 a and 6 x 10 7 cms. per sec., and the increase in the free path 
as the velocity diminishes occurs for smaller velocities in helium than 
in argon. H. H. Ho. 

136. The Motion of Electrons in Carbon Monoxide, Nitrous Oxide, and 
Nitric Oxide. M. F. Skinker and J. V. White. (Phil. Mag. 46. pp. 630- 
637, Oct., 1923.)—An account has already been given [see Abstract 353 
(1923)] of the motion of electrons in carbon dioxide, and the present 
investigation now applies the methods described previously to obtain 
data for carbon monoxide, nitrous oxide, and nitric oxide. From theo¬ 
retical considerations the velocities of electrons are functions of the ratio 
electric force Z/gas pressure p, but when electrons tend to form ions by 
adhering to molecules of the gas the velocities of ions and electrons arc 
found experimentally to .diminish as the pressure increases. The authors 
have found that in CO as in C0 2 , the electrons do not tend to form ions, 
but in NO ions are formed, and, as in the case of oxygen, this effect is 
most noticeable with the smaller values of the above ratio Z/p. With 
N z O a different result was obtained, however, since for the smaller values 
of Z/p the velocities are, within experimental error, functions of Z/p, 
and by a direct method of testing for the-presence of ions it was found 
that there were very few ions in the stream. For the larger values of 
Z/p the velocities are not functions of this ratio, and by the direct method 
of testing a large number of ions were found in the stream. This direct 
method consists in observing the effect of a magnetic field on the charges 
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acquired by the receiving electrodes of the stream of electrons passing 
through a gas. The paper is replete with data and illustrative curves. 

H. H. Ho. 

137. Forced Oscillations in Self-maintained Oscillating Circuits. W. A. 
Leyshon. (Phil. Mag. 46. pp. 686-698. Oct., 1923.)—The present paper 
is concerned with the behaviour of certain electrical circuits maintained 
in oscillation by a 3-electrode thermionic tube, or triode, under the influ¬ 
ence of impressed oscillations. An alternating voltage was applied to an 
oscillating triode system, either by means of a second triode system, 
which was itself acted on by the first system, or by means of a circuit, 
(possessing constant amplitude and frequency) maintained by a tuning- 
fork and 2 triodes in parallel. Low frequency oscillating circuits were 
employed, and the required phase differences shown by means of a Lissa- 
jous instrument designed for the purpose and fully described together with 
the other experimental details. The experiments on the accordant state 
suggest generally that when an alternating voltage of constant frequency 
and amplitude is applied to the grid of an oscillating triode, this voltage 
not differing markedly in frequency from that of the undisturbed oscillating 
system, the latter may be pulled into tune with the according voltage 
if the latter is sufficiently great. The phase difference between the grid 
voltage as supplied by the oscillating triode and the according voltage 
in the accordant state depends on the strength of the latter, and on the 
difference in the frequency of the system supplying the according voltage 
and the undisturbed frequency of the triode system. When the according 
voltage is not sufficiently strong to pull the triode system into tune, 
modified beats are observed, the rate of change of phase with time being 
least when the phase difference is such that the triode system is most 
nearly in tune with the applied voltage. Only one-quarter of a cycle 
of phase change has been observed in the accordant state with compara¬ 
tively strong according voltages. When an alternating voltage supplied 
by a triode system is applied to a second triode system, which itself affects 
the first system, half a cycle of phase change has been observed to take 
place between corresponding currents in the 2 triode systems. 

H. H. Ho. 


138. The Propagation of Electric Waves in a Straight Metallic Wire 
Provided with a Conducting Cover. K. Fdrsterling. (Ann. d. Physik, 
72. 1. pp. 30-57, July 20. 1923.)—A rigid theory dealing with Trautmann’s 
results (see Abstract 2493 (1923)] on the high-frequency resistance of 
straight wires provided with conducting covers, should be capable of 
derivation from Maxwell's equations and the boundary-conditions at 
the surface of cylindrical conductors. If it be possible also to state the 
solution by means of Bessel functions [see Harms, Abstract 1184 (1907)] 
then no serious physical difficulties arise. In the present paper a similar 
procedure is adopted to that employed by Abraham for evaluation of 
the skin effect of high-frequency currents in a simple wire, who had in 
this case to deal with e functions. Under the assumption that the electric 
waves only penetrate slightly into the conductor, their propagation in 
metallic wires with conducting covers may be treated to a close approxi¬ 
mation and the resistances evaluated with the aid of the Poynting com¬ 
plex vector. The cases are discussed in detail of a copper wire with iron 
cover, and a copper coated iron wire. In both cases theory demands 
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the resistance to depend on the thickness of the coating, a circumstance 
in agreement with Trautmaun’s experimental observations. The case 
of a coppered iron wire is of great practical importance, and here both 
theory and experiment lead to the result that for certain thicknesses 
of the coating the resistance varies only slightly with the wave-length. 

H. M. Ho. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

139. Photoelectric Emission from Insulators. P. Cardani. (Accad. 

Lincei, Atti, 32. i. pp. 202-208, March 4,1923.)—Light from a mercury lamp 
is allowed to fall on a plate of the material which has been charged by 
friction. In front of the specimen is a metallic grid which can be raised 
to a high potential with respect to another plate at the back of the 
specimen. Photoelectric emission is accompanied by ionisation of the 
gas in the apparatus and rapid dissipation of the charge. This is observed 
with an electrometer. The intensity of the ellect is tabulated for ebonite, 
sulphur and pitch for various degrees of electrification. This last quantity 
is expressed as the number of strokes given the specimen with a woollen 
cloth. For high applied potentials, the increased ionisation current due 
to collisions is noted. A. \Vh. 

140. Photoelectric Conductivity of Diamond. (Miss) M. Levi. (Roy. 

Soc. Canada, Trans. 16. Sect. 3. pp. 241-256, 1922.)—Two diamonds 
examined. Considerable lag, both in growth and decay, of the photo¬ 
electric currents. The photoelectric sensitivity increases with decreasing 
wave-length of exciting light. Unidirectional conductivity found ; dark 
currents investigated. On application of an electric field the diamonds 
become polarised and counter-fields develop within them. Gamma rays 
gave a photopositive reaction (resistance decreased on illumination) with 
the one diamond, a photonegative with the other. A. D. 

141. Photoelectricity. S. Timpanaro. (Accad. Lincei, Atti, 32. 

i. pp. 225-227, March 4, 1923.)—Various simple experimental methods for 
demonstration purposes. A. D. 

142. Dielectric Constants and Pressure. F. Waibel. (Ann. d. Physik, 

72. 3. pp. 161-192, Aug. 7, 1923.)—In hexane, bisulphide of carbon and 
benzol from 1 kg. to 130 kg. per sq. cm., the dielectric constant follows a 
law € = e 0 (l + a p + bp 2 ). An electron tube was used as an exciter of 
vibrations, and a vibration galvanometer as a resonance. A simple 
oscillation-method is given for comparing two capacities in the ratio of 
1: 100 or 100 : 1. A. D. 

143. Electric Polarisation of Dielectric. G. Jacoby. (Ann. d. Physik, 

72. 2. pp. 153-160, July 20. 1923.)—On the hypothesis that the polarisation 
of a dielectric depends upon displacements of polarisation electrons in 
the atom under quasi-elastic forces in the field proportional to the dis¬ 
placements, the author investigates these quasi-elastic forces from the 
point of view of the newer conceptions of the atom, and calculates the 
dielectric constants of sulphur and of water. A. D. 

144. Variation of Dielectric Constant with Frequency and Energy Loss 
in Standard Dielectrics. J. Mould. (Beama, 62. pp. 337-344, June, 
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1923.)—The author investigates the variation of dielectric constant over 
a wider range of frequency (from 123 ro up to about 1,000,000 '•v) than 
hitherto attempted and measures the energy loss at various frequencies. 
Ebonite, glass, micanite, india-rubber, gutta-percha, xylonite and red 
fibre were examined. All showed a diminution of dielectric constant 
with increase of frequency, but the good dielectrics remain more constant. 
The variation of gutta-percha is more marked at the lower frequencies, 
while in the other dielectrics it is more marked at the higher frequencies. 
The energy loss was found to vary as some power of the electric force 
which is greater than the square. In good dielectrics the preponderating 
part of the energy loss is due to some property distinct from conductivity. 

W. R. C. 
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145. Mechanical Computation of Root Mean Square Values. L. A. 
Umansky. (Am. I.E.E., J. 42. pp. 1093-1096, Oct., 1923.)—Whenever 
the capacity of an electrical apparatus is to be determined by the heating 
during the period represented by the chart, oscillogram, or plotted duty 
cycle curve, the average heating represented by the root mean square 
value of the performance cycle has to be calculated. If the curve is 
plotted in rectangular coordinates where i is the instantaneous value of 
the current after t seconds, and G is the centre of gravity of the elementary 
area, then mathematically expressed the root mean square is 


The method suggested by C. O. Mailloux of replotting the chart in polar, 
coordinates takes appreciable time. If Amslcr’s mechanical integrator, 
of which an elementary diagram is given, is applied for root mean square 
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so that the relation established between the root mean square of the duly 
cycle curve and the moment of the figure encircled by that curve about 
the line of abscissa; gives the answer to the problem. T. C. II. 

146. Nickel at the Curie Point. L. Tier!. (Accad. Lincci, Atti, 32. i. 

pp. 280-282, March 18. 1923.—The Curie point is the same. 355°. for a 
nickel wire unstretched and stretched by a weight of 7 kg. The exten¬ 
sion by the weight corresponds to a temperature difference of 21°. If 
the demagnetisation had been wholly due to separation of the elementary 
magnets in the nickel, it ought to have taken place at 334° in the stretched 
wire; but this is not the case. A. D. 

147. Magnetic Screen of Spirally Wound Iron Sheets. C. Benedicks. 

(Ann. d. Physik, 72. 3. pp. 236-240, Aug. 7. 1923.)—W. Esmarch has 
shown the advantages of replacing a massive soft iron cylinder as magnetic 
screen by a series of soft iron cylinders separated by cardboard or other 
non-magnetic material [see Abstract 513 (1913)). ’ This suggested the 
use of a sheet of soft iron spirally wound with paper separating successive 
turns. The author finds that this method is preferable to the earlier 
one, effecting a further saving in the weight of the screen, while the manu¬ 
facture is simplified. G. \V. df. T. 

148. Atomic Moment of Oxygen. P. Weiss. (J. dc Physique ct lc 

Radium. 4. pp. 153-157, May. 1923.)—Reference is made to the work 
of Gerlach and Stern [see Abstract 2055 (1922)). and to that of Ehrenfest 
as regards the quantisation of the orientations of electronic orbits. In 
the new electronic theory, the molecular magnet is the quantity of matter 
which carries one electronic circuit productive of moment. Each atom 
of 0 2 is therefore a carrier of one circuit, and in this case the molecular 
magnet is the atom itself. The molecular constant of Curie becomes 
10 x 0-03168, and this leads to the number of 10 magnetons per oxygen 
atom - G. E. A. 

149. Permeability and Hysteresis of Nickel. H. P6cheux. (Rev. 

G ,?• d El ‘ 14, PP 435-438, Sept. 29. 1923.)—Tests were made on three 
cylindrical bars of nickel, of given chemical composition, by means of a 
Carpcntier torsion permeameter provided with an indicator of the magnet¬ 
ising field. The bars were first tested fresh, then after quenching, and 
finally after annealing, B, H curves being given. There are differences 
m the three bars which are not entirely explained by the chemical composi¬ 
tion (total impurity, C, Si. and Fe about 2 per cent.). The curves for 
quenched nickel lie slightly above those for the untreated metal; quenching 
diminishes B r and increases H c . Annealin gimproves the permeability 
according to the amount of iron contained. The hysteresis losses were : 
In the fresh state, 4240; quenched. 4330; annealed, 4750 ergs. These 
losses (E) are expressed by means of a Steinmetz equation : E = aB*. for 
which x = 1-603, and a has the respective values 0 068, 0-073, and 
0 056. [See Abstracts 1986 and 2516 (1923).] G. E. A. 

150. Relation between Iron Losses and the Maximum Induction. 
Jouaustand Miss Bourgoignon. (Soc. Fran?. Elect., Bull. 3. pp. 285- 
292, July, 1923.)—The losses in iron are generally expressed by means of 
Steinmetz’s law: W = rfB x , where x has the value 1 • 6. The authors 
find that the index 1 • 6 does not hold in general. From certain past tests 
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oi sheet iron, for which r\ was greater than 0 - 002 , the power 1 • 6 held good, 
but for another category for which 77 was less than 0 - 002 , * required a 
value of from 1-85 to 2. Specimens of sheet iron from two different 
sources were tested at inductions of 10,000 and 14,000 the total losses 
being determined by means of an Epstein apparatus as modified by 
Armagnat. For these, the values of x required to give the loss at 14,000 
from that at 10,000 were about 2 and 2-33 for the two categories. The 
authors refer to Yensen’s experiments on silicon iron for which the value 
of x was 3 • 2; and they conclude that more experiments are necessary 
to clear up the point in question. G. E. A. 

151. On the Energy in the Magnetic Circuit 0 f a Magneto. N. W. 
McLachlan. (Phil. Mag. 46. pp. 337-364, Sept., 1923.)— The author has 
given a preliminary treatment of the subject in a previous paper [Abstract 
891b (1920)], where zero loss was assumed, and it was supposed that the 
magnet always worked at a point upon the hysteresis quadrant, i.e. a 
variation in reluctance caused the working point to traverse the boundary 
line or the quadrant and not a subsidiary loop as it does in practice. 
In the present paper the problem is treated differently, and more crucially, 
with assumptions which are more in accord with practice; no restriction 
is placed on the shape of the armature ; and it is shown that the optimum 
point for a magnet is not on the hysteresis loop at all. but on an auxiliary 
curve, which is associated with the locus of the intersection of subsidiary 
loops and armature reluctance curves; the value of B corresponding to 
this optimum point is not necessarily equal to that on the main quadrant, 
for which the product BH is a maximum. There is a temptation to show 
that a physical concept of the electromagnetic energy associated with the 
primary winding can be derived from the hysteresis quadrant, by imagining 
the magnet to be an clastic medium, which stores and restores the primary 
energy, i.e. a magnetic accumulator; as far as the present analysis goes 
there is no reason why the magnet and the primary should behave thus, 
and any changes in the magnet are due to changes of reluctance in the 
path of the magnetic flux through the magnet and its external circuit; 
these may be due to armature reaction, eddy currents, or variation in the 
configuration of the magnetic circuit; the energy concomitant with such 
variations is associated, through the medium of the armature, with the 
external source causing rotation. The theory is w-orked out in consider¬ 
able detail, and applied to the determination of the optimum armature 
diameter, when magnet, air-gap and armature length are fixed, and of the 
optimum magnet, when armature, magnetic section, and air-gap are fixed ; 
the effect of armature resistance is also considered at length. With an 
armature and magnet of prescribed dimensions, there is a certain air-gap, 
for which the electromagnetic energy in the primary circuit at break is 
a maximum. The optima values vary with the speed. At low speeds 
the air-gap should be as small as mechanically possible. Primary 
resistance should be small. H. N. A. 

152. Deformations of Liquid Streams Carrying Powerful Currents. 
L. Lombardi. (Accad. Lincei. Atti, 32. i. pp. 467-473, May 6 , 1923. 
Elettrotecmca, 10. pp. 665-^68, Oct. 6 , 1923.)—These are quite capable 
of being explained under the formula of Ampere and Neumann, without 
any of the assumptions invoked by Hering [Abstract 178 (1922)]. 

A. D. 
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153. Porosity of Nickel to Hydrogen Gas. V. Lombard. (Comptcs 
Rendus, 177. pp. 110-119, July 9, 1923.)—Two iron tubes were pressed 
against the opposite sides of a nickel disc 0-3 mm. thick, with copper 
washers interposed, and hydrogen was led along one pipe to the disc and 
drawn off, by means of a mercury fall pump, through the other. An 
electric furnace and Pt. Pt-Rd couple served for the thermal observations. 
The volume V of hydrogen at 0° and 700 mm. which traverses 1 sq. cm. 
of disc per hour at t° C. is given by the equation : V = a 1 where a is a 
constant. When the temperature is constant and the pressure P varies, the 
volume per sq. cm. per hour is given by V = K vT\ At 700' and 770 mm. 
pressure the volume per sq. cm. per hour approaches 2 c.cm. G. E. A. 

154. The Curves of the Periodic Law. II. W. M. Thornton. 
(Phil. Mag. 46. pp. 442-448, Sept., 1923.)—The rise and fall of the 
densities of the elements, plotted against the atomic weight, resemble 
the side elevation of a somewhat irregular spiral drawn on a trans¬ 
parent cone, the end elevation of such a curve of uniform angular pitch 
being a logarithmic spiral (see Abstracts 530 (1903) and 1182 (1917)]. 
The density curve exhibits minor fluctuations, the periods of which 
increase with the distance from the origin, but not so uniformly as they 
do on the cone spiral, where they are strictly proportional to it. Any 
regular periodic curve of this kind may be represented by a combination 
of harmonic curves chosen by inspection or analysis, and a fundamental 
curve of varying amplitude and period is given as a representation of 
that great periodic change in the configuration of the outer electrons in 
an atom under their own forces which a successful theory of atomic 
formation must explain. 

On the fundamental curve is superposed one of double frequency 
which may be regarded as representing some form of retardation in the 
change of atomic volume of the nature of hysteresis, that is, a change 
of arrangement caused by the resultant force to which the fundamental 
is due, always occurring so as to produce the same deviation from the 
mean position in successive half-periods. The physical and chemical 
properties of the elements appear to depend as much on the minor 
periodic change as on the fundamental, and in order to bring out the 
differences between them curves are shown in which the ordinates are 
densities and the abscissae projections of the major harmonic curve on 
the vertical axis. For the electric degradation theory of matter to be 
consistent, the increasing radio-activity from uranium to radium should 
be capable of explanation as a consequence of feebler control or of 
stronger force of expulsion. If the rate of change of density with atomic 
weight were such that the loss of the smallest possible unit of mass pro¬ 
duced very great expansion of the remaining electric structure, the atom 
would be on the point of explosion and any increase in the rate would 
render it impossible for an atom to cohere. These points are illustrated 
by the curves shown. T. H. P. 

155. The Electron Theory of Chemistry. On the Changes in Chemical 
Properties produced by the Substitution of One Element or Radicle by 
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Another, with Applications to Benzene Substitutions. J. J. Thomson. 
(Phil. Mag. 46. pp. 497-514. Sept., 1923.)—When a monovalent atom or 
radicle—such as F. Cl, Br. I, OH. CH 3 . CN—is substituted for an atom 
of hydrogen, the number of electrons is increased ; these additional 
electrons, together with the corresponding positive charges, change the 
electric field in and around the molecule. It is the object of this paper 
to investigate the nature of this change and the effect it might be 
expected to have on the chemical properties of the molecule. The first 
case discussed is that of replacement by halogens [see also Abstract 2088 
(1923)], and it is shown that the molecule of CH 3 C1 would have an 
electrostatic moment whose sign would be the same as that of an 
electric doublet with positive electricity on the carbon atom and negative 
on the chlorine. The magnitude of the moment would be e times the 
sum of the radii of the hydrogen and chlorine atoms ; where e is the 


electronic charge, i.e. it would not differ much from the electric moment 
of a molecule of HC1. The cases of the replacement of H by OH and 
NH 2 arc next examined. It is shown that whenever an atom or radicle 
is introduced which has no intrinsic moment such as F, Cl. Br, I, OH, 
NH 2 . and which can receive an additional electron, i.e. one which contains 
an uncompleted octet, the effect will be represented by an electrostatic 
doublet whose negative end is on the side of the radicle and the positive 
end on the side of the molecule with which the radicle combines. The 
radicle CH 3 requires and receives special consideration, since in some 
cases the substitution of this for hydrogen seems to produce a change 
in the moment and not so in other cases. Substituents with a detached 
electron and a positive ion have a finite electrical moment, and the 
greater this moment the greater will be the distance of the positive ion 
from the 2 electrons which couple it to the molecule with which it com¬ 
bines. As examples of this type N0 2 . COOH, CHO. and CN are con¬ 
sidered. The author then interprets in terms of chemical properties 
the change of the electrical field due to substitution. Next comes a 
discussion of the polarisation of the double bond, and the consideration 
of the polanty of substituted benzenes, this concluding the paper. 
Benzene itself is a non-polar substance, which has a specific inductive 
capacity equal to the square of its refractive index, and. in the author's 
opinion, the introduction of a substituent by introducing an electrical 
moment i.e making the molecule polar, should therefore endow the mole- 
cule with a high inductive capacity ; the difference between this specific 
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ferent types, the specific inductivity capacity will be greatest in the para 
position and least in the ortho. II. II. Ilo. 

156. Propagation of the Explosion Wave. P. LafYUtc. (Com pics 
Rendus, 177. pp. 178-180, July 10. 1023.)—An investigation is made 
with mixtures of carbon bisulphide and oxygen of the propagation of the 
explosion wave in all directions from a centre of emission. A photo¬ 
graphic recording device is employed as in earlier experiments on the 
development of explosion waves in cylindrical glass tubes Abstract 2318 
(1923)]. The mixtures of gases are placed in spherical glass vessels of 
15 to 22 cm. diameter. The light from the explosion passes through a 
horizontal slot to a photographic film attached to a cylinder which is 
arranged to rotate at a definite speed. In order to initiate an explosion 
in the centre of the vessel an explosion wave is admitted to the centre 
by means of a length of narrow tube leading from the outside to the centre 
of the vessel and containing the same gases. The photographs show that 
the moment the explosion wave, the velocity of which is estimated at 
1800 metres per second, reaches the centre of the vessel, it is suddenly 
extinguished and replaced in the vessel by a feebler wave of combustion 
with a velocity* of 450 metres per second. On reaching the walls of the 
vessel the wave is seen to be reflected and to proceed in the opposite 
direction and is again reflected several times until finally the vessel frac¬ 
tures without the explosion wave being set up. Observations were then 
made on detonating 1 gramme of fulminate of mercury in the centre of 
the gases. In this case, the explosion wave is generated immediately 
without any preliminary period of inflammation and is propagated equally 
in all directions with a velocity of 1800 metres per second. J. N. P. 

157. Application of Thermodynamical Principles to the Time Rates 
of Chemical Changes and Vaporisation. S. Sano. (Japanese Journ. 
Phys. 1. 7-8. pp. 59-09, 1922. In English.)—A mathematical investigation 
of the extension of Guldbcrg and Waage’s law of mass-action to the case 
of concentrated solutions by the use of chemical potentials. A. B. C. L. 

158. The Kinetic Theory of the Law of Osmotic Pressure in Strong Electro¬ 

lytes. P. Debye. (Phys. Zeits. 24. pp. 334-338. Aug. 15. 1923.)—The 
two laws (1) " Strong electrolytes are completely dissociated at all con¬ 
centrations ”; (2) " The observed deviations from the limiting laws 

(concentration = 0) can be explained as due to the electrical forces between 
ions and between ions and molecules of the solvent.” may be considered as 
established. The author has obtained an expression for the lowering of the 
freezing-point which agrees with observation [see Abstract 2328 (1923)]. 
This was obtained from thermodynamical considerations. In a similar 
way the osmotic pressure and its connection with lowering of the melting- 
point can be deduced. On account of the importance of osmotic pressure 
it is advisable to obtain it solely from kinetic considerations, especially 
as this method allows escape from some of the difficulties in connection 
with the temperature coefficient of the dielectric constant of the solvent. 
This is therefore done, use being made of results previously obtained. 
The rest of the paper is divided into three sections. In the first is con¬ 
sidered the case of a dissolved substance which is not ionised. In the 
second the case is taken of an electrolyte where the electrical forces betw|en 
the ions must be taken into account. In the third section, instead of 
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using the expression for the potential energy in order to obtain the forces 
(as is done in Section 2) the electrical forces are used directly. T. B. 


159. A Mechanical Theory of Solutions. C. Dieterici. (Ann. d. 
Physik, 72. 4. pp. 241-264, Aug. 21. 1923.)—In previous papers [see 
Abstracts 651 and 1548 (1923)] the author has shown that for the mole 
of every pure liquid, and also for that of every dissolved substance, there 
is a definite optical active volume, the refraction volume, which remains 
unchanged according to observations of refractive indices both for con¬ 
centrated and extremely dilute solutions, i.e. this volume is at constant 
temperature independent of the internal pressure. The problem is now 
discussed of the significance of this volume, and the relation it bears to 
the mechanical mole volume. Van der Waals' equation for the internal 
pressure is first considered from the standpoint of the degree to which 
the magnitude b can be regarded as constant for every substance in the 
liquid state. Tables of data are given for water, ethyl alcohol, and 
ethyl ether, from which is deduced that for pressures of 1000 atm. the 
values of b for all 3 substances are constant, and at normal pressure 
the covolumes are only about a quarter of the visible volumes. It is 
a necessary consequence that the velocity of sound in liquids is given by 
vy/RT/mKI{v — b), so that knowing K — Cpj C p . values of b can be alter¬ 
natively determined. The calculated value for the cohesion pressure 
of water is appreciably smaller than that from the critical data, but 
alcohol and ether afford better agreement confirmation for the values 
of b is also afforded by compressibility observations, and data arc given 
for NaCl and sugar solutions. A discussion then follows for mixtures 
of alcohol and water, after which the problem of temperature dependence 
is treated. It is concluded that although a connection between the 
optical refraction volume and the kinetic dimensions of the collision 
volume is not established with certainty, yet on mechanical grounds 
this is extremely probable. H. H. Ho. 


160. Resistance of Nickel Chrome Steel to Corrosion. R. Stumper. 
(Rev. de M6t. 20. pp. 620-621. Sept., 1923).—Plates of a special nickel 
chrome steel 50 x 60 mm. were exposed to the action of hydrochloric 
acid, sulphuric acid, sodium chloride solutions, moist air, and tap water. 
The acids varied in strength from 1 % to 20 % and the salt from 1 % to 
3 %. The time of exposure was from 40 hours to 7 days. The loss 
of weight was compared with the loss experienced by plates of the same 
size made from acid chrome steel. The nickel chrome steel contained 
silicon 0-64 %, phosphorus 0-012 %, manganese 0-65 %, carbon 0 -6 %, 
chromium 15- 68 % nickel 7-04 %. It corroded 4o a very slight extent, 
the loss of weight being very small or nil in most cases, while the acid 
steel lost a considerable proportion of its weight. Expressing the loss 
of weight of the acid steel m 20 % hydrochloric acid for 7 hours as 100, 
the special steel lost 10-1, whereas in sulphuric acid of the same strength 
the acid steel lost 100, the special steel did not show any loss. F. J. B. 

p ' Vap A °^ , Pte J SUres 0f Concentrated Sucrose Solutions . E. P. 

?■ L ;J 5aunders - (Faraday Soc., Trans. 19. pp. 112-116 ; 
thr vann ’ ^ Uly ' 1923 )~“ Results given of direct measurements of 
* pressures of concentrated sucrose solutions at 70° and 90°, 

the the vapour being balanced against a column of 


CHEMICAL PHYSICS AND ELECTRO-CHEMISTRY. 


an 

mercury. The relationships between vapour pressures and concentra¬ 
tions at these two temperatures are represented by smooth curves lying 
below the straight lines found by Perman and Price [Abstract 291 (1913)] 
as the result of measurements made by a dynamic method. Accord¬ 
ing to Callendar’s theory, which states that definite hydrates are formed 
in solution, the value 6 is indicated for a. the hydration factor, in the 
formula, 

f/ _ N - an 
p N — an -f- n 

where p and p' are the vapour pressures of the pure solvent and solution 
respectively ; at the higher concentrations, however, the value of tlie- 
hydration factor falls, apparently gradually, as no definite tiansition 
points are observable. Babo’s law holds well for sucrose solutions up 
to the concentration 80 per cent. T. H. P. 

162. X-Ray Investigation oj the Effect of Cold Rolling on Sheet Steel. 
YI Nlwa and J. MatOra. (Electrot. Laborat. Tokyo. Japan, Researches. 
No. 122. pp. 1-20, Dec., 1922. In English.)—The authors have studied 
the effect of cold rolling and annealing on two steels containing 4 % Si 
with 014 % C. and 0 04 % Si with O il % C. They find that in cold 
rolling the strain penetrates gradually from the surface of the metal 
into the interior and that the crystal grains arc broken up into smaller 
cubic aggregations which tend to arrange themselves so that one edge 
of the cubic lattice or one diagonal of the face is parallel to the direc¬ 
tion of rolling. 

Effect of annealing. —Annealing the cold rolled material below 600 c C. 
has no effect on the Laue figures. Between 700° C. and 800° C. change 
sets in and is completed at 1100° C. (Time of annealing. 2 hours.) 

J. L. H. 

163. Hardening of Metals. S. Kimura. (Electrot. Laborat. 

*okyo, Japan. Researches. No. 123. pp. 1-7. March. 1923. In English.) 
—The author discusses the theories of hardening due to Rosenhain, 
Jefferies and Archer and Honda, and concludes that the increase of 
slip interference (and therefore of hardness) in solid solutions must be 
explained by the interatomic stress caused by the distortion of the 
lattice. In addition the author considers the hardness produced, in 
steel and duralumin, by quenching. J. L. H. 

164. Chemical Constants of Diatomic Gases. J. R. Partington. 
(Phil. Mag. 46. pp. 329-330. Aug., 1923.)—The expression obtained in a 

previous paper [see Abstract 389 (1923)] is log, mol2r2 }'^ ,2 

It is compared with the expression deduced by Sackur, which is considered 
to be Jn excess of the correct value for a molecule composed of two 
identical atoms by log, 2. v r A. B. C. L. 

165. Electrometric Titration of Iodale, Bromate, Chlorate and Ferri- 
cyanide with Titanous Sulphate. W.. S. Hendrixson. (Am. Chem. 
Soc., J. 45. pp. 2013-2017. Sept., 1923.) 

166. Superficial Tension and Voltaic Properties of Mercury. E. 
Perucca. (Accad. Sci. Torino, Atti, 67. 14a. pp. 293-299, 1921-1922.) 
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—There is perfect parallelism between these, when the mercury surface 
is fresh ; and as it changes under the influence of surrounding gases 
the parallelism is affected but the changes are analogous. A. D. 

167. Galvanic Cells with Atmospheric Oxygen as Depolariser. A. 

Nasarischwily. (Zeits. Elektrochem. 29. pp. 320-323. July 1, 1923.)— 
Cells with direct and indirect atmospheric oxygen depolarisation are 
discussed. With the air carbon electrode the output per sq. dm. of active 
surface during regular working is at most 0-03 ampere, owing to the low 
velocity of reaction, whereas, under the same conditions, the cupric oxide 
electrode gives as much as 1*2 amperes per sq. dm. T. H. P. 

168. Electrolytic Estimation of Antimony. A. Lassieur. (Comptes 

Rend us. 177. pp. 263-265, July 23, 1923.)—By suitable control of the 
p.d. between the electrodes, and particularly by the employment of a 
mercury-covered platinum kathode, a deposit of Sb is obtained of such 
properties and purity that quantitative results of much greater accuracy 
than hitherto available can be obtained. A. B. C. L. 

169. Investigation of the Anode Effect. K. Arndt and H. Probst. 
(Zeits. Elektrochem. 29. pp. 323-334, July 1, 1923.)—Experiments were 
made upon the electrolysis of fused salts and the behaviour of the anode 
during electrolysis. It is observed that the anode becomes coated with 
a light foam, the evolution of gas sets in. and at the same time the bath 
voltage rises and the current diminishes. A slight hissing sound accom¬ 
panies these phenomena. The anode behaviour in the case of calcium 
chloride, sodium, potassium, magnesium, strontium, zinc, tin, and lead 
chlorides and the effects of various makes of carbon anodes upon the 
behaviour. For details the original paper must be consulted. F. J. B. 

170. Effect of Slight Additions on the Electrical Conductivity of Solid 

Salts. C. Tubandt and H. Reinhold. (Zeits. Elektrochem. 2 % 
pp. 313-317, July 1, 1923.)—The results of experiments on the migration 
of ions in mixtures of lead chloride with silver chloride, or sodium chloride, 
or potassium chloride (see Abstract 770 (1920)] indicate that, in the increase 
of electrical conductivity produced in solid salts by the addition of other 
salts in small proportions, such additions have no immediate part; the 
action consists solely of increase in the mobility of the ions of the principal 
salt. The increased conductivity is not connected with the formation 
of solid solutions, and is manifested only when the two component salts 
are mutually immiscible in the solid state. Apparently the extraneous 
salt retards recrystallisation, and thus causes a finer granulation and a 
consequent increase in the lattice of the number of more loosely bound 
limiting ions of the separate crystals in the crystallites. T. H. P. 

171. Ionisation Produced by Hydration of Quinine Sulphate. (Miss) 

Chamte. (Comptes Rcndus, 177. pp. 181-184. July 16. 1923.)—The experi¬ 
ments previously described [Abstract 1271 (1923)] have been repeated 
under more exact conditions. The curve representing the diminution 
of the ionisation current, when the latter is in the neighbourhood of the 
saturation current, is symmetrical with that showing the increase in weight 
of quinine sulphate by hydration, the curves being referred to the same 
time-axis. ... T, H. P. 
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172. Rotating Electrolytic Polarisation. Q. Majorana. (Accnd. 

Lincei. Atti, 32. i. pp. 409-604. May 0. 1923.)—In 1004. Christiansen 
(Ann. Chem. Phys. 8, vol. 1 (1004), p. 433) studied the elongation and 
fission of a globule of mercury immersed in a liquid electrolyte carrying 
an increasing steady current. The author has extended these experi¬ 
ments to rapidly alternating currents, and has found a remarkable series 
of rotations and fissions, which he considers in detail. A. I». 

173. Conductance of Dilute Aqueous Solutions of Hydrogen Chloride. 
H. G. Parker. (Am. Chem. Soc., J. 46. pp. 2017-2033. Sept., 1923.)— 
Measurements have been made of the electrical conductivity at 26° of 
aqueous solutions of hydrochloric acid of concentrations between 0-04 
and 3 millimols per litTe, the solutions being made up by weight methods 
with an accuracy of a few hundredths per cent, with water with specific 
conductivity of the order 0-1 x 10-«. The values obtained for the equiva¬ 
lent conductivity exhibit a slight maximum in the neighbourhood of 
0-1 millimols per litre owing to the influence of the impurities in the 
water, which apparently cause a somewhat greater effect than with iodic 
acid (see Kraus and Parker. Abstract 411 (1923)). Comparison with 
the results of other investigators confirm the conclusions of Kraus and 
Parker regarding the considerable influence of the impurities in the 
water, and of the alkali in glass cells on the conductivity of dilute acid 
solutions. 

Determination of the " cell constant " by intercomparison with three 
standard cells over a wide range of concentration with potassium chloride 
as electrolyte yields unusual results which may be explained by assuming 
the presence of an adsorbed layer (in contact with the electrodes) with 
a resistance greater or less than that of the-body of the solution according 
as the electrolyte is negatively or positively adsorbed. On the supposition 
that hydrochloric acid is positively adsorbed and has consequently but 
slight correction for the effect of the adsorbed layer, a value for the 
" constant ” is selected at the minimum point of the " cell constant ” 
curve, which value is assumed to remain fixed in the measurements 
with the acid solutions. Extrapolation of the results on the assumption 
that the mass-action law is approached as a limiting form at infinite 
dilution gives the value 425-69 for Ao for hydrochloric acid. On the 
assumption that the value of Ao for the chloride ion at 25° is 75-8, the 
value 349-89 is obtained for the hydrogen ion at that temperature. By 
comparison of this with the value 349-93 found by Kraus and Parker 
for iodic acid, the value 349-89 ± 0-05 is deduced as the most probable 
for the hydrogen ion at 26°. the basis for the ** cell constant ” being 
more firmly established in the measurements with hydrochloric acid. 
The mass-action constant corresponding with this extrapolation has the 
value 0-105. T. H. P. 

174. Electrodiffusion. A. Gillet. (Comptes Rendus, 177. pp. 261- 
263, July 23, 1923.)—A rectangular parallelopiped of jelly containing 
*0 % gelatine and 3 % Na2S04 is subjected for a definite time to the 
action of 3-6 v. applied by means of two Pt-foil electrodes exactly fitting 
the ends of the block. The block is then sectioned and analysed, and a 
similar experiment is carried out in which the electrodes are replaced by 
jellies of composition corresponding to the layers adjacent to the elec¬ 
trodes at the end of the first experiment. The results are stated to show 
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that the behaviour is as if the current were transported by the kation 
only, and as if electrodiffusion towards the anode involved complete 
molecular translation of the electrolyte. A. B. C. L. 

175. Electro-Endostnosis and Electrolytic Water Transport. H. Remy. 

(Zeits. Elektrochem. 29. pp. 365-370. Aug. 1, 1923. Paper read before 
the Deut. Bunsen-Gescll., Hanover, May, 1923.)—When a diaphragm is 
placed perpendicularly to the direction of the current flowing through 
an aqueous electrolyte, transport of the liquid is effected both by 
electro-endosmose and by electrolytic transport of water forming a 
layer round the ions. With low ionic concentrations the electrolytic 
transport is usually negligible, but in more concentrated solutions this 
may be no longer the case. The results of measurements made with a 
number of normal and decinormal solutions show that the quantities 
of water carried in this way by alkali metal and ammonium ions are 
in the same order as those calculated from the mobilities of the ions. 
Hydrogen ions also carry a water-layer, but, if a layer of between 3 and 
9 molecules for the water transported by the chlorine ion is taken as a 
basis for calculation, each hydrogen ion is associated with between 1 and 
v2 molecules of water. T. H. P. 

176. Intermittent Current Electrolysis. Part I. The Influence of 

Intermittent Current on Overvoltage. S. Glasstone. (Chem. Soc., J. 123. 
pp. 1745-1750, July. 1923.)—The difference between the overvoltage 
values for a given metal obtained by the " direct ” and the " commu¬ 
tator ” method has been ascribed by some authors to the transfer resis¬ 
tance of a gas film situated at the surface of the electrode. On the 
other hand, some authors have questioned this view, and Dunnill attri¬ 
butes the low results obtained in the commutator method to the very 
rapid fall of potential that occurs when the polarising current is switched 
off. The present author points out that since the polarising current 
flows intermittently, the overvoltage will tend to be lower in the 
commutator method and also suggests the possibility of induced currents 
acting in the opposite direction to that of the polarising current. The 
object of the present work was to determine the effect of a perfectly 
unidirectional intermittent polarising current on the overvoltage at 
various electrodes as measured by the direct method. For this purpose a 
Tungar rectifier was used ; this was supplied with alternating current 
from a 100 -volt circuit, and was equivalent to a commutator giving 
3600 breaks per minute. By the use of switches the electrode could be 
polarised with continuous or intermittent current as desired. A direct 
current of 0-15 ampere was applied for ten minutes. Measurements 
were then taken and the direct current was replaced immediately by the 
intermittent current. It was found that the effect of the intermittent 
current was to reduce the potential of the electrode. The difference in 
potential amounted frequently to 0-2 to 0-3 volt. The potential with 
intermittent currents varies much less with variation in the current 
than it does with direct current. The author concludes that the differ¬ 
ence is partly due to the lowering of potential caused by alternating 
induced currents set up by the repeated make and break of the 
polarising current. YV R. C. 
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for instance, gives the weight of the load W. Slipping is prevented by 
an arrangement of bands as shown in Fig. 2. The author gives a mathe¬ 
matical investigation of the sensitivity of the balance for various loads, 
and calculates the form of the roller which gives uniform sensitivity, 
*.*. a logarithmic scale. . J. W. T. W. 


178. Temperature of Maximum Density of Aqueous Solutions. A. Taffel. 
(Faraday Soe., Trans. 19. pp. 99-104 : Disc., 104-105, July, 1923.)— 
The decrease in the total volume occurring when 1 gramme of a sub¬ 
stance is dissolved in water at a definite temperature to give a solution 
of a definite concentration is termed the " solution-contraction " for the 
substance at the given temperature and concentration. If the solution- 
contraction increases as the temperature at which dissolution is effected 
is lowered, then the temperature of maximum density of the solution 
is below 4°. If the reverse is the case, as happens with methyl, ethyl, 
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and propyl alcohols, the temperature of maximum density will be above, 
at. or below 4°. according as the rate of decrease of the solution-con¬ 
traction is greater, equal to. or less than the rate of thermal contraction 
of the solute. The organic non-electrolytes and also the phenols produce 
smaller molecular depressions of the temperature of maximum density 
than the binary electrolytes and the latter smaller than the ternary 
electrolytes ; the sugars, however, give depressions close to those of the 
binary salts. The specific effect of ions and molecules in this depres¬ 
sion is shown to be a result of their specific solution-contraction. T. H. P. 

179. Accurate Measurement of Short-Time Intervals. H. L. Curtis 
and R.C. Duncan. (Bureau of Standards. Sci. Papers. No. 470. pp. 17-38, 
April, 1923.)—The method consists in producing simultaneously on a 
moving photographic film a record of the occurrence of the events under 
consideration and timing lines from a tuning fork acting as a shutter. 
This shutter consists of two opaque vanes, in which narrow slits have been 
cut, mounted on the prongs of a tuning fork, so that the slits are parallel 
to the axis of the fork, and coincide when the fork is at rest. When the 
fork vibrates the two slits will coincide twice during each complete period 
of the fork. The shutter is brilliantly illuminated, and the light which passes 
through as a flash when the shutter is opened is focused on the film by 
means of a suitable optical system. The accuracy depends on the accuracy 
of the tuning forks, of which there are three classes : (1) Self-driven forks ; 
(2) forks driven by a master fork ; (3) freely vibrating forks. These 
are all discussed. Very satisfactory results have been obtained by using 
a 100-cycle fork to drive a 500-cycle fork. For problems demanding 
the highest precision obtainable, however, this method is not satisfactory. 
The inaccuracies of the preceding method can be reduced, by using a 
comparator, to a few millionths of a second. The optical system, sources 
of error, and the accuracy to be expected, are fully discussed. T. C. H. 

180. New Balance for Compensating the Temperature Error of Watches 
and Chronometers. P. Ditlsheim. (Phvs. Soc., Proc. 35. pp. 261-265, 
Aug., 1923.)—In 1765 Pierre le Roy applied the principle of the bimetallic 
rim which was later improved by Arnold and Earnshaw. Guillaume gave 
an account of the anomaly of nickel steels in his Guthrie lecture before the 
Physical Society of London, and by simply substituting a balance wheel 
with nickel-steel and brass bimetallic rim the Director of the International 
Bureau of Weights and Measures has solved the problem of the middle 
temperature (Dent’s) error, but this balance can only be used with steel 
hair springs. An advance has now been achieved with hair springs made 
from Guillaume's new alloy " elinvar.’* The combination of this spring 
with the simple monometallic balance wheel is good enough now to fulfil 
.the requirements of higher grade time-keepers. When the elinvar hair 
spring is made from a casting appropriate to a determinate linear expansion 
of the balance ring, very uniform rates over a wide range of temperature 
are obtained without need of adjustment by highly skilled timing watch¬ 
makers. The author gives details of the new balance and shows how it is 
a first attempt to reduce the barometric coefficient. The total absence of 
centrifugal force effect reduces the timing to the pure Phillips curves, thus 
facilitating the attainment of isochronism. The new form of compensation 
with the elinvar alloy is practically non-magnetic and rustless fsee also 
Abstract 1118 (1920)]. T> C . H. 
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181. Saybolt Viscosity Measurements and their Control. P. E. 

Klopsteg and W. H. Stannard. (Indust, and Engin. Chcm. 15. 
pp. 702-707. July. 1923.)—Particulars arc given of the construction of a 
thermostatic bath and regulator designed more especially to conform 
with the requirements of the American Society for Testing Materials in 
the matter of temperature control for purposes of measuring the viscosities 
of lubricating oils by means of the Saybolt viscometer. The vessel 
containing the bath liquid is made narrow so as to secure two- 
dimensional circulation of the latter, and its bottom corners are rounded 
off. A regulator, of the de Khotinsky type, made of thermostatic metal 
is employed. The heating current is interrupted periodically by a 
separate mechanism, the thermally controlled contact closing the circuit 
on the cylindrical surface of a rotating disc. The setting of the contact 
from the " on '* to the " off " position or vice versa is definitely effected 
by a change of 0 03°C. Stirring is produced by a screw of thin metal 
slipped over the lower end of the thermometer which is caused to 
rot ate. J. S. G. T. 

182. The Surface Tension Balance. R. G. Green. (Indust, and Engin. 

Chcm. 15. pp. 1024-1025, Oct., 1923.)—In this paper a new type of surface 
tension balance is described for rapid measurement purposes, while affording 
standard values of reasonable accuracy. The drop weight method has 
been utilised, since corrections for standard values can be made thereby 
so small as to be negligible, and. in the procedure adopted, less than 5 
drops of liquid arc necessary for measurement. No calculations arc used 
and the drop weights arc not actually determined, the surface tension being 
indicated upon an adjustable scale directly in dynes per cm. Searle s 
torsion wire balance is briefly referred to (see Abstract 818 (1914)). 
Accuracy is claimed to within 1-2 tenths of a dyne. H. H. Ho. 

183. Surface Tension of Iron Sulphide. E. J. L. Holman. (Iron and 
Steel Inst.. J. 107. pp. 517-522 ; Corres.. 523. 1923.)—Surface tension plays 
an important part in the diffusion or segregation of sulphur in iron and 
steel. Its value for iron sulphide is determined by the method of measure¬ 
ment of drops—in this case castings of 800 grammes on a warm iron 
surface. The surface tension T is calculated from T = gdh 2 f 4. where h 
is the thickness of the casting and d its density, and a value 494 dynes/cm. 
was found for iron sulphide. For comparison, the measurement was 
also made in the cases of tin (462), lead (375), zinc (635), copper (940), 
and aluminium (477) and these values are tabulated with those found by 
Quincke and others. (See also Abstracts 1319 (1917) and 1253 (1919).’] 

G. E. A. 

184. Angle of Contact between Paraffin Wax and Water. R. Ablett. 
(Phil. Mag. 46. pp. 244*256, Aug., 1923.)—A special apparatus is devised 
in order to afford a more accurate method of determining the contact 
angle. The method consists essentially in immersing a cylinder, coated 
with wax, with its axis horizontal, to such a depth that the free liquid 
surface is plane right up to the line of contact with the curved surface 
of the cylinder. Readings are taken with the cylinder s 
in rotation. Experimental details and precautions to > 
and accuracy are given in detail. The mean value t&jWangle of 
contact at 10° C. with the cylinder stationary is lO^Jp-S^- The results 
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obtained with the cylinder rotating are discussed in relation to the con¬ 
dition of a rising or falling meniscus. A note on the precise signification 
of the term ** wetting ” is added. A. B. C. L. 

185 . Structure of Thin Films. Parts IV and V. N. K. Adam. (Roy. 
Soc., Proc. 103. pp. 676-686 and pp. 687-695, July 2, 1923.)—Benzene 
derivatives, such as hexadecyl phenol, containing one long chain and one 
polar group in the para position orient on water surfaces like fatty acids, 
the phenol group forming the head of the molecule in contact with the 
water. Measurements of the cross-section of the head give a result in good 
agreement with the corresponding cross-section of the nuclei of aromatic 
compounds, deduced from Bragg's measurements on crystals. The 
relation between the films on water and the monomolecular layer which 
would be obtained by repeated cleavage of the crystal is studied and 
explained. Films of these compounds show the usual phenomena of 
expansion analogously to a two-dimensional vapour as previously de¬ 
scribed [see Abstracts 6 and 390 (1923)]. Compounds such as cetyl 
palmitate, palmitic anilide, etc., which contain one polar group placed 
between two chains, or one chain and a ring, do not adhere to a water 
surface well enough to give measurable condensed films, though in the 
expanded state such films are often more stable. 

Bromine in the a-position in the bromo-acids and esters increases the 
cross-section of the molecules in the films. It lowers the temperature of 
change from condensed to expanded films, but does not appreciably 
affect the properties of the films when expanded. The double linkage in 
the a/3-position relative to the COOC^H^ group increases the cross-section 
of the molecules in the films, as is also found with iso-oleic acid. The 
transition between two forms of condensed film, such as those found with 
the substituted ureas, seems exactly analogous to that between two poly¬ 
morphs or allotropic modifications of solid substances. The law governing 
the increase of the temperature of expansion of the films with increasing 
length of the hydrocarbon chains is confirmed in eight homologous series. 

A. B. C. L. 


186. Isothermal Compression and Expansion of " Superficial Solutions " 

(Monomolecular Layers of Oleic Acid on the Surface of Water). A. Marcelin. 
(Comptes Rendus. 177. pp. 41-43. July 2. 1923.)—Two arrangements of 
apparatus are described, one of which is suitable for measuring tensions 
between 0-5 and 40 dynes-cm., the other being of great sensibility and 
capable of measuring up to 1/1000 dyne-cm. The saturation pressure 
for oleic acid is given at 40 dynes-cra. and is found to remain constant 
in the presence of droplets under all circumstances of compression and 
expansion. In the absence of droplets the pressure diminishes rapidly, % 
falling from 40 dynes-cm. in 1 minute, and 15 dynes-cm. in 5 minutes, 
this effect being attributed to the imperfect insolubility of oleic acid in 
wat * r - A. B. C. L. 

187. Bath Temperatures of Viscometers of the Saybolt Type. W. H. 
Herschel. (Indust, and Engin. Chem. 15. pp. 945-946, Sept., 1923.)—It 
is pointed out that, in order to obtain consistent results, standard tempera¬ 
tures should be adopted for the Saybolt viscometer bath. Times of flow 
thus obtained cannot be used to calculate absolute viscosities at the nominal 
temperature of test unless allowance is made for the difference between 
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that temperature and the average temperature of oil in the outlet tube 
during the run. The variation of temperature in the oil tube may be 
observed, in the Universal and Furol (U. and F.) viscometer, from readings 
of a thermometer kept in the oil tube during the run. and the average oil- 
tube temperature may be used in calculating correction factors for obtaining 
the absolute viscosity at the nominal temperature of test. The U. and 
F. viscometer is briefly described and illustrated diagrammatically. By 
changing the outlet tube, the instrument may be used either as a Saybolt 
Universal or as a Saybolt Furol viscometer. A. B. C. L. 

188. A Relation between the Viscosity of a Liquid and its Coefficient of 
Expansion. D. B. Macleod. (Faraday Soc., Trans. 19. pp. 6-16; 
Disc., 34-37, July, 1923.)—In the case of homologous scries of carbon 
compounds it is found that the viscosity in general rises with the higher 
members and the temperature coefficient of expansion falls. It is 
considered that the observed relations can be explained on the assumption 
that the viscosity is due to two factors, one of which depends on the 
molecule itself, and. in the case of normal unassociated liquids, may be 
assumed to be independent of the temperature, while the second factor 
is a simple function of the space within the liquid in which the molecules 
are free to move. If rj, be the viscosity of a liquid, and x, the volume 
of the free space associated with a definite volume of molecules at any 
temperature t, it is found that the relation rj,x? = const, is closely 
followed. With normal liquids the value of A is approximately unity, or 
the viscosity is inversely proportional to the free space. In accordance with 
this view the value of the viscosity at a temperature t° C. relatively to 
the value at 0° C. is given by the expression : 


Vo _ (*o + at + 8‘ 2 + yfi\ * 


Vt 


*o 


which rnvo ves two unknowns «■ and A. By a method of approximations, 
suitable values are given to * to make A have the same value at different 
temperatures. A better agreement with known data is given by this 
relation than in the case of earlier formula?. 

The observed increase in viscosity with rise of molecular weight in a 
homologous series is thus explained by the diminution of free space on 
ascending the series. This view is supported by a consideration of the 
densities of homologues on the assumption that the mean atomic spacing 
remains the same. The value of * is found to be greater for iso compounds, 
wrnen is in agreement with their lower density. In the case of fatty acids 
and alcohols, especially, the value of A is considerably greater than unity. 
Derng as high as 3-4 in the case of iso-butyl alcohol. Liquids which give 
« va ues °* ^ belong to a class of substances whose molecules are known 
to be associated at ordinary temperatures. This association attains its 
highest value m the case of colloids. It is probable that the association 
tends to break up at higher temperatures. 

A similar relation to the above is obtained with gases at pressures where 
.Boyle’s law ceases to hold, when the viscosity is no longer independent 
of the pressure. It is shown from available data in the case of carbon 
bisulphide that with liquids under pressure an increasing rate of rise of 
viscosity occurs with rise of pressure, as is expected from the theory. 
Fufjher, the estimated value of the free space is—as required by van der 
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Waals’ theory—similar for different liquids at their boiling-points and is 
of the order required by that theory, the values for a at these temperatures 
being of the order of from 0*19 to 0-21 Tsee Abstract 1723 (1908)]. 

J. N. P. 


189. The Viscosity of Liquid Mixtures Showing Maxima. D. B. 
Macleod. (Faraday Soc., Trans. 19. pp. 17-34; Disc. 34-37, July, 1923.) 
—From a consideration of the changes of free space, it is deduced that in 
cases of mixtures of liquids of widely-differing viscosities, the resultant 
viscosity is not the mean of the two viscosities, but lies on a sagged curve. 
This relation is borne out by such mixtures as glycerine-water and sul¬ 
phuric acid and water. 

The marked increase of viscosity which generally occurs on mixing 
liquids of approximately the same viscosity is attributed mainly to the 
increase of density which in turn is due to the chemical affinity between 
the constituents. This effect is analogous to the contraction and the 
accompanying increase of viscosity which occurs on cooling. It is probable 
that complexes which are formed further reduce the free space and conse¬ 
quently increase the viscosity. The most marked maximum is observed 
with mixtures of aniline and acetic acid. 

These two factors can both be covered approximately by an equation 
of the type : 

( X \ A l r I + A * r * 

J^c) 

where x represents the free space of the mixture per c.c. of volume before 
contraction, and C the contraction per unit volume; A,, A. arc constants 
for each constituent; tq, r 2 the percentage composition, and: 

Vv = Vl v i + W 2 

[See Abstracts 2747 (1904), 1602 (1907), 1723 and 2056 (1908).] 

J. N. P. 

190. A Relation between Surface Tension and Density. D. B. Macleod. 
(Faraday Soc., Trans. 19. pp. 38-41 ; Disc.. 41-42, July, 1923.)—An 
empirical relation between surface tension and densities of a liquid at 
different temperatures ranging from the melting-point to the critical 
temperature, which has been found to agree closely with experimental 
figures, is of the form y/(<r, - ov)« = C where C is a constant for each 
liquid, y the surface tension at any temperature, and a t and a v the 
densities of the liquid and the vapour at the same temperature. This 
relation is in accordance with van der Waals’ equation in which it is assumed 
that the force of attraction between the molecules diminishes as the fourth 
power of the distance between the molecules. The agreement in the case 
of associated substances, such as alcohol and acetic acid, is less satis¬ 
factory. The specific cohesion of a liquid, a 2 , which is measured by the 
height to which a liquid rises in a capillary tube of unit radius, bears a 
relation to y which is expressed as follows : a 2 = 2y/(«y| - ct„), whence 
a- = 2C(a/ — a*) 3 , or the specific cohesion of a liquid at various tempera¬ 
tures is proportional to the cube of the density difference. J. N. P. 

191. The Coefficient of Viscosity of Helium and the Coefficients of Slip 
of Helium and Oxygen by the Constant Deflection Method. M. N. States. 
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(Phys. Rev. 21. pp. 602-671, June. 1923.)—The recent work of Stacy and 
van Dyke [see Abstracts 1716 and 2059 (1923)] on the coefficients of slip 
of air and carbon dioxide showed clearly that these quantities depend 
upon the nature of the bounding surfaces. The coefficient of slip was larger 
for the smoother surfaces, indicating that these reflected a greater number 
of molecules specularly. The present paper extends this work to different 
surfaces and gases. In addition, the chemical composition of the surface 
used afforded an excellent opportunity for studying the " time-effect " 
on the slip, while the coefficient of viscosity of helium was also determined. 
The constant deflection method was used, the apparatus being that with 
which Gilchrist and Harrington determined the absolute value of the 
coefficient of viscosity of air. Improvements in this apparatus are 
fully described together with the experimental procedure adopted. 
Using carefully purified helium, which showed only a spectroscopic 
trace of hydrogen. 6 series of measurements at about 23 C. gave 
r ]23 *= 1962*3(10)“ 7 . This is about 2 % less than values obtained by the 
capillary method, but is believed correct to within 0* 1 %. The co¬ 
efficients of slip of helium and oxygen for polished and unpolished silver 
oxide surfaces were determined, and the values obtained for (10) 7 
are : for the unpolished surface. 123 (He). 61 1(0) ; for the polished sur¬ 
face, 160 (He), 64-5 (O). These arc probably accurate to 1 %. From 
Maxwell’s equation, the values for complete diffuse reflection, which arc 
the minimum values, are computed to be 191 (He) and 70 (O). The low 
experimental values suggest a " reverse-specular *' reflection; or. perhaps 
the abnormal momentum transfer at the surface may be attributed to 
an excess of molecules leaving the cylinders due to the release of oxygen 
at low pressures. The change of the slip with time, observed in previous 
work, is shown to be due to the release of occluded gases, chiefly oxygen 
in the case of a silver oxide surface. H. H. Ho. 

192. Variation of Pressure with Depth in Columns of Powders. J. H. 
Shaxby and J. C. Evans. (Faraday Soc., Trans. 19. pp. 60-72 ; Disc., 
86-89, July, 1923.)—It was shown by C. E. S. Phillips experimentally 
that a downward force applied to the top of a column of sand is not 
transmitted to the bottom if the column is more than a few diameters high. 
Assuming that the powder behaves to some extent like a liquid with a 
definite coefficient of friction with the wall of the containing tube, it is 
possible to represent the facts mathematically in the form : 

or, in the absence of external pressure : 



where p is the vertical pressure at a depth x below the free (horizontal) 
surface of the powder contained in a vertical cylindrical vessel of radius R ; 
p the mas per unit volume of the powder in the given state ; c a constant 
given by the equation cp = fxp' where p' is the horizontal pressure at the 
depth x ; p. is a coefficient of friction and P is the external pressure applied 
vertically downwards at x = 0. Pressure is a function not only of the 
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depth but also of the state of packing. For experimental work equation (1) 
can be written in the form : 


where p m { = pgR/2c) is the maximum pressure and k( = pg/p m ) is a constant. 
If the surfaces of equal pressure are conical instead of plane, the equation 
for average pressure p a is given by : 


where C and k are constants. Three methods of measuring the pressure 
are described. The first proved unsatisfactory. A table of results of the 
second method is given, equation (3) fitting the corresponding experi¬ 
mental curve well. The third method and the four sections of experiments 
in connection with it are described very fully. Curves and tables of 
results are given. Measurement of the average vertical pressure p a at 
various depths .r in columns of lead shot and powder indicate an exponential 
increase of p with x. The general form of the pressure-depth curves agrees 
well with equation (3). T. C. H. 


Powders. Part VI. Compressibility of Powders. 
aday Soc., Trans. 19. pp. 73-82; Disc., 86-89, 
July, 1923.)—The author treats of the compression 
of powders by static loads and by impact. The 
figure gives a sectional elevation of the container 
in which the powders were compressed. The hard 
tool steel plunger C is an easy working fit in the 
cylinder A A 

facilitate the escape of air. 


Narrow grooves DD are cut on it to 

_ , _ The volume of the 

' powder is expressed by the ratio: 

. observed volume of powder ' 

p - - B . . V'Ti theoretical volume of solid particles 

referred to as the volume ratio and represented 
by the symbol V. If M = mass of drop weight 
and w _ mass of plunger (both in kilograms) ; h = height of drop (cm.); 
V = velocity of impact (cm. per sec.); W = work done on powder 
(kilogram cm.) ; R = resistance to compression (kilograms/sq. cm.); 

V x and V 2 = volume ratio before and after blow, respectively, and 
y - quantity of power taken (expressed as cubic cm. of solid), we get: 
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a cylinder by a plunger, the density of the powder is not evenly distributed, 
but is greatest immediately beneath the plunger, gradually falling oil as 
the distance from the plunger increases. A long sectioned container 
2-28 cm. in diameter was employed to examine this density gradient 
experimentally. The results are recorded graphically by means of curves, 
the volume ratios (that is the ratio of the apparent volume of powder 
to the actual volume of particles) being plotted as ordinates and the distance 
of the layer from the surface immediately beneath the plunger as abscissa?. 
The curves are straight over the greater part of their length. As the volume 
ratio approaches 1*0, the curves obviously become horizontal, as there can 
be no density gradient in the solid material. From results obtained it is 
seen that in the equation for the part of the curves which is a straight 
line, V = C + »»i/, where V = volume ratio of the thin layer 1 cm. from 
the surface at which compression takes place, the gradient constant m is 
roughly proportional to the fourth root of the cross-sectional area. From 
the curves the distribution of pressure in a column of compressed powder 
is deduced. T. r 11. 


195. Detector for Water-Vapour in Closed Pipes. E. R. Weaver and 
P.G. Ledig. (Indust, and Engin.Chein. 15. pp. 931-934. Sept., 1923.)— 
This apparatus for determining the approximate concentration of water- 
vapour in a gas consists of a piece of 
Straight glass tubing sealed at one 
end. Near the closed end two plati¬ 
num wires are sealed through the 
glass and fused against the outer 
surface of the tube, which is then 
frosted with a paste of barium sul¬ 
phate and ammonium fluoride. The 
ends of the platinum wire inside the 
tube are soldered to copper leads, the 
outside of the cell being carefully '° 3S 
platinised. The tube is then coated 
with paraffin and a line etched round line etched 
it with hydrofluoric acid to break 
the continuity of the platinum sur¬ 
face ; the separation surface and the 
platinised electrode surfaces being 
painted with a dilute solution of some 

hygroscopic electrolyte. The tube itself is. filled with melted paraffin, 
which is allowed to solidify and the apparatus is mounted in any suitable 
manner. The resistance to an alternating current of the film bridging 
the " scratch ” between the electrodes is a measure of the concentration 
of water-vapour present. Sulphuric and phosphoric acids and various 
hygroscopic salts can be used in forming the conducting film. The authors 
describe the laboratory experiments, the method of application, and the 
limitations of the device. The figure gives a general idea of the detector. 
[See also Abstract 2 (1921).] T. C. H. 

196. Aeronautic Instruments. F. L. Hunt. (Bureau of Standards, 
Technol. Papers No 237. pp 447-511. Washington. 1923).—The object 
of this paper is to describe the various types of aircraft instruments in 
actual use in different countries,, with special reference, however, to American 
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practice. A definite grouping of the instruments is adopted, as follows : 
Altitude. Speed, Orientation Engine, Navigating and Special Instruments, 
including oxygen, recording, strut and gas temperature thermometers, 
timepieces, and manometers and hydrogen leak detectors. In the first 
group, altimeters, barographs and statoscopes are described briefly. 
Among the air-speed instruments dealt with, may be mentioned the 
Foxboro and Bristol double bellows, and double diaphragm types, 
respectively, the Pensuti pressure-plate and the Morell-cup anemometer 
indicators. Hot wire and propeller type air-speed indicators are referred 
to also. The Bureau of Standards rate-of-climb indicator with single 
diaphragm, on the capillary leak principle is described. In connection 
with compasses, one resembling the well-known Creagh Osborne 5/17 
type, and termed the General Electric inclined card compass is described. 
The Sperry combined horizontal and vertical compass used in the 
American air services is also described. Reference is made also to the 
Sperry air-driven and the Drcxler electric gyro-turn indicators. Amongst 
the inclinometers described may be noted the Sperry air-damped pendulum 
lateral, and liquid damped pendulum fore-and-aft inclinometers. Various 
types of centrifugal, chronoinetric and magnetic revolution indicators 
are described. 

The float-type, and hydrostatic-pressure type of petrol depth gauges 
are both dealt with, and several original differential pressure single and 
multiple diaphragm types are illustrated. The petrol flowmeters mentioned 
include an old pattern R.A.F.. vane, and an American slit-tube float, type. 
Thermometers are also referred to and descriptions given of both liquid- 
filled and vapour-pressure types. The Byrd bubble, and the R.A.E. 
(Booth) sextants are included in the navigation instruments, as well 
as the Derrien gyro and Schwarzschild bubble types. Amongst the 
oxygen regulators described, may be mentioned the van Sicklen-Prouty 
and Drcyer ones. In the recording instrument section reference is made 
to the Toussaint-Lepdrc air-speed recorder, the Bristol recording tacho¬ 
meter. and Richard baro-thermo-hydrograph (an instrument which gives 
records of temperature and humidity, in addition to barometic pressure). 
Resistance thermometers are used for gas and atmosphere temperature 
measurements on aircraft, in America ; several resistance elements are 
located at different points on the aircraft, the temperature of each point 
being successively determined on an indicator. Among the airship 
instruments mentioned arc the British water-ballast gauge. Pioneer gas- 
pressure metallic manometer, and Davis hydrogen leak detector. Most 
of the instruments described or referred to are illustrated in the 68 
excellent photographic reproductions included. A. W. J. 

l? 7 ; l he Det f vmination of the A Uitude of A it era ft. W. G. Brombacher. 
l 9 P ; cal T S u oc - of Am erica. J. and Rev. Sci. Inst. 7. pp. 719-774. Sept., 
l lr, S ,S a . fairly complete account of the general principles of 
height determination and of the practical methods which are being made 
to afford a satisfactory solution of the problem. The need for a method 
of-accurate determination of altitude, from the aircraft itself, for aerial 
photographic survey, navigation, performance tests, and for bombing 
is emphasised. Referring to the use of correctly calibrated altimeters, 
with small errors, the author states that those in use are pressure 
measuring instruments, whereas a coordination of both pressure and 
temperature is essential. Further, if an altimeter be calibrated to an 
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altitude-pressure relation which includes one of altiludc-lcmperalurc 
based on means of observations, the indications of the altimeter may lie- 
in error by as much as 5 per cent., due to annual temperature variations 
from the mean values. It is considered essential that both pressure 
and temperature be observed for altitude determination, and the following 
relation is arrived at: 

* = 62000 log ^'(l + <J! 4§3^) 

where h is the height in feet. P 0 is the atmospheric pressure at ground 
level. P is the pressure at the upper level, and /*, is the mean temperature 
centigrade, of vertical column of air between the levels. A more complete 
expression for the altitude is also derived in which factors of slight 
practical importance, such as gravity and moisture, are included. The 
observation^ of pressure and temperature necessary to determine an 
altitude are discussed, and the instruments used to make these observa¬ 
tions described, briefly. The method of computation of the altitude 
from these observations is outlined and a sample computation is given 
by way of example. The paper concludes with sixteen tables of upper 
air data, aircraft performance standards and altimeter calibration 
standards for the United States and other countries. A. W. J. 

198. Self-Registering Apparatus /or Automatically Recording Ionisation 
and other Curves. P. Knipping. (Zeits. Instrumcntenk. 43. pp. 241-236. 
Aug., 1923.)—The photographic registering drum is mounted on the 
same shaft as the switch, which regulates the voltage between the 
incandescent kathode and the grid, accelerates the electrons, and produces 
the velocity which ionises or excites the molecules of the gas under inves¬ 
tigation. Light from the mirror of the galvanometer, which measures 
the ionisation current, or other current produced in the tube, falls on 
the photographic film, the deflections being along the length of the drum, 
or at right angles to the displacements due to the voltage changes. A 
device is employed in which a small additional lamp is lighted at regular 
intervals, and prints a series of lines on the film, parallel to the axis of 
rotation, corresponding to equal increments of voltage. This enables 
the curves taken to be measured with accuracy. The galvanometer 
lamp can be automatically switched on and off in a regular manner during 
a run ; so that the line recorded is dotted in a distinguishing manner, 
and a number of curves may be taken on the same film, and easily identified. 
It is possible to shift the apparatus parallel to the axis, so that the different 
curves taken are separated from one another. The shaft can be driven 
at constant speed, which can be varied within large limits, by means 
of a special motor, and special switching arrangements were made so 
that measurements could be carried out in the darkened room, which 
could only be lighted by means of a red lamp, which did not affect the 
photographic film. The following investigations have been carried 
out with this apparatus : ionisation and excitation of light in helium 
and in hydrogen (not as yet completed) ; ionisation of the halogen com¬ 
pounds of hydrogen, and of complicated compounds such as acetic acid : 
these last have as yet given no definite values, but show the enormous 
influence of small quantities of water-vapour ; ionisation of water-vapour 
(incomplete) ; exit work of the electrons from different incandescent 
wires. H. N. A. 
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199. Effect of the Rolling of a Ship on the Readings of a Marine 
Mercury Barometer. M. A. Giblett. (Phil. Mag. 46. pp. 707-716, 
Oct., 1923.)—A comparison at sea, between the readings of a marine 
mercury barometer and an aneroid, suggests that at times there may 
be a persistent depression of the mercury in the former without pump¬ 
ing ; this may be due to the forced oscillations of the barometer caused 
by the rolling of the ship. If the angle of roll is small, periodic motion 
of the point of support of the barometer gives the instrument a free 
oscillation superimposed on a forced oscillation. The equation for the 
motion of the mercury, due only to the forced oscillation, is deduced ; 
this shows that the mercury oscillates about a mean height usually less 
than the true height. Curves are included from which the depression 
of the mercury may be determined, given the period of the forced 
oscillation and the displacement of the point of support of the barometer. 
The oscillations of the mercury are generally less than 0-25 mb., and 
in many cases negligible. * A. W. L. 


200. Friction of Pivotal Movements. A. Jaquerod, L. Dcfossez, 
and H. Mugcli. (Arch, des Sciences. 5. pp. 305-309, July-Aug., 1923.)— 
A description of researches made with very small pivots (0-9 mm. diameter) 
working between jewels, such as used in watch-making. Taking the case 
where the spindle is horizontal, it was found, after studying the influence 
of speed of rotation, that the results presented the same general character 
as those of Stribeck (working on spindles several cm. in diameter), who 
interprets the hydrodynamic theory of Sommerfeld. The coefficient 
of friction diminishes rapidly at first as the speed increases, passes a 
known minimum, then immediately increases indefinitely. The viscosity 
of the lubricant plays a most important part. The results are represented 
empirically by the equation : 

+ Ao> 

where / is the coefficient of friction, co the angular velocity, and /„, A, and 
A constants depending on the bodies in contact. T. C. H. 


201. Engineering Problems Solved by Photoelastic Methods. E. G. 
Coker. (Frank. Inst., J. 196. pp. 433-476. Oct., 1923. Two lectures 
deUvercd at the Royal Institution of Great Britain, May, 1923.) 


202. The Value of the Energy Relation in the Testing of Ferrous Metals 
at Varying Ranges of Stress, and at Intermediate and High Temperatures. 
T. M. Jasper. (Phil. Mag. 46. pp. 609-627. Oct.. 1923.)—Complete 
information as to the static, elastic, and fatigue properties of metals at 
high temperatures is desired by the designers of steam turbines and 
high-speed internal combustion engines. Goodman's diagram showing 
the relation between the range of stress allowable and the maximum 
stress has been checked for a considerable range by the investigators 
working on the fatigue of metals at the University of Illinois, but with 
heat-treated steels the agreement ceases to be good. Investigations of 
the energy relation have shown that this is applicable to fatigue testing 
at ordmary temperatures, and to static testing at high temperatures, 
and suggest its application to fatigue testing at high temperatures. At 
ordinary temperatures it is found that the energy per unit volume 
absorbed by the most stressed portion of the material is very nearly 
VOL. XXVII.—A.— 1924. 



GENERAL PHYSICS. 


60 

constant. Using this fact, a diagram showing the maximum allowable 
range of stress, on a base representing the ratio of maximum to minimum 
stress, has been constructed, and is given in the paper. To use this 
method at high temperatures a knowledge of the moduli of elasticity as 
functions of temperature is required. It is shown that Sutherland’s 
relations hold, in the case of ferrous metals, up to 000° C., but Young’s 
modulus falls off so much in that neighbourhood as to suggest an as yet 
undiscovered " critical ” point. In the appendix it is suggested that 
the* use of the energy relation at high temperatures is limited to those 
below that at which the steel was quenched. Reference is also made to 
some results obtained at the University of Illinois, showing that the 
energy per unit volume absorbed in stressing to the yield point in tension 
tests is constant for temperatures up to 950° C. W. G. B. 

203. Elasticity of Metals as Affected by Temperature. C. Schaefer. 
(Zeits. f. Physik, 17. 2. pp. 152-154, 1923.)—It had been stated by A. 
Mallock (see Abstract 666 (1919)) that there had been no systematic 
investigation of the temperature variation of the clastic constants, though 
there had been a few measures of the kind made in Switzerland and 
America. The present author here points out that such investigations 
have been made in Germany, viz. (1) by Katzcnelsohn in 1887 and (2) by 
himself in 1900-1901 [see Abstract 2377 (1900)]. These two investiga¬ 
tions are in good agreement, and the author considers the results of A. 
Mallock to be of a less accurate character. A comparison of the English 
and German work is given in the table. 


Material. 

Melting-Point. 

Percentage o( Elastic Modulus for 100* C. 

A. Mallock. 

C. Schaefer. 

Pt 

•c. 

1765 

1 

0-73 

Pd 

1542 

1 

1-98 

Fe 

1500 

1 

2-25 

Ni 

1452. 

4 

2*46 

Au 

1070 

11 

— 

Cu 

1082 

13 

3*63 

Ag 

970 

13 

7-65 

Ai 

645 

16 

21-32 

Zn 

619 

36*6 

— 

Pb 

327 

29 



E. H. B. 


204. Time Law of the Inelastic Deformation of Zinc and Iron. O. 

Brezina. (Phys. Zeits. 24. pp. 338-344, Aug. 15, 1923.)—The effect of 
time on the deformation of zinc and iron was investigated, and the 
results discussed mathematically. The paper does not lend itself to 
abstracting. F. J. B. 

205. Coefficient of Rigidity and Young's Modulus for Selenium Crystals. 
L. P. Sieg and R. F. Miller. (Iowa Acad. Sci., Proc. 28. pp. 103-111, 
1921.)—Elastic constants determined from drawn wire are not so much 
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characteristic of the substance itself as of the particular physical state 
of the substance. The employment of an isolated crystal of a simple 
elementary substance should, however, enable determinations to be 
made of the elastic constants of the substance itself. The authors describe 
experiments which they have made upon crystals of selenium with the 
object of determining Young’s modulus and the coefficient of simple 
rigidity. The crystals were in the form of slender hexagonal prisms, 
and in determining Young’s modulus the method of bending was employed, 
all measurements being observed with a travelling microscope. For 
the determination of the coefficient of rigidity, observations were made 
of the period of vibration of a torsion pendulum using the crystal as the 
support. The results of a number of experiments give a mean value for 
Young’s modulus Y = 5 40 x 10 n dynes per cm. 2 showing an elasticity 
about one-third that of steel. The mean value obtained for the coefficient 
of rigidity was n = 0 65 x 10 11 dynes per cm. 2 . The ratio Y/n is equal 
to 8’ 3 which is unusually high as compared with isotropic substances. 

L. F. M. 

206. The Theory of Bending. W. Hovgaard. (Inst. Naval Architects, 
Trans. 65. pp. 339-347 ; Disc.. 348-349. 1923.)—A proof, based on the 
" Principle of Least Work," of the essential correctness of the usual 
procedure in dealing with the bending of composite beams, i.e. that the 
strain is proportional to the distance from the neutral axis. Examples 
of the application to semi-rigid airships, and to reinforced concrete beams 
arc given. For mathematical details the paper must be consulted. 

W. G. B. 

207. On Eddies in Air. H.Nisi and A. W. Porter. (Phil. Mag. 46. 
pp. 754-768. Nov., 1923.)—The relation between the critical velocity, 
i.e. that at which eddies commenced to form, and the dimensions of 
the obstacle and the wind-channel for spheres, cylinders, and plates was 
obtained by the usual methods. For spheres and cylinders, the value 
of the Reynolds number corresponding to the critical velocity was found 
to be given by the formula: 

A, 4- Aof £Y* = diam. of obstacle \ 

"\D/ \D=*diam. of channel/ 

and n was practically \. In the case of plates, both width and thickness 
must be taken into account. To do this three sets of experiments were 
made, with (a) plates of various widths and constant thickness, (6) plates 
of various thicknesses and constant width, and (c) plates for which the 
ratio of thickness to width was constant. In series (a), plotting critical 
velocity against reciprocal of width gave almost a straight line ; in series 
(6) so did plotting critical velocity against (width)»; while in series ( c) 

• the linear relationship between critical velocity and reciprocal of width 
was no longer an accurate representation of the results. From the photo¬ 
graphs of the eddies, the velocity components at various sections of the 
stream were obtained, and the results are given in a series of graphs. 
The dependence of the positions of the neutral point and the centres of 
the eddies on the velocity of the stream was also studied. For spheres 
and cylinders, these distances are found to be nearly proportional to 
the square of the velocity, but with plates, they are proportional to the 
velocity itself. Some photographs of the eddies are given. W. G. B. 
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208. Law of Fall of a Sphere through a Gas and the Nature oj Molecular 
Reflection. R. A. Millikan. (Phys. Rev. 22. pp. 1-23. July, 1023.) 
From oil-drop experiments and theoretical considerations, an empirical 
law of fall is evolved to represent the resistance to motion of a sphere- 
through a gas at any pressure. The general form is : 

F = torrjav [1 + (A -{- He-"/') //«]-* 

where a is the radius of the drop. / the mean free path, i) the viscosity, 
and v the velocity. For oil drops in air A - 0*864. B u-20o. 
C= 1-25. Other results show that A depends both on the gas and 
on the material of the sphere while A B is nearly constant. The theoretical 
value of A + B for various types of molecular reflection is compared 
with that deduced by experiment and the evidence is shown to point 
to diffuse reflection with a small fraction of specular reflection. Apparent 
discrepancies in the results of Gaede and Knudsen arc shown to be 
easily explainable, and these authors' observations come well into line 
with the author’s results. A. Wli. 

209. Physical Properties of Elements at High Temperatures . M. N. 
Saha. (Phil. Mag. 46. pp. 534-543, Sept., 1923.)—A theoretical paper, un¬ 
suitable for abstraction, dealing with certain points which arc stated to have 
been lightly passed over by recent workers (see Abstracts 1398 (1921) 
and 714 (1923)]. Referringto the work of Darwin and Fowler, the author 
states " no theory of dissociation-equilibrium can be said to be complete 
unless it takes account of the mutual interaction between matter (atoms) 
and radiant energy, because at high temperatures exchange of energy 
takes place mainly by radiation and only to a slight extent by collision." 
This point is then developed by a consideration of the simplest case, the 
binding of an electron with a proton to form an H-atom. He then pro¬ 
ceeds to a consideration of the deduction of the law of reaction isochorc 
for the ionisation of the H-atom. The subsequent part of the paper 
deals with (a) Fowler's work on the reaction-isobar of the ionisation of 
the H-atom, (fc) electrical and optical properties of ionised gases, and 
{c) the mean free path of an electron in a mass of ionised gas. E. G. 

210. The Fine Structure of some Sodium Salts of the Fatty Acids in 
Soap Curds. S. H. Piper and E. N. Grindley. (Phys. Soc.. Proc. 35. 
pp. 269-272, Aug., 1923.)—X-ray photographs of soap curds composed 
of sodium laurate, sodium myristate or sodium palmitate show lines due 
to reflections from planes with spacings respectively equal to 33 5 A.U., 
38‘6 A.U.. and 43*5 A.U. These spacings increase uniformly with the 
number of CH 2 groups in the molecule, and indicate an effective length 
of 1-25 A.U. for the CH 2 group. The explanation of the wide spacings 
and certain other close spacings observed is afforded.by assuming the 
curds to be in the smectic state described bv Friedel f Abstract 1397 (1923)]. 

J. S. G. T. 

211. Lattice Deteryninations by Means of Layer Lines. H. Mark, 
K. Weissenberg, and H. W. Gonell. (Zeits. Elektrocliem. 29. pp. 364- 
365, Aug. 1, 1923. Paper read before the Deut. Bunsen-Gesell., Hanover, 
May, 1923.)—Poldnyi’s relation between the layer lines, obtained in 
the X-ray diagrams of rotating crystals, makes it possible to obtain 
directly the identity periods, and thus the distances between identical 
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points in the lattice. The authors have used the method with a number 
of different crystals, including rhombic sulphur, which they have rotated 
about its three principal axes. Their values for a, b, and c agree with 
those of Bragg. The crystal has been proved not to be base centred 
as Bragg supposed. This is important, since the elementary body con¬ 
tains 16 atoms, while it is geometrically impossible to build up a rhombic 
simple, primitive, elementary body out of 16 components of equal value ; 
thus the S atoms in the lattice cannot all act identically, and must be 
combined in molecules of 2, 4, or 8 atoms. H. N. A. 

212. Crystal Structure and Chemical Constitution of Basic Beryllium 
Acetate and Propionate. W. Bragg and G. T. Morgan. (Roy. Soc., 
Proc. 104. pp. 437-451, Nov. 1, 1923.)—The coordination number of 
an element represents the maximum number of associating units which 
can be grouped round the atomic sphere ; in the case of elements of 
medium atomic volume this number is generally six ; but with small 
atomic volume it is diminished to four or even less. Reference is made 
to Wyckoff’s work on the hexamminonickcl halides, that of Wvckoff and 
Posnjak on ammonium platinichloride. and of Wvckoff on cassium 
dichloriodide. W. L. Bragg’s work onNa N0 3 and CaC0 3 is also mentioned. 
The elements of the first short period, from lithium to fluorine, have 
small atomic volumes and low atomic numbers, and as a rule their co¬ 
ordination numbers do not exceed four, and are sometimes less ; in the 
borotungstates boron appears to have a coordination number 6, though 
in other compounds the number is 4. For many beryllium compounds 
the number is 4 ; basic beryllium acetate has been fully investigated ; 
the crystals form regular octahedrons, and are singly refracting. The 
structure suggested is symmetrical about a central oxygen atom, the four 
Be atoms standing at the corners of a regular tetrahedron surrounding 
this ; the six acetate groups are arranged symmetrically between the 
pairs of Be atoms ; in a diagram they arc shown outside the tetrahedron, 
but in the text they are described as lying on the edges of the tetrahedron. 
It is supposed that the electrons are redistributed, two electrons from 
the beryllium atoms going to the central O. completing its external octet 
so that it resembles neon in its outer form, though its charge is (— 2c). 
Six other elctrons from the Be atoms go to the six acetate groups, so that 
the Be atoms now resemble helium, but with charges ( + 2c). The 
X-ray evidence shows that these molecules are arranged in the same 
manner as that of the carbon atoms in the diamond ; the propionate, 
on the other hand, gives crystals which probably belong to the mono¬ 
clinic prismatic class. H. N. A. 

213. Spectroscopic Magneton Numbers. A. Sommerfeld. (Phys. Zeits. 
24. pp. 360-364, Sept. 1. 1923.)—From the considerations here brought 
forward by the author and from those of Pauli, Epstein, and Gerlach 
[Abstracts 1975 and 2279 (1923)] it seems that the riddle of the magneton 
is now solved. The Weiss unit of the magnetic moment is shown as 
apparent, the quantum theory unit as real. The whole numbers which 
Epstein and Gerlach calculate according to Pauli’s rule find a support in 
the meantime systematised Cr and Mn spectra. The sequences of the 
magneton numbers 3, 4, ... 6 in the case of Cr and 4, 5, . . . 5(7) in 
the case of Mn are in favour of the step-by-step upbuilding of the elements 
m the periodic system, so that the magnetic moment always advances by 
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a full unit, the mechanical moment as regards the inner quantum number 
answering to it always by a half unit. The thus expressed doubled mag¬ 
netic effect of the mechanical moment j t appears to be the real ground of 
the magneto-optic as well as of the magneto-mechanical anomalies. The 
whole magneton numbers of the ions calculated by Epstein and Gcrlach 
show that the spatial quantelation maintains itself in spite of the distur¬ 
bances and collisions which they must meet with in solutions. The quanlic 
adjustments must then proceed more quickly than the disturbances 
follow each other. Hence Pauli's thesis .can l»e understood according to 
which full quantic orientation prevails in the gases 0 2 and NO at relatively 
high gas pressures. In the case of the even terms the values of j given 
earlier by the author are to be reduced by a half unit and the figure serving 
for their geometrical construction is to be modified. For the odd-number 
terms, on the contrary, the earlier given j values remain and their construc¬ 
tion is unchanged. J.J.S. 

214. A Bohr-Langmuir Transformation. G. C. Evans. (Nat. Acad. 

Sci., Proc. 9. pp. 230-236, July. 1923.)—The author considers the Bohr 
atom and the Langmuir atom with a quantised force, in regard to the 
question as to whether the ‘’events" of one system are equivalent to 
the " events " of the other, and shows that although one system cannot 
be the transform of the other by any continuous contact transformation, 
both are, however, equivalent by a valid transformation which is a contact 
transformation locally, but not in exlenso. In particular. Langmuir's 
completely static atom is equivalent to the Bohr atom with circular orbit. 
The question of reality and preference is discussed in terms of transference 
processes, which carry one system into the other. The paper is mathe¬ 
matical throughout. H. H. Ho. 

215. The Electrical Structure of Matter. E. Rutherford. (Nature, 
112. pp. 409-419, Sept. 15. 1923. Inaugural Address to the Brit. Assoc.. 
Liverpool).—Attention is directed to the main features of the advance 
in knowledge of the nature of electricity and matter during the last quarter ■ 
of a century. After outlining the discoveries made relative to the electron, 
facts are brought forward which lead to the natural supposition that the 
hydrogen nucleus is the atom of positive electricity or positive electron, 
analogous to the electron but differing from it in mass. Electrical theory 
shows that the mass of a given charge of electricity increases with the 
concentration and the greater mass of the hydrogen nucleus would be 
accounted for if its size were much smaller than that of the electron. 
Such a conclusion is supported by evidence obtained from the study of 
the close collisions of a-particles with hydrogen nuclei. It is found that 
the hydrogen nucleus must be of minute size, of radius less than the 
electron {i.e. less than 10“ 13 cm.) ; also the experimental evidence is not 
inconsistent with the view that the hydrogen nucleus may actually be 
much smaller than the electron. 

Tliere is the strongest evidence that the atoms of matter are built 
up of two electrical units, namely, the electron and the hydrogen nucleus 
or proton. It is probable that these two are the fundamental units which 
build up matter.' The mass of the atom is the sum of the electrical masses 
of the individual charged units composing its structure; and there is 
no need to assume that any other kind of mass exists. It is, however, 
pointed out that the actual mass of an atom may be somewhat less than 
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the bum of the masses of component positive and negative electrons 
when in the free state. On account of the very close proximity of the 
charged units in the nucleus of an atom, and the consequent disturbance 
of the electric and magnetic fields surrounding them, such a decrease of 
mass is to be anticipated on general theoretical grounds. 

The study of the scattering of a-particles, the scattering of X-rays by 
light elements, and the diffraction of X-rays by crystals, leading finally 
to the conclusion that the atomic number of an element is a measure of 
its nuclear charge, is considered. The application of the quantum theory 
by Bohr to explain the structure of the atom is briefly outlined. Not only 
docs the theory of Bohr (which defines the outer structure of the atom) 
offer a general explanation of the optical and X-ray spectra of the atom, 
but it accounts in detail for many of the most characteristic features of 
the periodic law of Mendeleeff. The problem of the structure of the 
nucleus is inherently more difficult than the allied problem of the structure 
of the outer atom. The author’s experiments on release of swift hydrogen 
nuclei from the elements B, N, F, Na, Al. and P, when bombarded by 
swift a-particles, leave little doubt that these H nuclei form an essential 
part of nuclear structure. Speed of ejection of these nuclei depends 
upon the velocity of the a-particle and on the element bombarded. 
The speed of H-nuclei liberated in the backward direction is always less 
than in the forward direction. This is explained on the assumption that 
hydrogen nuclei are not built into the main nucleus but exist as satellites, 
probably in motion round a central core. The liberation of H-nuclei only 
occurs in elements of odd atomic number namely, 5. 7, 9. 11, 13, and 15, 
the elements of even number being unaffected. It is indicated how the 
study of isotopes gives experimental support to the view that the nuclei 
of all atoms are ultimately built up of protons of mass nearly one and of 
electrons. 

The latter part of the address is devoted to the consideration of the 
question of the energy relations involved in the formation and disintegra¬ 
tion of atomic nuclei, first opened by the study of radio-activity. 

E. A. O. 

216. Effective Cross-Section of Gas Molecules towards Slow Electrons. II. 
C. Ramsauer. (Ann. d. Physik. 72. 6. pp. 345-352, Sept. 28, 1923.)— 
A continuation of previous work [Abstract 1494 (1922)]. The present 
paper gives the results obtained for krypton and xenon, which are very 
similar to those previously obtained for argon. For these three gases the 
effective cross-section increases to a maximum which is about 4 or 5 times 
that given by the kinetic theory of gases, this maximum corresponding 
to electron velocities of 13-2 volts for argon, 113 volts for krypton, and 
0-4 volts for xenon. For the smallest velocities investigated (about 
0 ; 75 volt) the effective cross-section is less than 1/7 of that given by the 
kinetic theory of gases. ^ W. 

/v Pressure and Molecular Sphere of Action. W. Herz. 

(Zeits. Llektrochera. 29. pp. 335-339. July 1. 1923.)-According to Stefan 
the molecular diameter is given by the equation p = y/B, where y is 
the su “ace tension, and B is the internal pressure; while van der Waals 
gives 2y/B as. the value of the radius of the molecular sphere of action, 
which is thus twice the molecular diameter. The internal pressure can 
be obtained, either from Stefan's equation B = L/2u, where L is the 
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heat of vaporisation and v is the specific volume, or from the correct ion 
term of the van der Waals equation, which gives B =- <*/</-. The 
author gives a table, with these two values, for fifteen organic compounds : 
they are of the same order, but in some cases there arc considerable differ¬ 
ences ; with compounds containing chlorine the Stefan values arc through¬ 
out smaller than those derived from the van tier Waals equation. In 
homologous series of organic compounds the results show that the radius 
of the molecular sphere of action generally increases with increasing mole¬ 
cular weight; isomers have unequal spheres of action. H. N. A. 

218. The Effect of Temperature on Gravitativc Attraction. P. E. 

Shaw and N. Davy. (Phys. Rev. 21. pp. 680-691, June. 1923.)—A 
paper similar to that referred to in Abstract 610 (1923). W. R. C. 

219. Statistical Theory of Spontaneous Fluctuations in Energy. Pressure, 

and Density. K. C. Kar. (Phys. Rev. 21. pp. 672-679, June. 1923.)— 
The fluctuation of a quantity, such as the energy, is defined as the ratio 
of the average deviation from the mean energy to the mean energy. The 
following expressions are deduced from a new statistical theory for ordinary 
temp erature and pressure : Fluctuation in energy at constant volume 
“ V(2 lynf) and at constant temperature — 2/fVli; Fluctuation in 
pressure or density at constant temperature =* 1 /Vn; where n is the 
number of molecules, / the number of degrees of freedom of each, and y 
the ratio of total energy to kinetic energy. At the critical condition the 
first of these becomes (12 lynf) l l* and the last (0 /m) 1 /*. The expressions 
obtained by Smoluchowski, Hauer. Fiirth. and Laue are shown to be special 
cases of the above. Relations arc obtained between the various types 
of fluctuations for the case of an ideal gas. Author. 

220. The Connection between Schwarxschild, Einstein . and Tref/te's 
Solutions of the Equations of Gravitation. M. v. Laue. (Preuss. Akad. 
Wiss. Berlin, Ber. 6. pp. 27-31, 1923.)—The author first recalls that a 
solution of Einstein's generalised equations : 

R ii — — ^gik = _ *T tt 

valid in regions distant from gravitating matter, is obtained by finding 
the form of ds 2 for the interior of a sphere (r < r m ) of matter of density 
P and then setting p = 2A/c 2 A. This gives the solution : 

rii ds 2 => dr 2 /(l - Ar 2 ) + r-(d6‘ 2 + sin 2 Odjr) — c-dt- . (1) 

and the sphere r <r m may be extended to cover the whole *' world.” 
This method of obtaining the solution leads to the supposition that space 
is filled with a very rarefied '* nebular matter.” On the other hand, 
near a gravitating particle: 

ds 2 = dr 2 /( 1 - y) -f r 2 {d$- + sin 2 Od*j>*) - c 2 (l - y)dt .... (2) 
where y = jA r 2 -f- a/r. 

The present paper shows that the transition is accounted for if we 
suppose that in a sphere of radius (3a/2A)V 3 surrounding the particle the 
nebular matter is absent. The mass of the missing matter is then precisely 
equal to that of the particle, and it may therefore be thought of as con¬ 
centrated there. The space outside the empty sphere is not affected by 
VOL. xxvii.— a. —1024. 




76 


SCIENCE ABSTRACTS. 


the concentration, so that (1) is valid there ; in the hollow (2) holds, the 
two solutions passing into one another continuously at the boundary. 

M. H. A. N. 

221. The Mechanism behind Relativity. W. Peddie. (Roy. Soc. 
Edinburgh. Proc. 43. 2. pp. 149-153, 1922-1923.)—The author points 
out that the supposition that every electron is embedded in an ether 
of its own, at rest relative to itself, is not incompatible with the restricted 
principle of relativity, provided that electromagnetic waves are supposed 
to be propagated simultaneously in each of these ethers with velocity C. 

. M. H. A. N. 

222. (1) On the General Theory of Relativity. (2) Note on the foregoing. 
(3) Theory of the Affine Field. A. Einstein. (Preuss. Akad. Wiss. Berlin, 
Ber. 5. pp. 32-38 ; 12. pp. 76-77, and 17. pp. 137-140, 1923.)—In Edding¬ 
ton's generalisation of Weyl’s relativity theory the primitive quantities in 
terms of which the space-time manifold is described arc not the fourteen 
tensors g ik . <£ M , but the forty components, rj r . of the affine field. The con¬ 
tracted Kiemann tensor of the second rank, built up from these functions 
in the usual way, is split into its symmetrical and anti-symmetrical parts, 
and these arc equated respectively to the metrical tensor, g ik , and the 
electrical tensor, F<*. These equations, however, are merely definitions 
in the Eddington theory and can only give information when combined 
with further equations, determining the T’s as functions of g's and F’s. 
It is the object of the present three papers to obtain the required forty 
equations from an action principle, hJJldt 0 . . . (1), where H is a 
scalar density, and the variation is with respect to the p*„ as independent’ 
variables. [Note .—The symbolism is different in all three papers. We 
follow that of the third paper.] 

writing y* - - ari/a*. + itanja*, + art/a**) + n s r£ — r;,rt 
4>u - nan J**i - i>n./a*»). 

it is first shown that, provided H is a function of y u and <j> k \ only, equation 
(1) leads to the integrals g" + iSji 1 + = 0 . . . (2), forty in 

number. Here g** = dH/Dy*j. i' = = 7>H/brf>u, and ;« 

denotes covariant derivation for The fundamental tensor is defined 
from g* 1 by the equations g u = g* 1 V — |g w |, g k jf* = Z l k , and the 
reduction of indices ” is understood to be effected with the help of this 
tensor. Since i 1 is the divergence Of (*, it is to be identified with the 
electric current vector. Equations (2) can then be solved in the form : 

^ 5S ~ |^) _ igui ' + * s *‘< + 

A defin ite fo rm has now to be chosen for H. In the first paper 
H = 2V — r, (r = |r a |J, is adopted, where r ik = y* + fa .. . (3), i.e. ry, 
is the contracted Riemann tensor formed from the P’s. In this case, 
if r' k is the '* prepared ” minor of r ik in r and = r**V — r, it is 
9hown that and f* 1 are respectively the symmetrical and anti- 
symmetrical parts of r“. In the case of no electric field (**' = 0), 
y%k 33 gik. giving the original Einstein equations. In general the equa¬ 
tions of the field are r a = R w + . .. (3), 
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where R*j is the Riemann tensor formed from the g's. The anti- 
symmetrical part gives (in " laboratory ” units) ^«/^ 2 = *>»//*>**)■ 

so that an* extremely weak electric current must be supposed to exist 
at all parts of a non-zero field. 

In his first paper the author concluded from the fact that some of the 
equations are altered by changing the sign of the electric quantities, that 
solutions of a different character will correspond to positive and negative 
electricity, but in the " note ” a second action function is produced, which, 
on variation with respect to g" and f" gives equations (3) above ; and 
this action is an even function of the electric quantities. The above 
suggestion is therefore withdrawn. 

In the third paper the supposition that H is a function of y ik -4- g ik 
is abandoned. Whatever the form of H. not only g u *dy ht . + but 

also y MI 4g ar + t** is a perfect differential. The field equations are 

therefore derivable by var ying an integral jB?dt with respect to g** r 
and f*“\ The function 2a V — g — is chosen and the integrals 

- a'g M , - - k[(-f h X + \g„f„F + pfM 

and V — 

obtained. These are practically identical with the equations derived 
by Weyl from his action principle. The second equation shows /?' must 
be small and the first therefore gives approximately the “ classical ’* 
equations. 

The question of experimental discrimination is not discussed. 

M. H. A. N. 

223. Propagation of Light in the Relativity Theory. W. Gordon. 
(Ann. d. Physik, 72. 6. pp. 421-456. Sept. 28. 1923.)— In the first part 
o£ the paper it is shown that the effect of matter on electromagnetic 
processes is equivalent to that of a certain gravitational field. More 
precisely, if the natural g& are replaced by y rt = g# -f (1 — \/e/x)u t u h 
and the lowering and raising of indices effected by this new fundamental 
tensor, all the electromagnetic equations remain unaltered in form save 
the “ dielectric ” equation which takes the simple form VeF,* «= V/xH,* 
analogous to the equation for empty space (u t is the velocity of the matter). 
In the case of non-conducting uncharged homogeneous media the equations 
become identical with those in a vacuum when a gravitational field y,* 
is present. If the gu, have Galilean values this leads immediately to 
the well-known formula dx/dt = c/y/TJl -f (1 — l/ffi)v. A geometrical 
construction is deduced, in the general case, for an element of the path 
of a light ray in matter. If PR is an clement of a light track in the 
original field, g j*. (i.e. in vacuo), and PS its projection on the direction of 
motion of the matter at P, an element of a light track in the moving 
matter is given by the vector sum PR — {V7jl — 1)PS. the second term 
representing what was in pre-relativity mechanics called the “ drag of the 
ether." An action function is given. • *•• 

In the second part of the paper extensive generalisations of the defi¬ 
nitions and properties of the symbols div and curl are given, applicable 
to tensors of any rank, and these are employed in Part 3 to show how 
the Hertzian vectors may be used with advantage in the specification of 
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the field. In Part 4 inequalities are found which must be satisfied in order 
that the expression " light rav ” should be significant, and it is shown 
that if these are satisfied the light tracks in matter are actually given by 
the null tracks in the fictitious gravitational field : y ik dxidx k = 0. 

M. H. A. N. 

224. Space. N. Campbell. (Phil. Mag. 46. pp. 1002-1012, Nov., 

1923.)—The present paper discusses the question of the connection between 
the conception of space and the experimental geometry dealt with on a 
previous occasion (Phil. Mag. 44. p. 15, 1922). It is concluded that 
space, though based on the experimental concept " position.” which is 
a typical pure derived magnitude, is itself a hypothetical idea and involved 
in theories rather than in laws. A brief and very summary outline of the 
theory of space, as it appears in classical physics, is given, and a few 
remarks offered on the alterations of this theory, rendered necessary by 
the general theory of relativity. H. H. Ho. 

METEOROLOGY AND GEO PHYSICS. 

225. AtmosphericTurbidiiy. A.Defant. (Akad. Wiss.Wien, Ber. 130. 
2a. No. 7-8. pp. 383-403, 1921.)—The case is considered for extra-tropical 
latitudes. It is shown that the irregular movement can be best charac¬ 
terised by determining the three components of the turbulence. Instead 
of these, however, the distribution of normal and tangential stress in the 
horizontal plane can be obtained by constructing the ellipse of principal 
stresses. This is done for three special cases. It is also found that on 
rising above the surface there is a rapid increase in the value of the stresses, 
and also at a height near 4000 m. a change in their direction of about 
90° occurs. There seems to be a simple annual period of change—a 
maximum in late winter and a minimum in summer. The stress compo¬ 
nents can be calculated both from wind and pressure observations. ' 

W. A. R. 


226. Crustal Movements and Temperature. H. H. Poole. (Phil. Mag. 
46. pp. 406-417, Sept., 1923.)—An examination of the factors affecting 
the temperature gradient at the surface of the earth is made, and it is 
found that they all tend to reduce the gradient. Such factors are variable 
conductivity ; the effect of circulating waters; evolution of heat in 
volcanic extrusions ; and climatic changes. Owing to these effects the 
smallness of the temperature gradient as observed cannot be accepted 
as evidence against the uniform distribution of radio-activity throughout 
the continental layer. The continents may become stranded at the 
*°u 1° Y S , revolut,onar y " periods on banks of solidified magma, 
and the heat subsequently evolved from their lower levels used in melting 
these banks [see Abstract 48 (1924)]. W. A. R. 

T . h * P f y *!f. al Con “P*'on of the Gradient Curves of Rivers. F. M. 
Ewier. (Akad. Wiss. Wien. Ber. 131. 2a. No. 2. pp. 147-153. 1922.)— 

nverS cut out their heds in the course o£ time in a 
f ma rr accordin g to the depth, appears to admit of theo- 
fr ° m a physical sta "dpoint. An initial watercourse 
form Va f? ab ! e 1 notation is found gradually to assume a 

a technically the normal gradient curve and characterised by 
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of the opinion that these gradient lines arc not delimit* geometrical curves, 
whereas Sternberg’s earlier assumption of a logarithmic curve is supported 
by Forchheitner's conclusions with respect to the courses of several rivers, 
including the Middle Rhine and Maas. The present paper attempts a 
mathematical investigation of the problem and concludes in favour of 
Forchheimer and Sternberg. II. II. Ho. 

228. Gravity Gradients in Toni Basin. I. Yamamoto. (Imp. Japanese 
Geodetic Com. Tdkyd, Report No. 3. [90 pp.]. 1923. In English.)—This 
is a full account of a gravity survey in the Tone basin, carried out by 
means of a pair of Eotvos balances. The final results show many kinds 
of field peculiarities, but these are exclusively in the horizontal gradients. 
The general centre of the horizontal gravity is Mount Tsukuba. whose 
influence is traceable in almost all parts of the Kwantd Plain, as far as 
some eighty kilometres. The influence of the great River Ton* is found 
to be small except for a narrow limit of partial area near the mouth. 

E. H. H. 

229. Isostasy. W. Bowie. (Washington Acad. Sci., J. 13. pp. 267- 
269, July 19, 1923.)—Some account of the establishment of recent gravity 
stations is given. One of the principal problems of the moment is the 
interpretation of large gravity anomalies in stations close together. The 
results indicate that the anomalies arc due not to the lack of adjustment, 
but to the existence of large irregularities in the rocks near the surface. 

W. A. R. 


ASTROPHYSICS. 

230. The Distribution of Brightness on the Sun's Disc and the Tempera¬ 
ture Gradient in the Sun's Atmosphere. R. Dietzius. (Akad. Wist. 
Wien, Ber. 131. 2a. No. 1. pp. 15-35. 1922.)—Schwarzschild and Dcfant’s 
work, developing Schuster’s mathematical investigation of the decrease 
in brightness from the sun’s centre to limb, seemed consistent with the 
supposition that the sun consists of a nucleus which radiates like a black 
body, surrounded by a cooler gaseous atmosphere which scatters this 
radiation. But St. John's work, developing Evershed’s discovery of 
radial motion in sunspots, assumes that the sun is gaseous throughout, 
and that the Fraunhofer lines are produced by absorption at different 
levels in the gas. The present paper is written to show by mathematical 
proof that Schuster’s law of decreasing brightness can be explained quite 
as well, or even better, on this theory of a completely gaseous sun. 

M. A. E. 

231. Light-Curve and Orbit of CG Cygni. Ch’lng-Sung Yii. 

(Astrophys. J. 58. pp. 75-85, Sept., 1923.) —The light-curve of this variable 
star is determined from a series of 272 extra-focal observations made with 
the Thaw Photographic Refractor of the Allegheny Observatory during 
1922. • Author. 

232. Colour Index and Photographic Light Curve of Nova Aquila, 
1918-4 (No. 3). H. Shapley. (Harvard Coll. Obs., Annals. 81. No. 7. 
pp. 239-243, Dec., 1923.) 

233. Declinations of 336 Stars. S. G. Barton. (Astron. J. 35. 
pp. 109-113, Oct. 2, 1923.) 
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234. Magnitude Errors with the Thermoelectric Photometer. H. T. 
Stetson and E. F. Carpenter. (Astrophys. J. 58. pp. 36-45, July, 
1923.)—Some improvements have been made in the thermoelectric 
photometer previously described [Abstracts 1010, 1011 (1916)]. These 
include the substitution of a 20-watt, 6-volt lamp for the 200-watt, 50-volt 
one previously used. A more sensitive galvanometer is also used. The 
time necessary for making a determination is much reduced and the gain 
in sensitivity is from 100-200 %. The probable instrumental error in 
magnitude is 0 007. A greater source of error lies in non-uniformity 
of the photographic plates. This was tested in two ways. Firstly a 
series of exposures of an artificial star image was taken on various portions 
of a plate, and secondly a scries of areas on a plate were exposed to uni¬ 
form diffused radiation. These correspond to focal and extra-focal 
magnitude determinations respectively. When allowance is made for 
systematic errors, and precautions are taken to secure the best per¬ 
formance of the plates, the probable magnitude error appears to be 0*02 
for focal and 0-03 for extra-focal determinations. A. Wh. 


235. Effect of Barometric Pressure on the Candle-Power of the Hefner 
Lamp. A. Boltzmann and A. Basch. (Akad. Wiss. Wien, Ber. 131. 
2a. No. 1. pp. 57-80, 1922.)—Describes a series of experiments made 
with the object of determining the pressure correction for the Hefner 
standard. The pressure variation was obtained by carrying out photo¬ 
metric measurements at 4 stations situated at different heights above 
sea-level (up to 3100 metres). The pressure coefficient found was 0 0004 
per mm. of mercury. This figure is in agreement with that of Butterfield, 
Haldane, and Trotter and is nearly four times as great as that found by 
Liebenthal [see Abstract 2402 (1923)]. J. W. T. W. 


236. Sotne Refractive Indices of Benzene and Cyclohexane. J. W. 
Gifford and T. M. Lowry. (Roy. Soc., Proc. 104. pp. 430-437, Oct. 1. 
1923.)-- Althoug h chemists have measured vast numbers of refractive 
indices for the D-lme of sodium, and even recorded the refractive indices 
for the C, F. and G lines of hydrogen, these data have only represented 
casually selected points on curves of unknown form. It was a matter 
of urgency in refractive dispersions to analyse the forms of the dispersion 
curves, classify them, and see if independent constants of refractive 
power and dispersive potver could be calculated from experimental data. 
Direct measurements with a hollow prism, using a fluorescent eyepiece, 
gwea greater accuracy of reading than in instruments of the total-reflection 

2SL B ° f h ben7 ' ene (C*H 6 ) and cyclohexane (C 6 H 12 ) are liquid at 
ordinary temperatures, freeze above the melting-point of ice. and can 

° a a ■ . om * U but amorphous impurities by cooling, crystallising, 

?° d t ^ a ™ ng the C 7 stais if a centrifuge. The wave-lengths selected 

the r , lr Tt ,? me “ e , 0t SOme lm P° rta "ce. It was anticipated that 

etnr^seH h PerS T Sim P ler types of compounds might be 

expressed by a simple equation of the form «2 = t, + * 2 /(A= - A*) 

“™ e -r-S constants - This expectatlon was “t»*“y 
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realised in the case of cyclohexane, but it was found to be quite impossible 
to fit the curve for benzene in a similar manner. Cyclohexane yields no 
absorption bands, even in the ultra-violet region of the spectrum, but 
the optical properties of benzene are singularly complex, its absorption 
spectrum showing seven absorption bands. The necessary experiments 
are described in some detail. For the purpose of the temperature- 
refraction coefficients three exceptionally bright lines were chosen. 

Wave-length and element ... Ho7065(B') Fef>270(E) Hc4472 

T.R. coefficient benzene - - 00006357 -00006674 - 0 0000708 

T.R. coefficient cyclohexane . — 0 0005370 - 0 0005515 — 0 0005047 

From these, coefficients for other wave-lengths were interpolated in 
proportion to the indices, and the refractive indices in the table given 
in the paper corrected accordingly. The average difference for 20 wave¬ 
lengths was 0-00006. T. C. H. 

237. Diffraction Effects in Spherical Aberration. J. Fischer. (Ann. 
d. Physik, 72. 5. pp. 353-399, Sept. 28, 1923.)—A mathematical analysis 
of the subject in the special case of a bundle of rays for which the caustic 
may be regarded as the evolute of a parabolic cylinder. J. W. T. W. 

238. Note on a Departure from Fresnel's Laws of Reflection. N. K. 

Sur. (Phys. Rev. 21. pp. 699-700. June, 1923.)—Reflection of light 
from the common surface of two media having the same refractive index 
for certain wave-lengths was studied, the media employed being, first, 
freshly split rock-salt or clean glass against a suitable mixture of carbon 
disulphide and benzene, and second, glycerine against turpentine. The 
reflected light did not vanish completely at the point in the spectrum where 
the refractive indices were equal, but possessed a definite intensity that 
was practically constant at different angles of incidence. This reflection 
can hardly be due to contamination of the surface, but must be due to a 
genuine change of refractive index in the surface layer. Author. 

239. Reflection of Light from a Sphere. E. M. Berry. (Optical Soc. 
of America, J. and Rev. Sci. Inst. 7. pp. 679-682. Sept., 1923.)—When 
parallel light is reflected from a small perfectly reflecting sphere, the 
illumination is approximately independent of the angles of incidence 
and reflection. An expression is found for the illumination at different 
angles at a distance R from the centre of the sphere (radius r). The 
degree of approximation to which the illumination is independent of 
angle is exceedingly close for all angles up to 80° when r/R < 0 001. 

J. W. T. W. 

240. Theory of Visual Space. K. Horovitz. (Akad. Wiss. Wien, 
Ber. 130. 2a. No. 7-8. pp. 405-420, 1921.)—The visual space of the eye 
at rest is conceived as a relief. This way of viewing the matter makes 
the observed optical perceptions comprehensible. The possible changes 
in the visual space can be represented in the relief either through a change 
m the depth of relief or a change of the point'of vision. The phenomena 
of micropsy and macropsy correspond to a change of the relief through 
virtual shifting of the point of vision, since with them the appearance 
of smallness is connected with moving out. For their coming about it 
is essential that a disturbance of the picture releases innervation impulses. 
Hereby impulses as strong as possible are sent out unless through accom- 
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modation the picture is made indistinct. It follows upon this that a 
change of the sharpness of vision is connected with a change of the per¬ 
ception of magnitudes, and this consequence can be proved through 
various investigations—change of the sharpness of vision through dazzling 
and through change of the intensity of illumination and of colour, passing 
from binocular to monocular vision. 

The known researches on the influence of dazzling on the perception 
of size were verified and find their explanation on the basis of the above- 
mentioned point of view. Investigations with change of the dazzling of 
the field of vision appear specially suitable for the decision of the question 
how far the picture on the retina and how far the movements of the eye 
contribute to the bringing about of space perception. J. J. S. 

241. Determinations of Brightness in the Red-Blind Colour System. 
F. Exner. (Akad. Wiss. Wien. Ber. 130. 2a. No. 7-8. pp. 355-361. 
1921.)—A comparison was made between the vision of a red-blind person 
and that of one with normal trichromatic sight—the author himself. 
First, as to the comparative brightness in the two cases of coloured pig¬ 
ments, three pigments were chosen which agreed very closely with the 
three fundamental sensations in Helmholtz's system which are denoted 
by R, G, and B. The results of tests of the apparent brightness arc 
given as follows : R = 0-290, G =* 0-455. B = 0 -135 for the dichromatic 
eye, and R «* 0-420, G = 0-450, B = 0-120 for the trichromatic eye. 
The colour of R was described by the red-blind observer as grey or as 
grey with a bluish tinge. Further tests were carried out, including 
observations on the solar spectrum. From the various tests made it 
appears to follow that the law of the additivity of variously coloured 
light holds for the red-blind person just as for the trichromatic and that 
his intensity curve in the spectrum is obtained similarly through sum¬ 
mation of the separate excitations of his fundamental sensations. Of 
the latter he has only two, yellow and blue, and it cannot be doubted 
that this first comes about through the coincidence of the normal R and 
G curves; with him the R curve is covered with the normal G curve. 
It is surprising that in spite of that the ratio of the brightness of the 
saturated fundamental sensations yellow : blue is actually smaller than 
the ratio green : blue for the trichromatics, which is just the opposite 
of what would be expected. Whether that is only caused by the defective 
sensitiveness of the author’s eye for blue or is evidence of a general pheno¬ 
menon can only be decided by further investigations. J. J. S. 

242. The Colour of the Sea. W. Shoulejkin. (Phys. Rev. 22. 
pp. 85-100, July, 1923.)—This work is an attempt at a quantitative 
investigation, as far as possible, of all the fundamental phenomena con¬ 
nected with the transmission of light through sea water. Such an 
investigation involves the obtaining of the spectrum of the diffused light 
emitted by the sea, for a series of typical cases. The colour of seas and 
lakes is found to be explained neither by (1) the intrinsic colour of water 
due to selective absorption /(A), nor (21 the Rayleigh scattering by micro¬ 
scopic particles or bubbles of gas £a/A<, alone. A combination of these 
two causes, however, together with (3) selective reflection by larger 
particles (clay, plankton, etc.) and (4) light reflected from the sky. seems 
to be adequate, if the effect of waves is taken into account. The general 
theory is next developed, and then, using experimentally determined 
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values of the selective reflection <£(A) for a brown clay suspension, curves 
are computed for various values of the proportion of such particles fi, 
and for the scattering coefficient a, which give resultant colours varying 
from green to brown, as determined by optical synthesis. Jiy use of a 
colloidal solution of rosin in alcohol coloured with Redulin blue, a model 
of the sea was made which gave spectrophotometric curves agreeing 
closely with the theory. The theory of the Secchi disc is also given and 
the relation derived between the coefficient of diffusion a and the maxi¬ 
mum depth at which the disc is visible. Coefficients computed from 
disc observation for various lakes agree with those obtained from the 
spectral distribution curves of Aufsess. H. H. Ho. 

243. Colour-Mixture. M.Lucklesh. (Optical Soc. of America. J. and 

Rev. Sci. Inst. 7. pp. 657-660, Aug.. 1923.)—Description of a simple 
means of demonstrating the effects of the mixture of the three primary 
colours on a large or small scale. J. J. S. 

• 

244. Ultra-Violet Dosage with Quartz Mercury-Vapour Lamp. J. M. 

Eder. (Akad. Wiss. Wien. Bcr. 131. 2a. No. 1. pp. 37-38. 1922.)—The 
Eder-Hecht neutral wedge may l>c used for ultra-violet photometry up 
to 313 mfi. The wedge constant differs slightly for different sources, 
and this must be allowed for when the wedge is used for dosage or photo* 
chemicaV measurements. J. \V. T. W. 

245. Visibility of Red Light. R. A. Houstoun and W. M. Heddle. 

(Phil. Mag. 46. pp. 699-706, Oct., 1923.)—Some observers sec the red 
end of the spectrum much dimmer than others. The object of this 
investigation is to see whether these are an extreme case of normal 
variation or not. and to find to what extent they occur. Using a grease- 
spot photometer and a pure red light, the vision of 604 students forming 
essentially a random distribution is examined. A table of results is 
given, showing a large variation in red-blindness, represented by numbers 
ranging from 0-4 to 2-2. These extremes refer to one person each : 
the numbers 0-9 and 1*0 refer to 131 and 120 persons respectively. The 
distribution is asymmetrical, and. so far as can be estimated, is con¬ 
tinuous. In the results of this survey normal variation covers everything. 
From the figures and other previous experiments there is no doubt that 
certain individuals can be very insensitive to red and yet have excellent 
colour vision, while colour-blind individuals can have normal sensibility 
in the red, though this is unusual. The original Young-Helmholtz theory 
does not cover this distribution. A table in amplification of the results 
of a previous research is also given. G. A. S. 

246. Dispersion and Scattering of Light by Complex Anisotropic Mole¬ 
cules. L. V. King. (Roy. Soc., Proc. 104. pp. 333-357, Oct. 1. 1923.)— 
Observations by Cabannes and others have shown that the light scattered 
by various gases in a direction at right angles to the incident beam is 
not completely polarised. This is accounted for by Cabannes on the 
theory of the simple anisotropic molecule as developed by Langevin to 
account for electric and magnetic double refraction. Such a molecule 
contains a single dispersion electron acted on by unequal quasi-elastic 
restoring forces along three principal directions and capable of vibrating 
with three different frequencies. The present paper extends the theory 
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to gaseous and liquid media composed of complex anisotropic molecules 
in which there are a number of dispersion charges not necessarily equal, 
whose principal directions of vibration are not parallel. For an isotropic 
medium in which all molecular orientations are equally probable, a general 
dispersion formula of the Lorentz type is derived. In gaseous media, 
owing to continual changes of position, each molecule contributes inde¬ 
pendently to the intensity of the scattered radiation. For unpolarised 
incident light of intensity I. the depolarisation p is the ratio of the minimum 
to the maximum intensity when the light scattered at right angles is 
examined by a Nicol prism, and. as observed in gases, is a quantity 
characteristic of the molecule. The intensity 1,(0) of light of wave¬ 
length A scattered in a direction 6 with the incident beam to a distance r 
from a volume V is given by the formula : 



-1)S 6(1 + p)r 
**-“'• T^7?L + 


1 +P 


cos 2 0 




where /t is the refractive index of the medium correspondirtg to molecular 
density n. The corresponding expression for the coefficient of extinction 


by scattering is : 

8tt 3 (^2 _ i)2 6 -f 3p 
3A 4 n ‘6 — 7 p 


( 2 ) 


A remarkable feature of these formula; is their invariance witfi respect 
to such details of molecular structure as number and magnitude of dis¬ 
persion charges, their position, and the mutual orientation of their 
principal directions. 

Formula; of the same invariant character arc derived for scattering, 
depolarisation, and extinction of light in gaseous mixtures. In particular 
the depolarisation of air calculated in terms of that of its principal con¬ 
stituents, oxygen and nitrogen, is in good agreement with observation, 
making use of the present Lord Rayleigh’s data. This goes far to justify 
the hypothesis of molecular independence assumed by the theory. An 
important application of these formula; lies in the re-determination of 
Avogadro’s constant from observations on the extinction of solar radia¬ 
tion by the earth’s atmosphere, correcting for molecular anisotropy and 
the probable variation in the proportions of its constituent gases above 
the stratosphere. Further observations over a wide range of pressure 
and temperature are desirable, especially in gaseous mixtures in gases 
capable of chemical combination and in gases near the critical point. 
The depolarisation is very sensitive to intermodular influence as affect¬ 
ing complete independence of molecular orientations. This applies also 
to the effect on depolarisation of molecular aggregation, which, even in 
the case of a single gas. may be expected to give rise to an observable 
effect as the critical point is approached. Observations on light scattering 
in vapours in contact with their liquids would give some indications of 
molecular aggregation, and of circumstances of molecular collisions which 
determine peculiarities in the experimentally determined equation of 
state not interpretable in terms of the dynamical theory of gases. An 
invariant formula analogous to (1), based on Smoluchowski’s theory of 
fluctuations of density, has been obtained for the scattering of light by 
dust-free liquids, and is in satisfactory agreement with Martin's observa¬ 
tions. This will be dealt with in a future paper. G. A. S. 
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247. Scattering of Light in Carbon Dioxide. C. V. Raman and K. R. 
Ramanathan. (Roy. Soc., Proc. 104. pp. 357-368. Oct. 1, 1023.)— 
Experiments are described testing the light scattering produced in carbon 
dioxide under pressures ranging from 1 to 100 atmospheres, and tem¬ 
peratures from 0° C. to 60° C. Two methods of procedure arc used. 
In the first, the substance is contained in small sealed spherical bulbs. 
In the second, a massive steel tube is used having a side window of plate 
glass to admit the incident beam and a similar end window for observation 
of the scattered beam. The other end of the tube is connected to a 
cylinder of carbon dioxide or to a pressure gauge. In both cases the 
apparatus is immersed in a water bath whose temperature can be varied 
at will. In the second case varying pressures are attained by immersing 
the cylinder in a water bath also, and dust is eliminated from the tube 
by repeated evacuation and re-admission of carbon dioxide. The intensity 
of scattered light is compared photometrically with that in a standard 
substance, and the state of its polarisation is observed quantitatively, 
using a double image prism. Ramanathan has worked out formula.* for 
the intensity and for the perfection of polarisation to be expected under 
different conditions assuming anisotropic molecules having three principal 
axes. Tables are given showing the agreement between the observed 
values and those calculated from this theory. The conclusions reached 
are : (1) The scattering in carbon dioxide in the condition of unsaturated 
vapour below the critical temperature is not proportional to the density, 
as inferred by [the present] Lord Rayleigh from his experiments, but 
increases much more rapidly as the saturation pressure is approached, 
and the polarisation of the transversely scattered light becomes sensibly 
more and more perfect. (2) The measurements in the saturated vapour 
and in the liquid phase in equilibrium with it show that when the liquid 
is further compressed by application of pressure in excess of the vapour 
tension, its light-scattering power shows a striking diminution, and the 
polarisation becomes markedly more imperfect. (3) Above the critical 
temperature the scattering power at first increases with rise of pressure, 
reaches a maximum, and diminishes again. (4) Except very close to 
the critical temperature, the experimental results agree well with the 
Einstein-Smoluchowski theory of scattering when account is taken of 
the anisotropy of the molecules [sec Abstract 69 (1924)]. G. A. S. 

248. Machine Calculation of Rays through a Lens System. C. W. 

Woodworth. .(Optical Soc. of America, J. and Rev. Sci. Inst. 7. 
pp. 673-676, Aug.. 1923.)—Describes methods of computing rays by 
machine operations, schemes being given by the aid of which the com¬ 
putations can be carried out by unskilled computers. The methods are 
explained by means of worked examples. ’ J. W. T. W. 

249. Unit Magnification Surfaces of a Glass Ball. Alice Everett. 

(Phil. Mag. 46.. pp. 450-454, Sept., 1923.)—The unit surfaces of a lens 
are the loci traced by pairs of conjugate points for unit magnification 
on rays bound by some condition, such as passing through a fixed point. 
The nature of these surfaces for rays incident from a fixed point O on 
a solid glass sphere in a,ir is investigated and is shown to be similar for 
different positions of Q [see Abstract 71 (1924)]. G. A. S. 

250. Measurement of the Aberrations of a Microscope Objective. F. 
Twyfnan. (Optical Society, Transactions, 24. 4.pp. 189-205; Discussion, 

vol. xxvii.— a. —1924. ! 



86 


SCIENCE ABSTRACTS. 


206-208. 1922-1923. Optical Soc. of America, J. and Rev. Sci. Inst. 7. 
pp. 635-656. Aug., 1923.)—The author describes in detail the Hilger micro¬ 
scope interferometer, which is a development of the lens interferometer 
[see Abstract 830 (1922)]. If this instrument be provided with sufficiently 
delicate adjustments for focusing the objective under test (i.e. moving 
it to and from the mirror U in the diagrams) and for moving U laterally, 
it becomes immediately suitable for exhibiting the aberrations possessed 
by a microscope objective when it is focused to produce its real image 
at infinity. If, as is customary, the objective is intended to produce 
a real image at a finite distance, such a condition is simulated by the 
introduction of a negative lens R, corrected for spherical aberration, 
and called the tube length lens. This lens must give to the parallel beam 
a divergence exactly corresponding to the convergence of the beam 
which obtains in the intended use of the objective. A small drop of 
mercury (prepared according to a method described at the end of the 
paper) may be used as a convex mirror, but alternative arrangements 
have been devised for avoiding the necessity for a spherical mirror by 
comparing the objective to be tested with a second objective which is 




regarded as a standard. This is the arrangement shown in the diagrams. 
The details of construction of the instrument and its use in practice are 
fully described in the paper, which also contains a recipe for obtaining a 
transparent film of silver on glass. J. W. T. W. 

251. Relation between Focal Length of Microscope Objectives and Number 

of Fringes seen in Convergent Polarised Light. F. 1. G. Rawlins. (Phil. 
Mag. 46. pp. 992-993, Nov., 1923.)—A continuation of previous work 
[see Abstract 1580 (1922)], giving the results obtained with crystalline 
plates cut at various orientations. The relation between the number of 
rings observed (N) and the focal length of the objective in mm. (F) is 
found to be F = the values of A for the different plates being 

given in the paper. J. W. T. W. 

252. The Molecular Scattering of Light in Mixtures of Carbon Bisulphide 
and Acetone. J. C. K. Rav. (Phys. Rev. 22. pp. 78-84, July. 1923.)— 
The intensity of light scattered transverse to the primary beam by various 
dust-free mixtures is found to be much higher than is predicted by 
Einstein’s formula which takes into consideration scattering due to 
concentration fluctuations alone, but to agree quantitatively with the 
stricter theory developed by C. V. Raman which takes into consideration 
also the scattering due to density fluctuations and the orientation scattering 
due to the anisotropy of the molecules. The polarisation of the trans- 
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versely scattered light 1ms also been cfetermined and is found to agree 
with the formula given by Raman and Ramanathan. These results 
tend to confirm the Raman theory. Autiiok. 

253. Theory of Optical Rotatory Power. R. de Mallemann. (Comptes 

Rendus. 177. pp. 427-430. Aug. 13. 1023.)—The author has already 
[Abstract 2263 (1922)] derived an expression for optical rotator)' power, 
containing a " rotational term." which he now omits, since he finds that 
it is possible to derive such an expression from the simple idea of mole¬ 
cular dissymetry. j M. L 

254. Short-Wave Radiation from Tungsten Filaments. M. Luckiesh, 

L. L. Holladay, and A. H. Taylor. (Frank. Inst.. J. 196. pp. 353-373. 
Sept., and pp. 495-619, Oct., 1923.)—An investigation to determine the 
change of actinicity of the radiation from incandescent tungsten with 
temperature of the tungsten, and to determine the decrease of the actinicity 
after traversing specimens of glass (chiefly those used in tungsten-filament 
lamp-bulbs). Spectral limits of glasses and lenses investigated. Methods 
mainly photographic, but partly visual. Revision of photographic 
nomenclature. Numerous tables and spcctrophotographs. A. D. 

255. Theory of Light Quanta. H. Bateman. (Phil. Mag. 46. pp. 977- 

991, Nov., 1923.)—The author considers the theory of W. H. Bragg that 
a form of electricity travels with the velocity of light and is responsible 
for the concentration of energy and momentum necessary in a light wave 
on the quantum theory. The author develops this conception mathe¬ 
matically and shows that the electric charges travelling with the waves 
may be regarded simply as convenient mathematical symbols for some¬ 
thing which is quite compatible with the classical electromagnetic theory 
of light, the electric charges only appearing when a limiting process is 
carried out. j T W 

256. Waves and Quanta. L. de Broglie. (Comptes Rendus. 177. 
pp. 607-610, Sept. 10, 1923.)—This mathematical paper first arrives at 
the following result: The atom of light, equivalent on account of its 
total energy to a radiation of frequency v, is the seat of a periodic internal 
phenomenon, which, seen by a fixed observer, has at each point of space 
the same phase as a wave of frequency v propagated in the same direction 
with a speed sensibly equal (although very slightly superior) to the so- 
termed constant speed of light. The author then deals with the case 
of an electron describing a closed curve with a uniform speed sensibly 
lower than the velocity of light. The condition of stability derived is 
found to be that established by Bohr and Sommerfeld. When the speed 
varies along the trajectory, the Bohr-Einstcin formula is obtained under 
certain conditions. Abstract 1275 (1919) should be consulted. 

H. H. Ho. 

257. Light Quanta, Diffraction, and Interference. L. de Broglie. 
(Comptes Rendus, 177. pp. 648-550. Sept. 24, 1923.)—The results of a 
previous paper [see preceding abstract] are first quoted for the case of 
a particle moving with velocity pc (/3<Q. where c is the velocity of light, 
which should be regarded as a wave propagated in the same direction 
with a speed c/p = c 2 /v, the frequency of this wave being equal to the 
total energy of the particle divided by Planck’s constant h. The speed 
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pc can then be cons idered a s that of a group of waves of speeds c/p and 
frequencies m 0 c 2 /hV I — p 2 . This result is then allied in a discussion 
of interference fringes and diffraction. H. H. Ho. 

258. Theory of Photographic Sensitivity. S. E. Sheppard and E. P. 

Wightman. (Eastman Kodak Co. Research Lab. Comm. No. 186. 
Science. 58. pp. 89-91. Aug. 3. 1923.)—The very small amounts of sub¬ 
stance involved in the formation of photographic latent images have 
prohibited conventional methods of chemical analysis. The ingenious 
attempt of P. P. Koch to apply the Ehrcnhaft condenser method to the 
initial reaction of silver bromide in light has apparently not yet given 
unobjectionable results. But in any case, the use of gelatin-free silver 
halide cannot yet be regarded by the photographic chemist as significant 
for the gclatino-silver bromide of photographic emulsions. The generally 
accepted conclusion that the substance of the latent image in these consists 
of absorbed colloid silver has been reached by indirect methods, and is 
largely due to Luppo-Cramcr. In the present paper a brief description 
of the more recent contributions to the subject is given. A. E. G. 

259. Luminescence of Organo-Magnesium Halides. R. T. DufTord, 
S. Calvert, and Dorothy Nightingale. (Am. Chem. Soc., J. 45. 
pp. 2058-2072. Sept., 1923.)—A wide range of substances of the type of 
Grignard reagents is examined for chemical luminescence and fluorescence. 
In all cases investigated, Grignard reagents in ether solution are chemically 
luminescent on oxidation by oxygen only if the Mg is attached directly 
to an unsaturated carbon atom. Increased speed of reaction brightens 
the emitted light, in agreement with the effect observed with the bio¬ 
logically derived luciferin [see Abstract-2160 (1923)]. The nature of the 
solvent affects the intensity of the luminescence, but apparently not 
the wave-length. No chemical luminescence is found when Zn or Hg 
is used instead of Mg. The wave-length and intensity.of the radiation 
are affected by the nature of the reacting halogen. The wave-length 
and intensity are affected by the nature of the organic radical involved, 
and especially by the nature of substituted groups in the cyclic compounds. 
The effect depends on (a) the position of the substituent group ; (b) the 
chemical nature of the substituent group. It is shown that the mass 
of the substituent is not the controlling factor. The luminescence of 
^-chlorophenylmagnesium bromide is believed to be the brightest yet 
recorded. Many Grignard compounds give light when treated with 
chloropicrin and with bromopicrin, but this light is not the same as that 
given out on oxidation with oxygen. A number of them, and especially 
their oxidation-products, are found to be fluorescent in ultra-violet light. 

A. B. C. L. 

260. The Phosphorescence Centre. A. Schleede. (Zeits. f. Physik, 
18. 2. pp. 109-112, 1923.)—When the capability of luminescence in a 
substance is joined with a storing up of the energy radiated into it which 
is only given up again gradually, the phenomenon is called phosphores¬ 
cence. It is noticed that perhaps all inorganic substances with capacity 
for luminescence which were produced by a melting process show phos¬ 
phorescence, whilst those produced by a means which avoids melting 
or by slow crystallisation from a solution exhibit luminescence but not 
phosphorescence. In the first case crystals are produced suddenly, and 
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there must necessarily be caused disturbances of the lattice structure 
of the crystals. Th* author describes a working hypothesis which con¬ 
siders phosphorescence to be dependent on this crystalline or molecular 
deformation. In consequence of this the gradual dying away of phos¬ 
phorescence may be supposed due to electrons loosened from the deformed 
molecule not being able to return at once to their stable paths but only 
when a heat vibration brings an atom again into its normal position 
relatively to its neighbouring atom. The same effects can be caused in 
organic substances by means which produce deformation of the mole¬ 
cule similar to that induced in inorganic crystals by sudden crvstallisation. 

J. J.S. 

261. The Radiation Problem. J. H. Jeans. (Phys. Soc.. Proc. 35. 

pp. 222-224, Aug., 1923. Summary of the 8tli Guthrie Lecture.)—It 
appears that physical and chemical transfers of radiation take place 
by quanta, while mechanical transfers take place according to the classical 
theory. It is probably only in the case of bound electrons that inter¬ 
changes of energy can take pla£e between an electron and a field of 
radiation. If we express the strength of the field as X « X 0 + cos pt 
where X 0 acts on the electron in the manner supposed by the classical 
laws, while the forces represented by Xp do not influence the electron 
at all except through cataclysmic motions of the kind contemplated in 
Bohr's theory ; and if further we make *X^. etc., instead of measuring 
forces on electrons, to gi^c an indication as to the probability of the 
occurrence of cataclysmic motion, then many of the present difficulties 
bid fair to bo removed. There is then no lougcr any contradiction between 
the theory of quanta and the undulatory theory of light, and such pheno¬ 
mena as the photoelectric effect,appear as the inevitable consequence 
jointly of the quantum equations and of Maxwell's equations for free 
ether. A. D. 

262. Spectroscopic Illumination with End-on Vacuum Tubes. T. R. 

Merton and R. C. Johnson. (Phil. Mag. 46. pp. 448-449, Sept., 1923.)— 
For accurate determination of wave-lengths by micrometric measure¬ 
ments of spectra photographed in juxtaposition it is essential that the 
prism or grating be completely and uniformly illuminated. The difficulty 
of securing this is increased with end-on vacuum tubes. It can be shown 
theoretically, that increased intensity and uniformity result from silvering 
the outer walls of the capillary. Photographs taken under suitable 
conditions arc shown to verify this result. G. A. S. 

263. Wave-Length Standards in the Extreme Ultra- Violet. J. J. Hopfleld 

and S. W. Leifson. (Astrophys. J. 58. pp. 59-63, July. 1923.)— Extreme 
ultra-violet spectra of hydrogen, oxygen, nitrogen, helium, and air. —The wave¬ 
lengths of 37 strong lines between A800 and A1800 occurring in condensed 
discharge spectra of impure hydrogen, oxygen, nitrogen, helium, and 
air are determined, with a probable error of less than 0-1 A., from photo¬ 
graphs, on specially prepared ultra-violet films, taken with a Rowland 
concave grating having a radius of curvature of 50 cm. Author. 

264. The Origin of Spectra. J. C. McLennan. (Engineering, 116. 
pp. 422-423, Oct. 5, 1923. Paper read before the British Assoc., Liverpool. 
1923. Chem. News, 127. pp., 198-202, Sept. 28. and pp. 212-213. Oct. 5. 
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1923.)—A review of the present state of the Rutherford-Bohr theory of the 
atom, in its relation to the spectra of the elements, making use of the idea 
of stationary states of motion of the electrons, of Planck’s quantum theory, 
the combination principle of Ritz, the determination of the energy levels 
bv Moseley. Franck and Hertz, and McLennan, and the recent extensions 
of the theory by W. Wilson and Sommerfeld. in which the quantum idea 
is applied to momentum rather than to energy, and both the angular 
and radial momenta of the electrons are quantised. Mention is made of 
the principal quantum number of an orbit, n, of the additional quantum 
number, k, required to explain the fine lines of the hydrogen and other 
spectra, which defines the circular or elliptical shape of the orbit, and 
connotes a rotation of the perihelion of the orbit in its own plane; of the 
quantum number,;, required to explain doublets, triplets, and multiplets, 
and m for the resolution of a line by the magnetic field (Zeeman effect). 
The principle of selection of Rubinowicz and Sommerfeld. Bohr's corre¬ 
spondence principle. and his theory of the genesis of the atom by the binding 
of electrons in definite systems of orbits about the nucleus, are dealt 
with, and a table is given showing the distribution of the orbits for a 
number of elements. A diagram shows the relation between the different 
orbits of the hydrogen electron, in which n h has the values h. 2 t , 2 2 , 3 l( 
3 2 . 3 3 , 4 lt 4>. 4 3 . 4 4 . Bohr’s explanation of families of elements like 
the iron, rare earth and platinum groups is described, inner groups of 
electrons being built up. one by one. at these points in the periodic table, 
while the outer group remains unaltered, and the general chemical proper¬ 
ties remain the same. The fine structure of the H-lines is ascribed by 
Sommerfeld to the variation of the mass of the electron with the speed, 
as required by the relativity theory. The resonance and ionising 
potentials of the elements are of great importance in the theory, measuring 
the work required to move an electron from orbit to orbit, or to infinity. 
The lvossel-Som m erf eld displacement law explains why the spark spectra 
of the alkali metals are similar in type to the arc spectra of the rare gases ; 
since, when the valency electron is removed, the electronic configuration 
of the alkali metal is practically identical with that of its neighbouring 
rare gas. Ehrenfest has dealt with quantisation in space mathematically, 
and his results are confirmed by the experiments of Gerlach and Stern ; 
the latter has shown that the atoms of a stream of silver vapour are 
separated by an electromagnet into two separate beams, indicating that all 
particles are either attracted or repelled by the magnet, that they all have 
a magnetic moment, and are axially oriented in space in the direction of the 
lines of force or in the opposite direction. Ehrenfest’s adiabatic hypothesis 
of the Zeeman effect suggests that the Lorentz theory still remains 
applicable on the quantum theory. H. N. A. 

265. The Broadened Balmer Lines of Hydrogen. E. O. Hulburt. 
(Phys. Rev. 22. pp. 24-36, J uly, 1923.)—The broadening of the Balmer lines 
of hydrogen by condensed discharges was investigated at various pressures 
from 48 to 260 mm. and the intensity distribution was determined for 
Up, H y, and H8 by photographing the spectra through a neutral wedge. 
Reproductions of these photographs are given. A neutral wedge cell 
filled with an aqueous solution of a black dye was used as being more 
convenient to adjust than the ordinary neutral glass wedge. In each 
case the broadening was found to be symmetrical, amounting to about 
60A for each line at 250 mm., but there was evidence of structure 
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characteristic of each line. A quenched gap in series with the tube increased 
the broadening, while inductance decreased it. In mixtures with lie or 
N 2 the broadening was the same as in hydrogen alone, at the same total 
pressure. 

The Stark theory of broadening which relates it to the Stark effect 
of the electrical fields of the ionised atoms or the radiating atoms is given 
a mathematical form by assuming a probability law for the distribution 
of the atoms and ions and an inverse square law for the strength of the 
field, and introducing Sommerfeld’s quantum expression for the Stark 
displacement. This gives log I x = log [a/ A 0 — A] — 6/A 0 - A, where </ 
= AAAqP*/ and 6 = BM 0 p-l 3 /, / being a known function of the quantum 
numbers, and p the pressure in mm. of mercury. Comparison with 
experiment shows agreement as to the general form of the distribution 
curves. The great broadening produced by the condensed discharge 
thus appears to be due to the momentary hihg current density and corre¬ 
sponding large proportion of ionised atoms. j. j. s. 

266. Intensities in the Hydrogen Spectrum. A. L. Hughes and P.Lowe. 

(Phys. Rev. 21. pp. 292-300. March. 1923.)— A three-electrode tube was 
used to show the changes in the intensities of the hydrogen lines with 
change of energy of impact of the exciting electrons. The voltage applied 
was from 29 to 110 volts, and the current and gas pressure were main¬ 
tained constant, in order to preclude the simultaneous change of more than 
one variable. A long tube was used, and a long filament stretched in the 
direction of observation, in order to shorten exposures. The plate and 
grid were joined, in order to produce a space free of field. Intensities were 
determined by observing the density of the lines on a photographic plate 
with a microphotometer. H« shows practically no variation over the 
range employed. H fl . H y . H 4 increase rapidly in intensity, and then 
more slowly, approaching constant values; the change was greater the 
higher the member. In the second spectrum, AA6327, 6225, 6135, 6122. 
6030 and 6018 decrease rapidly, while AA5013. 4934. 4929, 4743 , 4632, 
and 4206 reach a maximum of intensity between 30 volts and 40 
volts and then grow feebler, but less rapidly than do the first group of 
lines - A. C. M. 

267. Intensities in the Helium Spectrum. A. L. Hughes and P. Lowe. 

(Roy. Soc., Proc. 104. pp. 480-498. Nov. 1, 1923.)—Improved apparatus 
was employed, and the neutral-wedge method of comparing intensities 
was adopted; the energy of impact ranged from 34 to 110 v. It was 
shown that the intensity-energy of impact curve is characteristic of 
the series to which the lines belong. In the doublet system, the intensities 
decreaso rapidly as the energy increases. The rate of decrease is greatest 
for It r — mo and least for It t - mS. The principal singlet series. IS - w»P. 
increase greatly in intensity up to 80 v. and is thereafter constant. The 
diffuse singlets, IP — mD, show a maximum of intensity at 75 v.„the rate 
of increase being greater the higher the member. The sharp singlets. 
IP — mS. rise slightly to 60 v. and then decrease a small amount [see 
preceding abstract]. A q m 

268. The Optical Spectrum of Hafnium .. H. M. Hansen and S. 
Werner. (Nature. 112. pp. 618-619. Oct. 27, 1923.)—A pure hafnium 
preparation supplied by Hevesy and containing about 1 % zirconium in 
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addition to traces of titanium, manganese, and niobium was used. Both 
arc and spark spectra were photographed, and a table of wave-lengths 
in I.A. for the region 2500 A. to 3500 A. with intensities for both spectra 
is given. The values have been compared with those given by Bardet 
for the arc spectrum between 2300 and 3500, differences of intensity 
indicating that his preparation was not very concentrated. The instru¬ 
ment and method of producing the arc spectrum were as previously 
described. The spark spectra were obtained with a large induction coil 
and carbon electrodes saturated with the hafnium salt solution. The 
wave-lengths are given to 0 05 A. The results are to be extended to the 
remaining part of the spectrum. F - s - 

269. Spark Spectra of Lithium. E. v. Angerer. (Zeits. f. Physik, 18. 

2. pp. 113-119, 1923.)—An account of researches on the formation by 
various methods of the spectra of ionised lithium. J- J- S. 

270. Regularities in the Arc Spectrum of Titanium. C. C. Kiess and 

Harriet K. Kiess. (Washington Acad. Sci., J. 13. pp. 270-276, July 19, 
1923.)—Regularities of complex type that have been found to occur among 
the arc lines of titanium are described. A list of lines with wave-lengths 
arranged in groups of multiplets is given. The majority of the lines so far 
classified belong to King’s temperature classes I and II, and are about 100 
in number or very nearly 10 per cent, of the total recorded for the arc 
spectrum. The investigation is being continued. J-J-S- 

271. The Arc Spectrum of Terbium and a New Element of the Terbium 

Group. J. M. Eder. (Akad. Wiss. Wien, Ber. 131. 2a. No. 3. pp. 199-298, 
1922.)—The author has previously indicated the probability of the 
existence of a hitherto unknown element between terbium and dysprosium, 
which he has provisionally named Welsium after Carl Auer v. Welsbach, 
the investigator of the rare earths (Abstract 316 (1922)]. In the present 
paper a long list of several thousand lines in the arc spectrum of the 
terbium group and neighbouring fractions is given. These were obtained 
with the large concave grating previously used. No indication of the 
existence of a new element between gadolinium and terbium was found, but 
on comparing the lines of the various fractions groups of lines were noticed 
which appear in the intermediate fractions between terbium and 
dysprosium ; these, however, are enfeebled in the middle chief fractions 
of terbium, and also on the other hand disappear or are weak in the 
dysprosium spectrum. These lines appear to belong neither to terbium 
nor dysprosium and furnish the justification of the author’s hypothesis 
of the existence of the new element Welsium. Supported by his very 
extensive measurements of wave-lengths in the arc spectrum which reach 
from A7257 to 2400 in the International System, he considers th6 existence 
of this element proved. The measurements also give a basis for the 
necessary further splitting-up of the assemblage of elements of the terbium 
group [see also Abstract 96 (1924)]. J. J- s - 

272. Series in Molybdenum Arc Spectrum. C. C. Kiess. (Bureau of 
Standards, Sci. Papers No. 474. pp. 113-129, July. 1923.)—A continuation 
of previous work [see Abstract 1687 (1912)]. Regularities have been 
previously observed by Paulson and by Kiess and Meggers, consisting of 
constant frequency differences. These are now shown to form part of a 
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regular series scheme. Narrow triplets, separations 121-5 and K7-0 form 
series IS — mP i( 2P, — mS. and 2P, — inD. Wide triplets, separations 
448-5 and 257-5, give Is — mpi, 2p, — ms, and 2/>,- — end. Parallel 
to these last are Is - (mpi -r *,). (2p, - h ,-) - ms, and (2/>, - A,) - im/ ( 
with separations 379-9 and 233-4. The limits of the series have been 
calculated from Ritz formula?, and from interseries combination lines. 
These give for the resonance and ionisation potentials, 3*25 v. and 7-35 v. 
respectively. Mention is made of Catalan’s multiplets, and photographs 
are given. A. C. M. 

273. The Hydrogen Balmer Series and the Impossibility of Further 

Corrections to the Quantising of Hydrogenic Atoms. A. E. Ruark. (Astro- 
phys. J. 58. pp. 46-58. July, 1923.)—-This paper contains the wave-lengths 
of the Balmer lines H 3 to H 13 referred to tertiary iron standards in which 
only those lines are utilised which do not show appreciable pole effect 
and which are assigned the same wave-length by Burns, Meggers, Merrill, 
St. John, and Babcock. The plates from which the lines were measured 
were obtained by R. W. Wood, and the table hereby constructed and giving 
the values of A from H 7 to H 18 is claimed to be more accurate than any 
values previously given, although still not precise enough to yield a 
definitive value of the Rydberg constant R„. Formula? are therefore 
derived for calculating R„ from the wave-length of an unresolved Balmer 
line. The main components of H 3 are found to be separated by 0-0584 A. 
The relativity correction only is needed to explain existing observations. 
(1) The observed structure of the lines docs not admit a correction due 
to asphericity of nucleus or electron ; Silberstein’s theory shows that if 
the nucleus and electron have radii of about 3-10 ” 13 cm., the alteration 
of the lines would be unobservable. (2) H. A. Wilson’s correction to the 
quantising of the atom, due to motion of a part of the potential energy 
with the electron, is not in accord with experiment. (3) H. S. Allen’s 
formula for the correction due to a possible intrinsic magnetic moment of 
the nucleus is extended to the ca^e of elliptic orbits ; a magnetic moment 
of one Weiss magneton in the nuclei of H or He would distort the fine 
structure of H and He+ lines by a readily observable amount, therefore 
it cannot exist. Reference is made to Wood’s papers [see Abstracts 546 
(1922) and 53 (1923)). H. H. Ho. 

274. Width of Spectral Lines. G. Breit. (Nat. Acad. Sci., Proc. 9. 

pp. 244-240, July, 1923.)—According to the classical wave theory, collisions 
among molecules of a luminous gas produce a spectral width of the lines 
emitted by the gas. The width considered is due to the fact that the 
Fourier analysis of a wave train involves a band of frequencies in the 
neighbourhood of the main frequency of the wave train. It is the purpose 
of this note to point out that according to the quantum theory a broadening 
of the lines is to be expected for the same reason and that the amounts of 
the broadening in the classical and in the quantum theories are nearly 
equal. J. J. S. 

275. Series-Spectra Involving more than One Electron. G. Wentzel. 

(Phys. Zeits. 24. pp. 104-109, March 1 , 1923.)—More than one electron 
may be necessary to explain complicated line-spectra. This suggestion 
is discussed and applied to the neon, alkaline earth (especially calcium), and 
chromium and manganese spectra. A. C. M. 

VOL. xxvii.— a.—1924. 



94 


SCIENCE ABSTRACTS. 


276. Spectral Lines in Electric and Magnetic Fields. N. Bohr. (Phys. 

Soc., Proc. 35. pp. 275-302. Aug.. 1023. The Seventh Guthrie Lecture.)— 
This is a survey of the principal features of the development of the explana¬ 
tion of the Zeeman and Stark effects on the basis of the quantum theory. 
The explanation provided by classical theory is considered, and is shown 
to be insufficient to account for the " anomalous ” Zeeman effect, or for 
the direct proportionality of the Stark effect to the strength of the applied 
electric field. A short summary of the quantum theory of the hydrogen 
spectrum is given, followed by a deduction of the " state-relations ” for 
periodic and multi-periodic motions. These are modified in accordance 
with the application of a magnetic and an electric field, first separately, 
and then simultaneously. Atoms containing more than one electron 
are thus dealt with, and it is shown that the displacement of the lines will 
be smaller, and vary as the second power of the electric forces. Mention 
is made of Land6’s empirical rules for the number of components in the 
various spectral terms. A. C. M. 

277. Stark Effect for Strong Fields. A. M. Mosharrafa. (Phil. 

Mag. 46. pp. 751-753, Nov., 1923.)—An extension of a previous communica¬ 
tion [Abstract 685 (1923)) evoked bv a letter of H. O. Newboult [Abstract 
1864 (1923)]. See also Abstract 1611 (1922). A. C. M. 

278. Tesla Luminescence Spectra. Part III. W. H. McVicker, J. K. 
Marsh, and A. W. Stewart. (Chcm. Soc., J. 123. pp. 2147-2163. Sept.. 
1923.)—A continuation of previous work [see Abstract 1382 (1923)]. 
Changes of temperature and pressure have little effect on the spectra 
produced in the tesla-dischaTgc ; the spectra can therefore be taken as 
characteristic of the substance. Mono-derivatives of benzene were 
examined, and the spectra produced were characteristic of the groups 
present in the compound examined. Modifications have been made in 
the apparatus ; rubber-glass joints have been eliminated ; in using liquids 
of high boiling-point, a cell with a bulb at each end was used, the liquid 
being evaporated in one and condensed in the other. The quartz window 
is attached to the cell by amyl acetate " dope.” protected by heat-resisting 
cement; this is a great source of weakness. Cyclohexane, toluene, 
ethylbenzene, benzyl alcohol, benzaldehyde, ethyl benzoate, benzonitrile, 
phenol, thiophenol, acetothenone, aniline, nitrobenzene, chlorobenzene 
benzyl chloride have been examined. A new series of bands, called the 
" blue scries " is found in every compound examined having the structure 
Ph*C' ; , exceptions being benzonitrile and benzyl chloride. Increase in 
intensity of the blue series is accompanied by a diminution in intensity 
of the benzene part of the spectrum. Cyclohexane limits no spectrum, 
while a nitro-group, a chlorine atom, or the group —CH 2 C1 extinguish 
the spectrum. An alkyl group produces a blurring of the benzene system 
of bands ; this blurring also occurs when an alkyl group replaces an 
hydrogen atom in benzaldehyde. The blue series cannot be considered 
as displaced benzene-group bands, since both exist together in the spectra 
of certain compounds, and the spectra are different in character. A. C. M. 

279. The Nature of the Rontgen Impulse. E. H. Kennard. (Phys. 
Zeits. 24. pp. 372-374, Sept. 1, 1923.)—A theoretical discussion of a mathe¬ 
matical nature divided into two sections (1) General theory, (2) Use of 
experimental data. A. E. G. 
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280. Pure Optical Resonance with X-Rays. G. Mie. (/cits. I. l'hysik. 

18. 2. pp. 106-108. 1923.)—All the spectra obtained with the improved 
apparatus [see Abstract 1870 (1923)3 are very complicated. It has not 
been possible to prove pure resonance of X-rays through selective reflection. 

It is therefore proposed to attempt the solution of the problem with other 
experimental methods. A- E. O. 

' 281. Influence of X-Rays on the Disruptive Discharge. G. Hammer- 
shaimb. (Arch, des Sciences. 5. pp. 292-298. July-Aug.. 1923.)—Before 
any definite conclusions can be arrived at it will be necessary to make a 
large number of experiments employing a perfectly constant source of 
X-rays and determining quantitatively the degree of ionisation of the 
gas under the action of rays for each pressure of the gas considered. I he 
results obtained here between hemispherical electrodes 7.6 mm. radius, 
in the pressure limits 10 to 50 atmospheres of nitrogen, and at explosive 
distances 0,6 to 2.5 mm., are as follows. The relative lowering of the 
disruptive potential by X-rays of great intensity appears to be so much 
the more marked as the explosive distance is greater. For the same 
explosive distance the relative lowering of the explosive potential produced 
by the rays diminishes in proportion to the increase of pressure. Between 
certain limits of ionisation the disruptive potential remains practically 
constant. Beyond this limit, and in proportion as the hardness and 
intensity of the X-rays increase, the disruptive potential undergoes a more 
and more considerable lowering. It is suggested that by this means it 
may become possible to determine the hardness and intensity of X-rays 
when the lowering they produce on the disruptive potential is known. 

A. E. G. 

282. Change in Wave-Length by Scattering. P. A. Ross. (Nat. Acad. 

Sci., Proc. 9. pp. 246-248. July, 1923.)—A. H. Compton has shown that 
there is strong evidence of a change in frequency of X-rays and y- rays, 
when scattered by paraffin, graphite, or aluminium. Theory indicates 
that the change in wave-length on scattering should be independent of 
the primary wave-length. The author has tested this conclusion by- 
attempting to measure the shift for wave-lengths 0-708 A. and 5461 A. 

The change was looked for in the visible spectrum using a Lummer- 
Gehrcke interferometer of resolving power 360,000 and comparing the 
position of the fine structure of the green mercury line in abeam scattered 
at 180° from paraffin with the fine structure in a direct beam. The beams 
came from the same small arc and were brought into the plate by a com¬ 
parison prism at the slit. No shift could be detected, although from the 
theory it should have been easily seen. Multiple reflections at nearly 
J80° between silvered glass surfaces were also tried with negative results. 

The shift of X-rays was measured using a photographic method. The 
scattered radiation shows a strong broad line shifted by about 0-025 A., 
which agrees with theory and with Compton’s results, and a fainter un¬ 
shifted line not reported by Compton. The unshifted line is important 
since its explanation may account also for the absence of shift with visible 
light. The explanation of both may be that some electrons are closely 
attached to the massive nucleus and must scatter while nearly at rest. 

J- J-s. 

283. On the X-Ray Spectra of Hafnium and Thulium. D. Coster. 

(Phil. Mag. 46. pp. 966-963, Nov., 1923.)—This paper gives additional * i-- 
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details of the methods used by the author and Hevesy in the discovery 
of hafnium, with complete tables of the wave-lengths of X-ray lines for 
hafnium. Bohr’s theory shows that the element of atomic number 72 
must be homologous to titanium, zirconium, and thorium ; and as the 
elements in the neighbourhood of 72 (lanthanum, tantalum, tungsten) 
are very closely related to their homologues in the neighbourhood of 
zirconium (yttrium, niobium, molybdenum), it could be expected that 
element 72 would be closely related to zirconium. It was found by 
X-ray analysis that zirconium minerals contain 1 to 5 per cent, of ?n 
element of atomic number 72. in addition to zirconium, atomic number 40. 
The wave-lengths and intensities of the hafnium lines observed agree 
with those expected from the known lines of the elements C-p (71) and 
Ta (73). The method of quantitative analysis by comparison of the 
intensities of the lines of hafnium and tantalum is described, the observa¬ 
tions of Dauvillier on certain lines of Urbain's supposed rare earth celtium, 
arc discussed, and measurements of the wave-lengths of the L series qf 
thulium (atomic number 69) are given. H. N. A. 

RADIO-ACTIVITY. 

284. Phosphorescence of Minerals Coloured by Becquercl Rays. K. 

Przibram. (Akad. Wiss. Wien. Bcr. 130. 2a. No. 6. pp. 265-270, 
1921.)—Kunzite, coloured green by Becquerel rays, phosphoresces after 
being exposed to arc light, while kunzite uncoloured, or decolorized 
by heating, does not. The phosphorescence is blue and red. not green. 
A similar but smaller effect is presented by fluor-spar. A. D. 

285. Radio-Active Disintegration Series and the Relation of Actinium 

to Uranium. A. S. Russell. (Phil. Mag. 46. pp. 642-656, Oct.. 1923.)— 
A preliminary account of this work has already appeared in Nature 
[see Abstract 1888 (1923)]. The object of the paper is to inquire how 
far existing data relating to the members of the three known disintegra¬ 
tion scries throw light on the subject as a whole and particularly on the 
relation of the actinium to the uranium series. In discussing analogies 
or general relations between the various series it has been found most 
advantageous to regard a series as made up of three types of successive 
changes. It is deduced that there are probably only four independent 
disintegration series, and the path of each of these is given. Simple 
empirical relations arc given between the periods of bodies comprising 
an a-charge and between those comprising a ^-charge. It is concluded 
that actinium arises from an isotope of uranium with an atomic weight 
of 239, present to the extent of about 5 %. Estimates are given of the 
periods of the bodies which precede proto-actinium in its series. Radio¬ 
active isotopes are compared with those of inactive elements, and a sug¬ 
gestion with regard to the existence of end-products other than those of 
lead are put forward. A. B. W. 

286. The Chemical Action of Penetrating Radium Radiation. Part XIV. 
The Action upon Oxalic Acid, Potassium Tctra-Oxalatc and Potassium 
Chlorate. A. Kailan. (Akad. Wiss. Wien. Ber. 130. 2a. No. 9-10. pp. 469- 
480, 1921.) The author gives data regarding a series of experiments 
upon 1 % aqueous solutions of oxalic acid submitted to radium radia¬ 
tion, over a long period of hours, or submitted to ultra-violet light, 
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with or without in each ease uranium nitrate as a catalyscr. The chief 
reaction is COOH•COOH=HCX)OH -I- CC> 2 . but secondary reactions 
resulting in aldehyde or C0 2 and H s O can occur under certain conditions, 
and differences may occur according as to whether the end products are 
estimated bv acidimetric or oxvmetric methods. The reactions are 
discussed from the point of view of physical chemistry as to velocity of 
reaction, type of reaction (mono- or bi-molecular. etc.), etc. A similar 
series of experiments are then detailed for the decomposition of potassium 
tetra-oxalate under radium radiation and ultra-violet light, with and with¬ 
out the above catalyser. Final sections treat of the reduction of KCIO4 
to KC1 under the action of radium and ultra-violet light from similar 
standpoints. The paper consists throughout of experimental data given 
in gteat detail and incapable of brief abstraction. No general conclusions 
are drawn. B. J. L. 

287. A Method for Photographing the Disintegration of an Atom anil a 
New Type of Rays. W. D. Harkins and R. W. Ryan. (Am. Chfcm. Soc., 
J. 46. pp. 2096-2107. Sept., 1923.)—The authors have taken 21,000 
photographs of a-ray tracks in air and a few in helium and ethyl chloride * 
with a modified Shimizu-Wilson apparatus, the motion camera employed 
being provided with a driving mechanism and an optical system such 
as to take views from two directions at right angles to one another at 
the end of each expansion. ThC, ThC\ and RaC were used as sources 
of a-ravs and 80,000 tracks were photographed in air. In all about 
12 billion atoms were shot through and in three cases only was the 
nucleus of the atom of the gas hit sharply enough to give a retrograde 
motion to the a-particle after the collision. From this it is concluded 
that the radius of the nucleus of an atom of nitrogen or oxygen is of the 
order of 10“ 13 cm. The rarity of a collision between high-speed a-particles 
and the nucleus of an atom through which it passes, increases greatly 
as the directness of the collision increases. The characteristics of an 
ordinaty collision arc : (1) The initial track splits into two branches, 
the one branch being the track of the projected nucleus and the other 
the track of the rebounding a-particlc; (2) momentum is conserved 
in the collision ; and (3) the three tracks lie in one plane. If the bombarded 
nitrogen or oxygen nucleus is disintegrated four tracks are visible, the 
fourth track being due to a fragment such as an electron, a hydrogen, 
or a helium nucleus disrupted from the bombarded nucleus. The chance 
of such a disintegration increases rapidly with the directness of the collision 
and with the speed of the a-particle. 

Rays of a new type designated as zeta (£) rays arc described. It 
seems probable that these rays are due to electron emission. The 
particles are very light since the direction of the a-particle is not materially 
affected by the emission and their tracks are much longer than those 
of 8 -rays. 

Tho work is being extended to test experimentally the stability of 
atom nuclei. The difficulty of the method lies in the small number of 
direct hits obtained. Less direct impacts are relatively numerous. 

In no case has any one of these oblique impacts affected a disintegra¬ 
tion of the nucleus. A photograph taken with argon in the expansion 
chamber shows that the argon nucleus remains intact even under the 
sharp impact of an a-particle from ThC.' E. A. O. 
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288. A Laboratory Optical Pyrometer. W. Schriever. (Iowa Acad. 
Sci., Proc. 23. pp. 69-82, 1921.)—This paper gives a detailed description 
of a disappearing-filament type pyrometer suitable for laboratory use. 

E. G. 

289. A Simple Method of Spectral Temperature Measurement. F. 

Patzelt. (Zeits. f. Physik. 15. 6. pp. 409-412, 1923.)—In continuation 
of the work referred to in Abstract 948 (1923), the author describes a 
simple form of spectral pyrometer of the disappearing filament type, which 
he has used for observing the temperature of the positive crater of the 
carbon arc. E. G. 


290. Heats of Vaporisation of Mercury and Cadmium. M. F. Fogler 
with W. H. Rodebush. (Am. Chem. Soc., J. 45. pp. 2080-2090, Sept., 
1923.)—To test the generalisations regarding the entropies of monatomic 
gas a direct determination of the heat of vaporisation of mercury was under¬ 
taken. In principle the method employed consists in determining the 
difference in the rate of input of electrical energy required to maintain a 
quantity of liquid in an insulated vessel at constant temperature when 
vaporising at a measured rate and when no distillation occurs. The 
vaporisation was controlled by distilling the mercury in a closed system 
maintained at constant pressure. When it was desired to commence the 
distillation, the pressure was lowered until the mercury just began to 
vaporise; distillation was stopped by admitting gas and raising the 
pressure. The vessel containing the mercury to be distilled was placed in 
a Dewar tube which was enclosed in a vapour bath of di-butyl ether, 
which boils at 142°. 

The heat of vaporisation of mercury is found to be 14490±60 calories 
at 142° C. If this value be corrected to 298° K. we obtain 14,670. The 
value obtained by differentiating the empirical equation of Smith and 
Menzies at 298° K. is 14616 cal. The heat of vaporisation of cadmium 
w*s obtained by the indirect method. The boiling-point at different 
pressures was determined. The calculated heat of vaporisation of cadmium 
is found to be 25.350±100 cal. at 594-1° K. The data are in accord 
with the calculations, based on the quantum theory, of the entropies 
of the monatomic gases. [See also Abstracts 2112 (1922) and 1688 
.(1923).] E G 

291 ' Va j! 0 “ v ^d Crystal Structure of the Halogen Hydrides. 

F. A. Henglein. (Zeits. f. Physik. 18. 1. pp. 64-69, 1923.)—The results 
are given of the measurement of vapour pressures of HC1 (solid). HBr 
(solid) HBr (liquid), and HI (solid). Deductions with respect to the 
crystal structure of the solid hydrogen hydrides may now be drawn from 
the thermal data Heat of fusion and melting-point increase with rising, 
atomic weight of the halogen in the case of the homoiopolar combina¬ 
tions Cl Br, I, which possess a molecular lattice; in the case of the 
heteropolar combinations with ionic lattice (KC1, KBr, KI) the melting- 
f “i C ° ns 1 q, ! entl y . also the heat of fusion decrease with rising atomic 
° f th * ^gen ; on - lf the kation remains the same. As regards 
the halogen hydrides, the melting-points likewise rise with the molecular 
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weight, so the heat of fusion of HC1 is smaller than that of HBr; for 
HI (solid) a molar heat of fusion of about 700 cal. would have been ex¬ 
pected, yet it amounts to only 170 cal. From that the following 
consequences are drawn : (1) The solid halogen hydrides form a molecule 
lattice as chlorine—bromine—iodine. (2) HI possesses before its melting- 
point another crystal form, like HC1 and HBr. It is possible that HI 
at lower temperatures fonns a second modification, as already in the 
case of iodine likewise two modifications are observed. The author 
has previously commented on the close connection between halogens 
and halogen hydrides, and has shown that the following ratio holds : 

Molecular volume of the halogen at the b oiling-point 
Molecular volume of the halogen hydride at the boiling-point 

The following summary of the sublimation pressures at the melting-point 
serves to characterise the molecule and ion lattices. 


• 

0 

Molecule Lattice. 

Ion Lattice. 


Cl. 

Br. 

m 

HCI. 

HBr. 

III 

KCI. j KBr. | Kl. 

Vapour pressure at 
Iho melllnr-point, 
ram. Hf. 


441 


123*2 

m 

3C0 

a Lout 0- 4 


j. J.S 


292. On the Theory of the Temperature Variation of the Specific Ilea 
of Hydrogen. E. C. Kemble and J. H. van Vleck. (Phys. Rev. 21. 
pp. 653-661, June. 1923.)—The purpose of the present paper is to present 
a corrected calculation of the rotational and vibrational specific heat of 
an elastic non-gyroscopic model of a diatomic gas. Such a calculation is 
desirable, since the observed specific heat of hydrogen at high temperatures 
is appreciably greater than the limiting theoretical value for rigid molecules, 
(5/2) R or 4 • 963 cal. per mol. To account for the abnormally large specific 
heat of hydrogen at high temperatures, the molecule is assumed to have 
an internal vibrational degree of freedom. Assuming a dumb-bell model 
and the following law of force F = a (r - r 0 )/r«. the energies of the stationary 
states are derived on the basis of the Bohr-Sommerfeld form of the quantum 
hypothesis, and an expression for the specific heat obtained. When 
suitable values of the two adjustable constants are chosen, satisfactory 
agreement is obtained with the experimental results for hydrogen through¬ 
out the entire range, to 1300° K. The constants of the hydrogen molecule, 
computed from the empirical constants of the specific heat equation 
are: Nuclear spacing,0-488 x 10- 8 cm.; moment of inertia. I*975xl0- 41 
gm. cm. 2 ; wave-length corresponding to normal vibration. 2-05^. New 
empirical formula* between 300° and 2300° K. are derived from Pier's 
data for the specific heats of hydrogen and water-vapour, viz .: 

C„ = 4-87 4- 0*539 X 10” 2 / + q* 146 X 10-®/ 2 
and C„ = 6*03 + 4*2x 10-3/ - 4*07 x 10-®/ 2 -f 1*95 X 10~W 

respectively. Calculation on the same basis from the observations by 
Sclieel and Heuse on nitrogen, oxygen, and carbon monoxide near 92° K. 
give results which show that either the assumed specific heats are wrong 
or that the theory is not applicable to these gases. H. H. Ho 
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SOUND. 

293. Lissajous' Whistling Flame. E. G. Richardson. (Am. J. 
Sci. 6. pp. 11-14. July. 1923.)—An examination of the phenomenon attri¬ 
buted to Lissajous in which the air in an open tube may be made to sound 
by placing the mouth of the tube over the flame produced when gas from 
a Bunsen burner is lighted above a piece of copper gauze. The author 
finds that the flame from a Meker burner will act in the same way. The 
phase relation between the vibration of the flame and the stationary 
air-waves in the pipe is determined by the same method used by the 
author in the study of the singing flame [see Abstract 122 (1924)]. It is 
found that the body of the flame does not vibrate ; the periodic variation 
is in the blue part at the base. The experiments show that the air-supply 
to the flame plays an important part, that the action of the grid is to 
cool the flame rapidly between each of its hot periods, and that a draught 
of air through the tube, as postulated by Gill, is not essential. The 
action depends mainly, as Gill stated, on varying currents through the 
gauze, rather than on pressure changes as in the ordinary singing flame. 
The to-and-fro motion of the air in the pipe, due to stationary waves, 
reacts on the air-supply to the flame, causing a variation in the quantity 
of heat transferred per second to the vibrating air column. The flame 
is shown to be in a position to transfer a greater amount of heat just 
before a condensation occurs, which corresponds to the condition deduced 
by Rayleigh for the maintenance of such vibrations by heat. T. H. 

294. The Dynamical Theory of the Bridge of a Certain Class of Stringed 

Instruments. K. C. Kar. (Phys. Rev. 21. pp. 695-698, June, 1923.)— 
The effect of letting a vibrating string strike a sharp edge near one end, 
as in the case of the Indian plucked instrument tanpura, is to increase 
the relative intensity of the octave and other even harmonics, while the 
rest diminish quickly almost to nothing, giving a peculiar sweet note. 
The mathematical theory is developed. The phenomenon apparently 
violates the Young-Helmholtz law since it may be observed even when 
the string is plucked in the middle; but the effect of the sharp edge is 
to build up the even harmonics even if thev are very weak in the original 
vibration. Author. 

295. Measurement of Sound Intensity. J, C. Karcher. (Bureau of 
Standards, Sci. Papers No. 473. pp. 105-111, May. 1923.)—A sound¬ 
detecting device, such as a magnetophone or electrostatic transmitter, 
and two coils whose mutual inductance can be varied by known amounts 
constitute a measuring instrument. The sound detector and one coil 
are connected to an indicating instrument, consisting of a vacuum-tube 
amplifier, a rectifier, and galvanometer. The e.m.f. generated in the 
detecting instrument is compared by substitution with the e.m.f. generated 
in one coil when the other carries a known current. Since the sound 
intensity is proportional to the square of the e.m.f. generated in the detector, 
a means of making sound intensity measurements is presented. The 
necessity for the calibration of an amplifier is obviated. The instrument 
has a sensitivity range of about a million fold, the lower limit being near 
the threshold value of audibility. Absolute standardisation of the appara- 
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tus may be effected by comparison with a Rayleigh disc or by the use of 
a thermophone. The paper includes a diagram of the apparatus and a 
graph of its calibration curve. E. H. H. 

296. Simple DeviceJor Recording Sound Waves. C. J. Lapp. (Optical 
Soc. of America, J. and Rev. Sci. Inst. 7. pp. 661-664. Aug.. 1923.)- 
This sensitive device is similar in principle to the phonodeik of 1>. (\ 
Miller. The optical system is. however, simpler. A diaphragm of 
dermatype paper (taken from dermatype stencils for the Edison-Dick 
mimeograph) is stretched over a two-inch circular opening in a brass 
plate 0 169 cm. thick and held in place by a llat brass ring of same 
thickness screwed to the plate. To the centre of the diaphragm arc 
attached perpendicularly four or live silk fibres, the other ends of which 
are held by a very fine conical aperiodic spring attached to the end of 
a bracket mounted on the brass plate. An oscillograph mirror 0-164 
cm. long and 0 0435 cm. wide is mounted with its plane parallel to that 
of the diaphragm, one end being attached by shellac to the fibres already 
mentioned, and the other end carried by a tight single silk strand (of 
a three-strand silk thread) passing across the diaphragm 0-476 cm. above 
and parallel to it. Light through a pin hole from an arc is focused on 
the mirror and then by a cylindrical lens on to a moving plate. Seven 
photographic reproductions arc given of vibrations, some from organ 
pipes, some from pipes and C. T. Knipp's singing tube giving beats, and 
one from the French horn. E. H. B. 

297. Overtones of Large Tuning Forks. S. H. Anderson. (Phys. • 

Rev. 21. pp. 692-694, June. 1923.)—Elimination of the first overtone, 
frequency 6-27 times the fundamental, which is usually very prominent 
for forks of pitch below 256 d.v./scc.. can be secured by striking the fork 
with a soft, padded hammer at the internal node, situated one-fifth the 
length of the prong from the free end. and at the same time holding the 
fork lightly at the antinode, situated two-fifths the length of the prong 
from the fixed end. The elimination of this overtone has make it possible 
to detect a new overtone whose frequency is approximately three times 
that of the fundamental. This tone seems to be due to the vibration of 
the fork as an unsymmetrical free-free bar with one internal node 0-37 
the length of the prong from the outer end and antinodes at the tips 
of the prongs and the tip of the stem. ‘ Author. 

298. Amplitudes of Hewlett Tone Generator. C. E. Laue. (Iowa 

Acad. Sci., Proc. 28. pp. 83-88, 1921.)—The tone generator designed by 
C. W. Hewlett (Phys. Rev. 17. p. 257) is intended for use as a precision 
source of sound. Its operation has been investigated mathematically 
by its designer and a method given for calculating the amplitude of 
vibration of its diaphragm from the electrical input. The present paper 
describes a method by which actual measurements of the amplitude 
may be taken for comparison with the calculated amplitudes. For this 
purpose an electrical micrometer was made and operated on the same 
principle as that described by P. E. Shaw [Abstract 1779 (1905)]. These 
measured values of amplitude agree as well as might be expected with 
the calculated values. It is thus concluded that the method provided 
by Hewlett for the calculation of amplitudes will give them nearly enough 
for practical purposes. E. H. B. 
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ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 
ELECTRICITY. 

299. Interior and Exterior Space-Time Forms of the Poincari Electron 
in Weyl's Geometry. J. Marshall. (Roy. Soc. Edinburgh. Proc. 43. 2. 
pp. 170-179, 1922-1923.)—Weyl’s relativity theory is applied to the 
case of an isolated sphere with a uniform surface distribution of electricity, 
and a solution obtained which points to the existence of a mechanical 
force, arising from the metrical groundwork, acting inwards on the 
electron. This force, it is suggested, may be the non-Maxwellian cohesive 
force necessary to prevent the disruption of the electron. 

The work is based on the field equations : 

- XT; = g; - J|J(G - 2A) and Aft.. = G„, + H„. 

(where H M „ is a certain linear expression in the potentials. fa, and their 
derivatives) : equations which become identical with Weyl’s integrals 
derived from his action principle on using the relation fa — 0. To obtain 
the boundary conditions the fictitious field in the ’* interior of the electron ” 
is first examined, by setting fa = fa = fa = 0. fa - a constant = fa; 
and a form approximating to Minkowski's is found for ds-, together with 
the gauging equation A = 0, which may be interpreted to mean that 
actual measurement within the electron is impossible. The exterior space 
form (fa = fa = fa = 0, but fa varying from point to point) can now 
be determined. The result is: 

** = ~ gr T»w ~ **■“ + sin2 «« + 

where u is a function of r containing the constant of integration b, but 
no other physical constants, and is such that, for large values of b, 
r = u(l — u~/ 1 Oft 2 + 0(u*/b*)). f is a function of u, b. A, and of a, the 
radius of the Electron. From Maxwell's equation = J M the gauging 

equation is found to be A = and £ then reduces to cy/ifi -f- b*. k, the 

electrostatic potential is - e/u(\ + u*/6*)*. In order, then, that k ~ - e/u 
for large u, b must be large compared with the radius of the universe. 
The value of the force acting inward on the electron can now be estimated 
and is given by qc-lxab, where q is a number between 0-7 and 0-9. On 
inserting the values of the other constants, which are all known except 
b, it is found that this pressure is equal to that required to hold the 
electron together if b = 0(102° cm.), a value not in conflict with the 
minimum radius to be ascribed to the stellar universe on astronomical 
grounds, namely 10 25 cm. M pj A jj, 

300. Magnetic Force Produced by a Circular Electric Current at a 
Point tn the Interior of the Circuit. E. Mathy. (T. de Physique et le 
Radium, 4 pp. 240-245. July, 1923.)-The treatment is mathematical, 
being based on the development of Laplace’s formula. A. B. C. L. 
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301. The V'iews of Carl Hering on Electromagnetic Laws. L. Brlining- 
haus. (Rev. G4n. d’fil. 14. pp. 250-252, Aug. 25. 1023.)—The author 
deals critically with certain experiments described by C. Hering as con¬ 
flicting with the usually stated laws of electromagnetism [see Abstract 1455 
(1923)] and reaches the conclusion that these laws are nevertheless correct. 

\v. k. c. 

302. The Braking of Moving Charges by Passage over Conducting Bodies. 

W. P. Radt. (Ann. d. Physik, 72. 5. pp. 400-420, Sept. 28, 1923.)— 
Section 1 of this paper describes an Hertz experiment in which two 
rectangular copper discs attached at the ends of a horizontal needle 
oscillate over a conducting glass disc. The needle by means of a wire- 
attachment was made to execute torsional vibrations, and Hertz observed 
an increase in the damping effect when the discs were electrified. Further 
work in this direction appears not to have been done, and the present 
author now investigates this braking effect with the aid of Maxwell’s 
theory. Sections 2, 3, and 4 deal with the generation of the electric field 
by potentials, the form of the potentials and the boundary conditions, 
and the behaviour of the induced charges. Section 5 then considers 
the braking force for rectangular and Section 6 for point charges. The 
integration of the equation of motion is carried out in Section 7, while 
Section 8 discusses the force perpendicular to the conducting surface. 
Section 9 is devoted to the consideration of plates of finite thickness, 
and Section 10 to point charges which fly through a hollow cylinder. 
In Section 11 numerical calculations arc made for kathode-ray particles 
of *7 10° cm./sec.” 1 . The final section discusses the possibility of experi¬ 
mental proof of the theoretical results by means of electrons (kathode 
rays). The paper is mathematical throughout. H. H. Ho. 

303. Electric Figures. Elisabeth Kara-Michailova. (Akad. Wiss. 

Wien, Ber. 131. 2a. No. 3. pp. 155-169. 1922.)—On plates of gypsum, 
previously dusted or dusted afterwards, the elliptical figures dilate with 
increasing tensions, but the form becomes, with positive figures, more 
nearly circular. On previously dusted plates the ellipse is nearly a circle. 
At high tensions subsidiary bundles appear, the negative along the long 
axis of the ellipse (the direction of minimum dielectric constant), the 
positive at right angles to this on gypsum, but not distinct on other aniso¬ 
tropic substances. The radius depends on the nature of the substance, 
being greater the smaller the dielectric constant. A. D. 

DISCHARGE AND OSCILLATIONS. 

304. Ionic Oscillations in theStrialed Glow Discharge. R. Whiddington. 

(Phil. Mag. 46. p. 720, Oct., 1923.)—Referring to the paper by Appleton 
and West [see Abstract 1656 (1923)] the author points out that the dis¬ 
continuous nature of the vacuum-tube discharge had already been observed 
by Cantor, Rieche, and others. • W. R. C. 

305. The Normal Kathode Fall and the Photoelectric Sensitiveness of 
some Metallic Sulphides and Metallic Oxides. B. Aulenkamp. (Zeits. 
f. Physik, 18. 1. pp. 70-74, 1923.) —These two phenomena depend on 
many surrounding conditions and the true connection between the two 
is yet far from being known. The author has determined the normal 
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kathode-fall and the photoelectric sensitiveness of a series of sulphides 
and oxides and has found that with preparations produced under similar 
conditions there is a parallelism between the two phenomena. J. J. S. 

306. Note on the Striking Potential necessary to Produce a Persistent 
Arc in Vacuum. F. Simeon. (Phil. Mag. 46. pp. 816-819. Nov., 1923.)— 
The arc in vacuo is found to be intermittent when the voltage available 
for striking is of the order of 100-200 volts, while radiations are emitted 
corresponding to the spark lines of the element in question. The present 
paper records some experiments on the spectrum of carbon in vacuum, 
and its appearance when the applied voltage has several values. For 
40 volts or more the arc was as persistent as in air, but, when reduced to 
30 volts the arc no longer persisted, a momentary flash only being pro¬ 
duced when the electrodes were slightly separated after touching, the 
appearance being similar to that obtained with two copper electrodes for 
a striking potential of 220 volts. A marked change in the spectrum of 
the arc occurred simultaneously, however, with the change in appearance. 
A striking potential of 40 volts was sufficient to excite the complete 
spectrum as given by 220 volts, including the lines near 385A, identified 
by Millikan (see Abstract 1421 (1920)) as the La lines of carbon ; but 
with 30 volts the Ixl and some associated lines were suppressed, still 
leaving, however, a number of recognised spark lines— e.g. 2297, 2609, 
and 2612A. This shows that the lower potential is sufficient to ionise 
carbon atoms by removal of one of the outer electrons, but insufficient 
to excite radiation corresponding to the L levels. To test whether there 
is a connection between L-radiation and the persistence of the arc in 
vacuo, arcs were formed with Cu. Al, Si, and Na. the calculated values 
being found in good accord with those observed. The results arc compared 
with corresponding ones for an arc in air at ordinary pressures. In air, 
however, the nature of the electrodes does not appear to be of importance 
as regards the voltage required to establish an arc, which depends chiefly 
on the atmosphere in which it is formed, while it seems unnecessary to 
excite the L-series of the gases in the atmosphere. H. H. Ho. 

307. Demonstration of Charges of Metallic Vapours in Arc Light. A. 
Salb. (Phys. Zeits. 24. pp. 374-376. Sept. 1. 1923.)—The researches of 
Lenard [see Abstract 1735 (1905)) indicated that the metallic vapour 
originating at the electrodes of arc lights carry for the most part positive 
electric charges. It was therefore, as Lenard showed, vapour developed 
at the positive electrode and conveyed towards the negative electrode 
by the electric field, while the vapour originating at the negative pole 
is driven back to that pole by the action of the same field. On this 
account the light from the metallic vapour which comes from the positive 
electrode fills practically the whole space between the two electrodes, 
while that from the negative electrode is limited to the immediate sur¬ 
roundings of that electrode. In this paper a method of demonstrating 
this phenomenon to a large audience is described and diagrams of the 
structure of the arc-light portion of the apparatus arc given. A. E. G. 

308. Counter Electromotive Force in Electric Arc. A. Hagenbach and 
M. Wehrli. (Arch, des Sciences, 5. pp. 302-305, July-Aug., 1923. Paper 
read before the Soc. Suisse de Physique.)—A simplified method of measure¬ 
ment. Duddell's measurements for homogeneous carbons confirmed. 
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Details given for other cases (mercury lamp. etc.). The electromotive 
force decreases as the anodo-fall becomes smaller. [See Abstract 73U 
(1923).] A . D 

309. The Deflection of a Stream of Electrons by Electromagnetic Radiation. 
E. O. Hulburt. (Phys. Rev. 21. pp. 650-652, June. 1023.)—A theoretical 
calculation, based on classical electrodynamics, gives for the maximum 
angular deflection, when certain approximations are made. He/wtu. where 
a>/27T is the frequency of the radiation, and H is the field due to it. For 
sunlight (H = 0 04L the value is only 4 x 10-»°. far too small to detect 
experimentally, while for intense X-rays, the value is of the order of 10—> 3 . 
Recently C. J. Lapp reported having obtained an observable deflection 
with X-rays. If further research should confirm this result, it would 
appear to be in direct conflict with the classical theory. Author. 

310. Electron Emission from Metals as a Function of Temperature 

S. Dushman. (Phys. Rev. 21. pp. 623-636. June. 1923.)—The emission 
of electrons from a metal may be considered as thermodynamically 
equivalent to the evaporation of a monatomic gas. for which an equation 
is derived on the basis of the Nernst heat theorem. If it is assumed that 
the specific heat of free electrons in the metal is negligible while the specific 
heat of the evaporated electrons is the same as that of a monatomic gas. the 
equation assumes the simple form I «= AT 2 «-*</r wherc e being 

the electronic charge, k the Boltzmann constant, and <f> 0 = <p — 3/2AT/r, 
where <j> is the Richardson work function. An equation of this form 
has been suggested before, but not on the same theoretical grounds 
and a different value of A has been obtained. Its chief advantage over 
the usual Richardson equation 1 *= AjTl/^-VT where b = <f>c/h, is that 
A is theoretically a universal constant. The value of the universal emission 
constant A is computed in two ways. Using the Sackur-Tctrode equation 
for the chemical constant i 0 , A comes out at 60-2 amp./cm. 2 deg.2, while 
the theory of rational units of Lewis. Gibson, and Latimer gives 50*2 
amp./cm. 2 deg. 2 Recent experimental results of Davisson and Germer, 
and of Schlichter, as well as data obtained by the writer, agree with the 

% new equation as well or better than with the old, but the temperature 
scale is not sufficiently known to distinguish experimentally between the 
two values of A. The relation between A and the chemical constant * 0 
(or Cq) is derived. Values of the work function in equivalent volts have 
been computed from the experimentally determined values of b 0 for 
tungsten (4-53). thorium (2-94), molybdenum (4-31). tantalum (4-40), 
and calcium (2 -24) within } to 1 per cent. The values for uranium (3 - 28). 
zirconium (3-28), yttrium (3*19), and cerium (3-07) are upper limits. 
In general, the values are lower the larger the atomic volumes. Experi¬ 
mental details will be given later. ' A. E. G* 

311. Scattering of Electrons by a Positive Nucleus of Limited Field. 
C. Davisson. (Phys. Rev. 21. pp. 637-649, June. 1923.)—A theoretical 
paper m which the angular distribution of electrons scattered by a positive 
nucleus of limited field is considered. It is shown that if a random distribu¬ 
tion of electrons moving on parallel lines with a common velocity, corre¬ 
sponding to V volts, is projected into a central field of force given by 
E/r 2 for values of r < p and by zero for r> p, the intensity of scattering 
in a direction making an angle ip with the incident beam will be proportional 
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to {(2/x - l)/[(2/x - 1) 2 (1 + cos ip) + (1 - cos where \l = Vp/E, 

provided the variation in mass of the electron with speed is disregarded. 
Allowing for variation of mass of the electrons with speed so that the 
trajectories of the electrons through the limited field conform to the orbits 
calculated by C. G. Darwin, the distribution patterns will depart consider¬ 
ably from those calculated on the simple theory, particularly for small 
values of V. Semi-graphical methods are developed for constructing the 
distribution curves when V, p. and E are given. Taking into account 
the mutual energy of electron and nucleus according to the view suggested 
recently by H. A. Wilson, the actual scattering patterns may be expected 
to conform closely to those calculated on the simple theory. A. E. G. 

312. Emission of Electrons from Metals in High Fields. G. Hoffmann. 

(Phys. Zeits. 24. pp. 109-111, March 1. 1923.)—A summary of investiga¬ 
tions made by the author [Abstract 1922 (1921)] and by F. Rother 
[Abstract 341 (1915)). It is suggested that the latter’s results have to 
deal with a poorly conducting layer. The author shows that when the 
strength of the field between two metals in a vacuum is increased, a current 
commences when a critical potential is reached which depends upon the 
metal employed, e.g. for platinum it is about 4-10 volts per cm. The 
phenomenon is explained on the basis of removal of electrons from the 
metal. A. C. M. 

313. Critical Electron Energies in Hydrogen. F. Horton and Ann C. 
Davies. (Phil. Mag. 46. pp. 872-896. Nov., 1923.)—The authors have 
previously [see Abstract 718 (1920)] given an account of an investigation 
of critical electron energy values in hydrogen. They then described 
experiments made to ascertain whether the positive ions which could be 
detected leaving a positively charged platinum surface under electronic 
bombardment could be attributed to hydrogen occluded in the metal, 
but the results afforded no support for such a view. From the experiments 
in hydrogen it was concluded that there are 2 critical electron energies 
at which radiation is produced, and 2 at which ionisation occurs, and from 
the approximate agreement between the values obtained and those 
predicted from Bohr's theory, the first radiation voltage and the first 
ionisation voltage were attributed to the hydrogen atom, and the other 
2 critical values to the hydrogen molecule. It was assumed previously 
that at the higher ionisation voltage the molecules are dissociated into 
pairs of atoms and that one atom of each pair is ionised, but the determina¬ 
tion of the absolute values of critical points was then only approximate. 
The new methods used for testing the origin of a radiation were to ascertain 
whether it could be absorbed and re-emitted by the gas in its normal 
state, and were carried out by finding whether the radiation would travel 
through the gas and produce a photoelectric effect on an electrode so 
placed that it could not be illuminated either directly, or by reflection, 
from the position at which the exciting electron collisions occurred. As 
hydrogen in the normal state is molecular, such a *' handing-on ” of 
radiation cannot occur if the radiation is produced by dissociation of the 
molecule into atoms and the excitation of one of these atoms, but only 
if of true molecular origin. The test of the nature of the positive ions 
produced at a critical ionisation stage was a spectroscopic examination 
of the radiation produced when recombination occurs, the assumption 
being made that Balmer lings are due to the recombination of electrons 
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and positive hydrogen atoms, and that they therefore only appear il 
atoms are present. Olmstead s recent experiments arc described and 
discussed, also those of Duftcndack. The present experiments have 
indicated that the following voltages correspond to critical energy values 
in hydrogen: 10-2, 11-9, 12-6, 13-6. 15-9. 22-8. 26-1, and 29-4. At 

10- 2,11*9,12-6, and 26 -1 an increased production of radiation commences, 
while at 13-5, 15-9, and 29-4 an increased rate of production of ionisation 
is initiated. At 22-8 the bombarding electrons suffer inelastic collisions, 
but unaccompanied by more radiation or more ionisation. It appears 
that 10-2 and 13*5 are atomic critical points, while 11*9, 12-0, 15-9. and 
22*8 are molecular critical points, also that the radiation produced at 

11- 9 can be " handed on ” throughout a volume of the gas and is therefore 
due to an excitation of a molecule without dissociation. Duflcndack’s 
observation is confirmed that the Balmer series lines appear at the 16-volts 

* ionisation stage and shows, therefore, that here the dissociation of the 
molecule into atoms and the ionisation of one of these atoms occurs. 
A blue glow, of continuous spectrum extending from the yellow to the 
limit of the visible spectrum in the violet, was obtained at lower voltages 
than either the Balmer lines or those of the hydrogen secondary spectrum, 
and without any ionisation occurring. The experimental evidence sug¬ 
gests this continuous spectrum to be attributed to the formation of 
molecules (H 2 or possibly H 3 ) by the combination of neutral atoms 
produced by electronic-molecular encounters, which result in dissociation 
and atomic excitation. The results obtained are consistent with the 
view suggested by Pauli from theoretical considerations, that the ionisation 
of the hydrogen molecule by the process H 2 —^ H 2 + + electron requires 
about 23 volts energy, whereas by the process H 2 —>H + H+ + electron 
it requires considerably less energy. Three forms of apparatus were 
employed in the experiments and are fully described, two being for the 
spectroscopic investigation and one for the accurate location of the 
critical electron energy values and of the origin of the various radiations. 

H. H. Ho. 

314. Motion of Electrons in Hydrogen under Crossed Electric and 
Magnetic Fields. R. N. Chaudhuri. (Phil. Mag. 46. pp. 553-564, 
Sept., 1923.)—In a previous paper (see Abstract 1203 (1923)] the current 
between kathode and anode was shown to be diminished by the application 
of a magnetic field at right angles to the electric field. For pressures up 
to 10 mm. the residual percentage of the initial current was found to be 
proportional to the pressure. The conclusion was drawn that the residual 
current was chiefly due to the collision of electrons with gas molecules, 
and the mean free path of the electrons deduced on this assumption agreed 
fairly well with that calculated from the kinetic theory. Hydrogen 
seemed to be an exception in both respects, and the present paper gives 
the results of a more detailed investigation for hydrogen. Using similar 
apparatus, it is found that the percentage residual current depends largely 
on the temperature of the hot filament (kathode], being greater when the 
temperature of the filament is lower. From the consistency with which 
the percentages are repeated after the filament has been strongly heated, 
it is concluded that the probable cause of the lower values when the fila¬ 
ment temperature is higher is that in such cases more of the hydrogen 
is dissociated by the hot filament and the electrons are colliding with 
atomic as well as molecular hydrogen. The mean free path of the electrons 
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being greater when the gas is in the atomic state, the residual current 
would naturally be smaller at higher temperatures. Curves are drawn 
for different temperatures showing the relation between percentage 
residual current and pressure. In every case the current is proportional 
to the pressure up to at least 2 x 10 -2 mm. The mean free paths of an 
electron obtained by this method in molecular and atomic hydrogen are 
about one-third those calculated on the kinetic theory. This may be 
due to the formation of heavy ions and the carrying of some part of the 
residual current by these. G. A. S. 

315. Distribution of Velocities among Electrons Emitted by HotPlatinum 
in Hydrogen. H. H. Potter. (Phil. Mag. 46. pp. 768-784, Nov., 1923.) 
—The first measurements on the energy distribution among the electrons 
emitted by hot metals were made by Richardson and Brown and by 
Richardson. Both the normal and the tangential components of the 
velocity were studied, and the experiments showed that the distribution 
of energy among the electrons emitted by platinum in air at low pressures 
was in close agreement with Maxwell’s distribution law for a gas of a 
molecular weight equal to that of the electrons in thermal equilibri um 
at the temperature of the hot platinum. Some experiments were also 
made on lime-coated filaments and on platinum filaments in an atmo¬ 
sphere of hydrogen. In both cases the velocity distribution did not appear 
to be in agreement with Maxwell's law. The experiments on lime-coated 
filaments seemed to give fairly definite results, but in the case of hydrogen 
the results were too irregular to draw very definite conclusions from. 
The present series of experiments were undertaken in the hope of clearing 
up some of these points. The apparatus employed is described in detail 
with the help of diagrams. In the second part of the paper experiments 
on the velocity distribution are described, having first considered the 
theoretical aspect of the case. The electron emission from hot platinum 
is measured in vacuum and in an atmosphere of hydrogen. The presence 
of hydrogen at pressures of 1/20 mm. and over is found to affect greatly 
the measured average energy of the emitted electrons. Maxwell’s distribu¬ 
tion law is found to hold for the emission from pure platinum in a high 
vacuum. The linear relation between the logarithm of the current and 
the applied voltage is found to hold good in an atmosphere of hydrogen, 
but the average energy of the electrons has been found to be higher than 
that demanded by Maxwell’s law. The average energy does not appear 
to be a regular function of the pressure. Experiments on the total 
emission indicate that if the platinum wire is quite clean hydrogen has 
little or no effect on the total emission at temperatures near 1450° C., 
but that the hydrogen has a considerable effect (usually increasing the 
emission) if the filament is contaminated. « A. E. G. 

316. The Effect of Vapours upon the Mobility of Ions in Air. Maria 
B6laf. (Akad. Wiss. Wien, Ber. 130. 2a. No. 7-8. pp. 373-381, 1921.) 
—Employing the flow method used by Becker [Abstract 383 (1908)], 
the author has determined the effect, if any, of certain vapours upon the 
mobility of ions in air. Benzyl alcohol and aniline produced no effect. 
Formaldehyde and propionaldehyde reduced the mobility of negative 
ions to a greater extent than that of positive ions. The reduction of 
mobility effected by ammonia was more marked in the case of positive 
ions. Results obtained with methyl alcohol, ethyl alcohol and ethyl 
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acetate confirmed results previously obtained by Przibram in the case of 
these vapours [Abstract 1365 (1910)]. No definite difference in the effect 
produced was observed whether the air-vapour mixture was ionised, or 
the vapour added to air already ionised. The phenomenon is apparently 
closely connected with the power of association possessed by the respective 
vapours, and which is exhibited, for example, by their tendency towards 
polymerisation. J. S. G. T. 

317. Potential Measurements with Tesla Transformer. Correction. 

M. Wolfke. (Phys. Zeits. 24. p. 303, July 15, 1923).—Certain formula 
referred to in Abstract 2266 (1923) are not correct, but the results given 
may be evaluated by means of a formula now given. A. W. 

318. Optical Constants of Certain Liquids for Short Electric Waves. 

J.D.Tear. (Phys. Rev. 21. pp. 611-622, June. 1923.)—The great change 
in refractive index of a number of liquids in crossing the unexplored 
region separating the extreme infra-red from the shortest electric waves 
is of considerable interest. A notable example is the dispersion of water, 
the index of refraction changing from a value near 1-5 in the infra-red 
to approximately 9 for wave-lengths of a few centimetres. The study 
of the optical constants of these liquids has extended from wave-lengths 
of several metres to about 2 cm., but in much of the earlier work the 
method of waves on parallel wires was used. Lebedew and Lampa in 
their measurements of indices of refraction used prismatic cells of small 
angle. Later experimenters, following the lead of Cole, used the method 
of reflection, only Eckert and Mdbius taking into consideration the absorp¬ 
tion coefficients. The wide variations in the results of the various 
investigators may be accounted for in part by the errors introduced by 
diffraction when the reflecting and refracting surfaces used arc but a few 
wave-lengths in extent and in part by the inherent difficulties in using 
a small Hertzian oscillator the emission of which tends to vary both in 
amount and in the degree of damping. The principal source of error 
lies in the determination of the wave-length of the radiation used. Optical 
constants are now measured for water, glycerin, methyl and ethyl alcohol 
for short electric waves of length 4 to 27 mm. Special Hertzian oscillators 
and radiometer receivers developed by Nichols and Tear [see Abstract 
2267 (1923)] are used. For the extinction coefficient glass and ebonite 
cells were used ; for the coefficient of reflection the liquid is held in a 
tilted rubber tray. The refraction indices are then computed by the 
Cauchy-Quincke formula. In a few cases the index is determined directly 
from measurements of the reflection from a thin layer of the liquid over 
a mercury surface as a function of the thickness since, due to interference, 
maxima occur at intervals of half a wave-length, providing the absorption 
is not too great or the reflection too small. Water shows absorption 
maxima at wave-lengths of 20. 7. and perhaps 2 mm., its index drops 
from 8-7 for 40 mm. to 5-3 for 4 mm. The experimental values agree 
with those computed by Rubens from the Debye theory for A > 40 and 
A < 0-2 mm.; the discrepancies in the intermediate region are evidently 
due to the presence of two or three absorption bands, whereas only one 
is assumed. A. E. G. 

319. New Method of Determination of Period of High-Frequency Electric 
Oscillations. Determination of Velocity of Propagation of Electromagnetic 
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Waves in Wire Conductors . M. Mercier. (Ann. de Physique, 19. 
pp. 248-287, May-June, and pp. 5-65, July-Aug., 1923.)—-In the first 
part a new method of measuring absolute values of the period of electric 
oscillations of high frequency is described. It is claimed that this method 
enables a period of the order 1/100,000,000 sec. to be determined by direct 
comparison with a clock having a precision exceeding 1/100,000. The 
phenomena of harmonic and multiple synchronisation are investigated. 
The apparatus used is described in detail and illustrated by diagrams 
and photographs. In the second part, after a somewhat lengthy theoretical 
discussion, the experimental arrangements arc described. The influence 
of external objects upon the precision of the measurements is dealt with, 
then the method of carrying out the experiments and details of a complete 
set of measurements are given [see also Abstract 1374 (1922)]. A. E. G. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

320. Influence of Cold Rolling on the Electrical Properties of Sheet Steel. 

(Report from Dept, of Communications. Tokyo [48 pp]. Sept., 1922.) 
The samples consisted of silicon steel and ordinary steel. These were 
subjected to cold rolling and the electrical, magnetic, and mechanical 
properties were determined at each stage of rolling. The rate of increase 
of hysteresis loss is found to be nearly proportional to the reduction in 
thickness. The coercivity changes similarly, but the retentivity does 
not change appreciably. The magnetising force corresponding to different 
inductions increases gradually as the thickness is reduced. Change in 
the mechanical properties is always accompanied by a corresponding 
change in magnetic properties. The electrical resistivities and specific 
densities do not change appreciably. W. R. C. 

321. Effect of Tension on Change of Resistance and Thermoelectro- 
motive Force by Transverse Magnetisation. A. W. Smith. (Phys. Rev. 
22. pp. 68-65, July, 1923.)—Electrolytic nickel in the form of wire, 1-4 mm. 
diameter, was placed between the poles of an electromagnet so that the 
field was perpendicular to the axis of the wire. The electrical resistance 
of the wire decreased when the field was excited, and the amount of 
decrease diminished when the wire was subjected to tensile stress. For 
a tensile stress of 21-2 kg./mm.2 the decrease was less than * of the value 
when the wire is unstrained. 

The thermoelectromotive force of the wire against copper was also 
measured. The effect of transverse magnetisation is to increase the 
electromotive force of the couple, but the increment is smaller when the 
nickel wire is under tensile strain. Observations of the Hall and Nernst 
effects on a Ni plate show that a tensile stress in the direction of the 
electrical or thermal current has no appreciable effect on the magnitude 
of these effects. The results obtained are discussed from the point of 
view of the electron theory, and the author is led to believe that changes 
of resistance, length, and thermoelectric force are to be attributed to 
atomic distortion under the action of the magnetic field or the tension, 
whereas the Hall and Nernst effects are due to the action of the magnetic 
field on quasi-free electrons. L. L. 

322. Effect of Torsion on Thermal and Electrical Conductivities of 
Metals. C. H. Lees and J. E. Calthrop. (Phys. Soc.» Proc. 35. pp. 225- 
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233 ; Disc., 233-234, Aug., 1023.)—The close connection which all forms 
of the electron theory disclose between the thermal and electrical conduc¬ 
tivities makes it desirable that these quantities should be determined 
under as many different conditions as possible to see how far the theory 
is supported by the facts. Tension has been shown by various observers 
to produce changes of opposite sign in the two conductivities. [See 
Abstract 650 (1917).] The results of different observers for the effect of 
pressure are discordant among themselves. 

In the present investigation wires with their ends held by water-cooled 
clamps, by means of which torsion can be applied, arc heated centrally 
by a coil of wire bearing a current. Temperatures at two points on the 
main wire are taken by suitable platinum thermometers. The whole is 
surrounded by a water jacket at the temperature of the clamps, and a 
third platinum thermometer gives the temperature of this. Thus the 
heat conductivity is calculated. By passing a current through the main 
wire and measuring the fall of potential between two points with a 
potentiometer, changes in electrical conductivity on twist are measured. 
Wires of steel, aluminium, copper, and lead arc tested and tables of results 
arc given. The heat conductivity after twist docs not return immediately 
to the value before twist. This is especially so with steel. Apart from 
this irregularity, twist decreases the heat conductivity of aluminium, 
copper, and lead by a few parts in 1000 ; in steel the decrease exceeds 1 
per cent. The decrease appears to be independent of the direction of 
twist and proportional to the square of the angle of twist. The decrease 
in electrical conductivity is less in every case than the corresponding 
decrease in heat conductivity, but is also roughly proportional to the 
square of the ang^e of twist. G. A. S. 

323. The Passage of Electricity through Crystals. A. Joffe. (Ann. d. 
Physik, 72. 6. pp. 461-500, 1923.)—The passage of electric currents through 
insulating crystals exhibits certain peculiarities which have not hitherto 
received explanation. Von Schweidlcr has opined these to be dielectric 
anomalies on the ground that after passage through a crystal the current 
decreases with time, and when removed the crystal is found to afford a 
reverse current. Work by Warburg and Curie is quoted. The present 
investigation, which has been partly carried out in association with W. C. 
Rontgen [see Abstract 1492 (1913)], shows that differences between previous 
results are due partly to admixture and partly to the previous treatment 
of the preparation used. A very convenient experimental installation 
is now described for such measurements. It is established that all the 
crystals investigated possess a specific resistance and that Ohm's law is 
experimentally valid when very short intervals of time are taken. Data 
for calcspar and quartz are included. The conductivity is found, more¬ 
over, to possess a very high temperature coefficient, e.g. at 100° C. it is 
3-10* greater than at 0° C., and by choice of temperature it is possible 
to accelerate or retard conduction within the widest limits. The tempera¬ 
ture influence is traced to two causes : (1) To a dissociation of the crystal 
components by temperature changes, i.e. a change in the number of such 
ions as are not bound in the crystal, but affected by external electric forces; 
(2) to a change in ionic mobilities. The problem of galvanic polarisation 
at high voltages is examined for calcspar and quartz, experiments being 
fully described, and a discussion of ionic equilibrium in quartz is given. 
Following this comes an investigation of the influence of radiation, which 
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varies greatly with the type of crystal, Rontgen rays, a, ft. and y rays, 
and ultra-violet light being used. Pure crystals are finally examined, 
and the results compared with those of the natural substances. The 
last section is devoted to the electrolysis of crystals. H. H. Ho. 

324. On the Adiabatic and Isothermal Piezo-Electric Constants of 
Tourmaline. D. A. Keys. (Phil. Mag. 46. pp. 999-1001, Nov., 1923.) 
—The question of any large difference in the piezo-electric constants of 
tourmaline, when compressed adiabatically and isothermally, is one of 
the greatest importance in making measurements by the piezo-electric 
method [see Abstract 587 (1922)]. In general, the crystal vessel is cali¬ 
brated by applying static pressures to the crystals and finding the effect 
produced. This process is relatively slow as compared with the time 
taken for the pressure in an explosive wave to reach its maximum, so 
that the crystals are calibrated isothermally and used adiabatically; 
any difference in the piezo-electric constant in the two cases, therefore, 
causes an error in calibration. The experimental evaluation of this 
difference is so difficult to carry out. that the author deems it expedient 
to calculate it thermodynamically, as shown in the present paper. For 
tourmaline the difference between the adiabatic and isothermal piezo¬ 
electric constants is found to be about 0-33 per cent., so that only a very 
slight error is produced by isothermal calibration and adiabatic practice. 

H. H. Ho. 


325. Contamination of Thermocouples. O. A. Hougen and B. L. 
Miller. (Chem. and Met. Eng. 29. pp. 662-663, Oct. 5. 1923.)—It is 
well known that the thermoelectric power of thermrcouples is affected 
by contact with silica protection tubes at high temperatures, and the 
authors have studied the magnitude of the effect for two types of couples : 
one platinum-platinum 10 per cent, rhodium and one base metal, 
chromcl-alumel. The platinum couple was subjected to the following 
heat treatment: 


Preliminary annealing-oxidising atmosphere. 

50 hours at 900° C. in a reducing atmosphere. 

50 hours at 1000° C. in a reducing atmosphere. 

50 hours at 1200° C. in a reducing atmosphere. 

Annealing at white heat-oxidising atmosphere. 

50 hours at 1000° oxidising atmosphere. 

The chromel-alumel couple was subjected to the same heat-treatments, 
except for preliminary annealing and the 50-hour heating at 1200° C. 
lhe reducing atmosphere was obtained by loosely surrounding the silica 
tubes with graphite powder: the oxidising atmosphere by the natural 
circulation of air through the heated tube furnace 

** SuUs °f £ Tests.—-First 50-hour run, 900° C.. reducing atmosphere ; 
no change in the e.m.f. of either couple. Second 60 -hour run, 1000° C., 
reducing atmosphere; both couples showed a reduction in e.m.f. Thei 
thermoelectric power of the noble metal couple was reduced about * per' 

i onno r* ^ ^ T * ^° UpIe ab ° Ut 4 cent - Third 60 -hour run, 

* ™ atm< *P here : a* e.m.f. of the platinum couple showed 

a marked reduction. On annealing, the platinum couple recovered its 
e.m.f. to a marked degree and the base metal couple also showed a 
decided increase in e.m.f., but in this case there was a permanent alteration. 
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Oxidising treatment (1000° C.). The platinum couple showed no further 
alteration in e.m.f., the base metal showed an increase in c.rn.f. Both 
couples had become brittle. 

The general conclusion is that the siliconising of platinum can be 
almost completely removed, but that the siliconising of chromcl-alumcl 
couples produce some permanent alteration in composition which cannot 
be remedied by subsequent annealing. It seems that at high tempera¬ 
tures above 900° C. the silica tube becomes porous and permits penetration 
of the reduced silicon vapour. E. G. 



326. Mercury Lamp with Low Voltage and Low Wattage. E. L. Har¬ 
rington. (Optical Soc. of America, J. and Rev. Sci. Inst. 7. pp. 689-692, 
Sept., 1923.)—The lamp is constructed of pyrex glass a 
with tungsten lead-in wires. It will only operate on /A 
direct current, and the lower lead must be negative. 

There are two types, one of which is shown in the ^ 

figure. To start the lamp the circuit is completed 1 II 

through the unbroken column of mercury, and a ( ) 

small Bunsen flame is applied at the point D until 

the mercury boils. The first bubble of mercury C | 

clears the tube above D of mercury and furnishes JM 

the necessary vapour for carrying the discharge, at D (Li8 'LL. 

the same time creating the requisite " hot spot '* \\ J 

on the kathode surface at D. The discharge is (_7 

very concentrated and intrinsically brilliant. The slj-» D,C 

current varies from 0-5 to 0-8 amp., whilst the drop 

in potential rang^ from 20 to 30 volts. T. C. H. 

t 

327. A Thermopile for Measuring Radiation. W.J.H.Moll. (Phys. 
Soc., Proc. 35. pp. 257-260; Disc., 260, Aug., 1923.)—In this thermopile 
the junctions which receive the radiation are of low thermal capacity, 
while the inactive junctions are of large thermal capacity. This arrange¬ 
ment, while still remaining highly sensitive, ensures quickness of. act ion 
and stability of zero. The couple elements are constantan and manganin 
in the form of foil 0-005 mm. thick. The inactive junctions arc fixed to 
copper pins clamped in holes arranged along parallel lines on a brass plate. 
Lacquer electrically insulates the pins from the plate. The active junc¬ 
tions may be distributed areally or linearly. It is not necessary to screen 
the inactive junctions from the source of radiation. Used in conjunction 
with a suitable galvanometer, steady deflection is obtained within 2 secs, 
after admission of radiation. The use of a fluorite window is recommended 
to eliminate air currents. L. L. 


328 . The Quadrant Electrometer. S.Jimbo. (Ministry of Communica¬ 
tions, Tokyo, Japan, pp. 1-27, Nov., 1922.)—The theory of the electro¬ 
meter is discussed and a method of power-factor measurement is given 

W. R. C 


329. A Simple Compensation Method for Measuring the Capacity, and 
the Angle of Dielectric Loss, in Condensers and Cables. W. Geyger. 
(Archiv f. Elektrot. 12. pp. 370-376, June 30, 1923.)—The arrangement 
is shown in Fig. 1, where C is the capacity to be measured, r is a non- 
inductive resistance, without capacity, in series with it, and connected 
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to a source of alternating current. The primary Si of an air transformer 
is connected, in series with the inductance L and the resistance R, to the 
same terminals ; and the secondary S 2 is connected, through a vibration 
galvanometer, with the terminals of r ; the voltage P and the frequency 
co are measured by suitable instruments. When there is no currect 
through the galvanometer. Fig. 2 shows the electrical relations. P is 
the resultant of the watt component P p . which is in phase with the current 
I. and of the wattless component P f , which is perpendicular to P„ and 
lags ; a is the complement of the phase angle between P and I, and repre¬ 
sents the total angle of loss in the capacity circuit; it is compounded 
from the angle of loss f$, due to the ohmic resistance r, and the angle of 
dielectric loss 8. which is to be measured. The voltage p between the 
terminals of r is in phase with I and equal to rl, the voltage c between 
the terminals of the secondary of the transformer is rjcoi, where i is the 
current in the primary and rj is a factor depending on the relative position 
of the coils, and can be obtained by suitable calibration. When the 
deflection of the galvanometer is zero, p and e are equal in magnitude 
and phase, and it is shown that tan a = <oL/R, tan p *= r . toC, tan a 
= tan + tan 8, and. since these angles arc small in practice, a = f$ + 8 


> = a — p. Since in the actual measurements (cuL) 2 can be neglected 
compared with R 2 , and r 2 as compared with l/(cuC) 2 it follows that 
= rj/Rr. The method has been tested out. and gives accurate results. 

H. N. A. 

330. Use of the Audicm for Absolute Measurement of very Weak Alter¬ 
ing Tensions m the Grid Circuits. Angelika SzSkely. (Akad. Wiss. 
en. Ber. 131. 2a. No 1. pp. 39-56. 1922.)_Various experimental 
angements are described and results obtained are given in both graphical 
1 tabular form. It is concluded that the difficulties of standardising 





ELECTRICITY AND MAGNETISM. 


115 


repelled, and are therefore considered to l>c diamagnetic. When a two- 
phase current was applied to a row of electromagnets which acted on a 
mixture of gangue and haematite, a separation of the ores took place, 
the gangue remaining at rest and the hematite being repelled. A similar 
separating action was observed when tinstone and tungsten were mixed 
in water; the tungsten moved the more rapidly of the two. The a.c. 
magnets have no action on aluminium dust, and it is inferred that the 
effect observed is not due to eddy currents. Further, a solid metal disc 
placed half-way across one of the poles rotates in a direction opposite to 
that along which the loose particles are propelled. The particles also 
appear to rotate about some axis while moving bodily. Magnetic hysteresis 
is considered to play a part in the phenomenon, as cast iron showed great 
translational movement, whilst stalloyand nickel were but little propelled 
along the longitudinal axis, although these metal particles stood up in 
" fins " or thin ridges. As the frequency of the current alternations was 
raised, the vertical repulsion and fin stiffness increased, but the transla¬ 
tional effect became weaker. With increased field strength the fins 
space themselves more widely. G. E. A. 

332. Magnetisation of Carbon Steels Containing Manganese. H. 
P6cheux. (Rev. G6n. d’El. 14. pp. 483-484. Oct. 6, 1923.)—An extension 
of the paper referred to in Abstract 2284 (1923). G. E. A. 


333. Null Method of Measuring the Gyro-Magnetic Ratio. W. Suck- 
smith and L. F. Bates. (Roy. Soc., Proc. 104. pp. 499-511, Nov. 1. 
1923.)—Richardson showed that if the magnetic properties of ferro¬ 
magnetic substances are due to the rotation of the electron orbits of the 
atom, then a change M in the magnetic moment should be accompanied 
by a change U in the angular momentum, such that U/M — 2»i/c. 
where m and e are the mass and charge of an electron respectively. 
Previous experiments show that the value of the ratio in practice is about 
half this. The present work is to check these results with increased 
accuracy and to determine the value of the ratio for Heusler alloys. A 
null method is used in which the oscillations set up in a vertically suspended 
cylindrical specimen by the alternating current in a co-axal helix are 
neutralised by making use of the current induced in a second small co-axal 
helix by the changes in magnetisation of the specimen. The frequency 
of the alternating current is the same as the natural frequency of the 
suspended system. The means employed to eliminate many possible 
disturbing factors are described in detail. As no measurement of magnetic 
moment, frequency, or damping is involved, a considerable gain in pre¬ 
cision is obtained. The method is independent of time lag in magnetisation, 
and so can be applied to Heusler alloys. Tables give the values obtained 

for ^ viz. (0-503 ± 0 006) for iron, (0-501 ± 0-002) for nickel, 

ftl Ztn 

and (0-601 ± 0-003) for Heusler alloy, i.e. 0-5 for all within the limits 
of experimental error. G - A. S. 


334. The Invention of the Compass. L. de Saussure. (Arch, des 
Sciences, 6. pp. 149-181, May-June, and pp. 259-291. July-Aug., 1923.) 
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335. Glow of Phosphorus, and its Extinction by Moist Oxygen. (Lord) 
Rayleigh. (Roy. Soc., Proc. 104. pp. 322-332. Oct. 1, 1923.)—Describes 
experiments on the effect of passing a blast of air, with more or less oxygen, 
over a slab of phosphorus under various conditions as regards tempera¬ 
ture, amount of moisture present, etc. Some of the more important 
results are as follows : The velocity of blast necessary to blow away the 
glow of phosphorus increases enormously with rise of temperature. On 
the other hand, it is enormously diminished by enriching the air blast 
with oxygen. The velocity of the blast measures the rate of propagation 
upstream of the glow through a mixture of phosphorus vapour and oxygen. 
When the velocity of propagation is reduced, either by cooling or by 
adding oxygen, to less than 1 cm. per sec., the condition of extinction is 
approached. From this point of view the known extinction by an atmo¬ 
sphere of moist oxygen alone is seen to be the limiting case of slow propaga¬ 
tion. It follows that extinction is due to the failure of the process which 
causes propagation. This was shown in a previous paper [Abstract 1990 
(1921)] to be in all probability a catalytic action of the products of com¬ 
bustion. Excess of oxygen, like other inhibiting substances, *' poisons ” 
these products, or makes them unfit to act, perhaps by a process of con¬ 
densation similar to that which is found to clog the motion of the ions 
in gaseous combustion. A. W. 


336. The Surface Energy of Crystals and their Form. M. Yamada. 
(Phys. Zeits. 24. pp. 364-372. Sept. 1. 1923.)—The relation between 
the surface energy of crystals of the alkali halogen compounds has been 
investigated by Bom and Stern, who found that, as a result of thermo¬ 
dynamical laws, a crystal in a state of equilibrium has a form which 
corresponds to a minimum surface energy; if a is the energy per unit 
of surface, and F is the area of the surface. ZaF i s a minimum (see 
Abstract 499 (1920)]. Wulff draws from a certain point straight lines 
in all possible directions, and cuts off from each line a length propor¬ 
tional to the cr of the surface at right angles to the line; the innermost 
polyhedron bounded by the perpendicular planes through these points 
represents the crystal form. The author proceeds along these lines, 
and calculates the surface energy for any surface, in a rock-salt crystal, 
by considering it as made up of a series of steps, the tread of the step 
being in the (1, 0, 0 ) plane and the rise at right angles to this; he adds 
together the energy required to separate the treads and that required 
to separate the rises, which are in each case equal to the distance 8/2 
between two ne.ghtx>uring (1, 0. 0) atomic layers; and making use of 
Madelungs value of the mutual electrostatic energy between a row of 
ions of alternate signs and an isolated ion, obtains an expression for 

lnnlieH , a r„r er f.. a " y plaDe the The method is also 

forms .? « , f0n f 14 is shown that ‘he polyhedron crystal 

iathm'svwi he f a ^ ° n ,' y surfaces wi ‘h simple indices occur (law of 
ac«™ tL' are wvt 7? 0f the sraallness of the atomic sphere of 
» ? 05 the existence of curved crystal surfaces, as in 

explained d,amonds - 13 mentioned, and the cleavage of crystals is 
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337. The Electronic Theory of Valency. Pari II. Intramolecular 
Ionisation in Organic Compounds. T. M. Lowry. (Faraday Soc., 
Trans. 10. pp. 488-406, Nov., 1023. Phil. Mag. 46. pp. 064-076. Nov., 
1023.)—Inorganic compounds arc treated in Part I (Abstract 1675 

H H 

(1023)]. The formula for ethylene may be written H : C : C : H. where 

the C on the left has the resultant charge + «* or + 1 and that on 
the right — 1; the bond is a “ mixed double " one and the formula 

may be conventionised as CHo—CHo or CH* ^ C Ho ; acetylene 

H : C:: C : H contains a " mixed triple bond ; the left carbon has 
charge + I and the right — 1; the conventional formula will be 

CH=CH or CH —^ CH. A large number of organic compounds have 
been formulated in a recent paper (Chem. Soc.. J. 123. p. 822, 1023) ; 
a single symbolism may now be employed to express most of the 
various classes of bonds, such as centric bonds in aromatic compounds, 
carbonicum bonds, mobile hydrogen atoms, residual affinities, partial 
valencies, principal and subsidiary valencies, etc. It is suggested as 
possible that the diamond bond, with 1-6 A. between the centres of 
adjacent carbon atoms, and the electrovalcnt link, with its radiating 
fields of electrostatic force, may perhaps be sufficient to express the 
facts of chemical combination. This extension of the theory of intra¬ 
molecular ionisation brings the reactivity of organic compounds into 
line with that of inorganic ions, and makes it possible to regard all 
chemical action as ultimately ionic in character. The resting forms of 
the molecules need not be identical with their ionised or reactive forms ; 
some organic compounds, however, probably have a permanently 
ionised structure, comparable with that of metallic salts; in other cases 
evidence is quoted to show that this condition results from a definite 
process of activation. Attention is directed to several phenomena which 
receive a simple explanation in the " crossed polarities ” of compounds 
which have hitherto been classed as *' conjugated." The properties of 
" multipolar ions " are referred to as furnishing a basis for a novel 
theory of tautomeric ions, and an explanation of their readiness to yield 
coordination compbunds. H. N. A. 

338. The Electronic Theory of Valency. Part III. The Transmission 
of Chemical Affinity by Single Bonds. T. M. Lowry. (Faraday Soc., 
Trans. 19. pp. 496-502, Nov., 1923. Phil Mag. 46. pp 1013-1020. 
Nov., 1923.)—In a chain of atoms one atom may exert an effect on its 
neighbours, which is always of the same kind, or alternate atoms may be 
affected in opposite ways (Lapworth's principle of alternate induced 
polarities). [See preceding Abstract and Abstract 1675 (1923).) In the 
opinion of the author the existence of phenomena which cannot be 
explained in one of these two ways is still unprpved. A number of 
organic compounds are considered, and it is concluded that the 
reactivity of the methyl-group in ethyl-crotonate is in harmony with the 
theory of polar double bonds; it cannot be used as a proof of the exis¬ 
tence of polarised single bonds (polar covalencies), since it receives a 
simple interpretation in terms of Thiele’s theory of conjugation. The 
small fluctuations, which are observed in the strength of unsaturated 
VOL. xxvii. —A.—1924. 



118 


SCIENCE ABSTRACTS. 


acids, as the double bond is moved along the chain, may be attributed to 
steric influences, such as those which Pickard has discovered in optically 
active compounds. The fact that amino acids are sometimes stronger 
than the acids from which they arc derived is attributed to the acylous 
(negative) character of the amino group; this is usually masked by the 
direct neutralising action of the basic group. The conclusion is drawn 
that alternate polarities are characteristic of conjugated systems, and 
that it is not yet proved that they can be developed in chains of single 
bonds, where both acylous and basylous (positive) groups produce effects 
of constant sign. H. N. A. 

339. Aqueous Solutions. A. Kling and A. Lassieur. (Comptes 

Rendus, 177. pp. 109-111, July 9, 1923.)—The appearance of a note in 
French by Armstrong (Comptes Rendus, 176. p. 1892, June 25, 1923) 
has stimulated the authors to present a summary of their views on 
solutions as set out in the ” Revue annuelle de Chimie analytique,” 
published in " Chimie et Industrie *' of May 20. 1923. They adopt the 
familiar view that water is a mixture of hydrol H 2 0 and its polymers, 
but assume that hydrol can exist in two forms. H 2 =0 which is supposed 
to be basic, and H—OH. which is supposed to be acid, whilst the 
polymer H 4 0 2 formed by uniting these is supposed to be neutral. 
The quantity that is commonly called " hydrogen ion concentration *’ 
these authors regard as the concentration of H—OH, whilst “ hydroxyl * 
ion concentration ” is the concentration of H 2 =0. T. M. L. 

340. Aqueous Solutions. Origin of Osmotic Effects. C. Gillet. 
(Comptes Rendus. 177. pp. 257-258. July 23. 1923.)—In response to a 
recent note of Armstrong (Comptes Rendus, 176. p. 1892, June 25, 
1923), the author recapitulates the views that he has advocated since 
1908 (Bull. Soc. Chim. Belg. 23. p. 119, 1909; 26. p. 145. 1912; Revue 
g6n6rale des Matures colorantes. Dec. 1921 to June 1922). He also 
suggests that hydrol can act in an add or basic form. An aqueous solu¬ 
tion is regarded as a liquid compound resulting from the interaction of 
hydrol with other molecules—this compound being stable only when 
its dissociation-constant is less than that of dihydrol. Solutions of equal 
osmotic pressure contain equal numbers of molecules of gaseous hydrol, 
which obeys the laws of gases even when in solution. The author has 
applied these ideas to electrolytes and electrolysis, and also to the 
explanation of phenomena observed in colloidal solutions. T. M. L. 

341. Corrosion Tests on Certain Nickel Alloys. F. Orme. (Faraday 
Soc., Trans. 19. pp. 199-200. July. 1923.)—The results are given of tests 
on the action of dilute solutions of various acids in the cold for 14 days 
on : (1) A so-called " stainless ” nickel alloy containing 64 % Cu. 35 % 
Ni, and 1 % Sn ; (2) a " non-corrodible ” nickel alloy, composed of 60 % 

Cu and 40 % Ni; and (3) the " seconds " quality nickel-silver standard 
for spoon and fork manufacture, containing 14 % Ni, 30 % Zn, and 56 % 

Cu In each of the alloys the amounts of corrosion occurring in the 
different acids used are approximately in the same order. The results 
indicate the maccuracy of the terms stainless and incoirodible. applied 
to alloys (1 and (2). As regards tartaric acid solution, the ordinary 
standard mckel-silver is actually superior to these alloys in its resistance to 
corrosion. In acetic acid solution, the losses are almost identical for 
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the three alloys, and even with hydrochloric and sulphuric acid solutions 
the inferiority of ordinary nickel-silver to the other two alloys is not 
pronounced. Examination of the surface appearances of the metaK 
after immersion in the acid solutions gives little noteworthy information, 
except perhaps in the case of acetic acid; here the alloys (1) and (2) 
appear to have retained their original surface lustre to a distinctly greater 
degree than the nickel-silver. 1'- H. I*. 

342. Mechanism of the So-Called " Dry Corrosion '' of Metals. U. R. 
Evans. (Faraday Soc., Trans. 19. pp. 201-212; Disc., 213-230, July, 
1923.)—Experiments on the behaviour of apparently dry metals, roughened 
with emery, show that no corrosion occurs when they are kept over sulphuric 
acid and only slow superficial corrosion when they arc kept over water. 
The rate of attack is greatly increased by the presence of volatile electro- 
lytes in the air, sulphur dioxide being most dangerous to iron and nickel, 
ammonia to copper and its alloys, and hydrogen chloride to zinc and 
aluminium ; hydrogen sulphide and carbon dioxide somewhat increase 
the rate of rusting of iron, but produce only superficial changes on other 
metals. Contrary to common belief, the corrosion of iron is not caused 
by the presence of ammonia. Corrosion of metals by volatile electrolytes 
appears to require the presence of some moisture, but proceeds in air 
which is distinctly unsaturated. Special phenomena occur at the contact 
of dissimilar metals, apparent electrochemical protection being observed 
in certain cases. The phenomena are explained best if it is considered 
that electrochemical action occurs in the adherent (usually invisible) 
film of moisture. Volatile electrolytes increase the electrical conductivity 
of the film, and thus accelerate corrosion, and where they tend to produce 
hygroscopic corrosion products they induce absorption of further moisture 
and thus increase the thickness of the film. In such cases as zinc in 
hydrogen chloride, copper in ammonia, and nickel in sulphur dioxide, 
the metal, originally dry, soon begins to shed liquid copiously, corrosion 
then becoming very serious. T. H. P. 

343. Elasticity of Organo-Gels of Cellulose Acetate. F>. W. J. Mardles. 
(Faraday Soc., Trans. 19. pp. 118-133; Disc., 134, July. 1923).—The 
determination of the elasticity of a gel is complicated by the persistence 
of deformation and optical anisotropy after removal of the stress, the 
elasticity being perfect only for very small stresses applied for a short 
time. The phenomenon of the strain, variable with time and partly 
reversible, and also the persistence of deformation and optical anisotropy 
have been attributed to the formation of a metastable phase owing to 
the altered orientation of the molecules composing the complexes which 
have aggregated to form the gel structure. 

The relationship between the modulus of elasticity and concentration 
for the organo-gels of cellulose acetate corresponds with no simple formula. 
Over limited ranges at the higher concentrations the expression E = AC” 
is obeyed approximately, the value of n decreasing with fall of temperature. 
The curve connecting log E and the temperature is approximately 
rectilinear over the range of temperature employed. The possible physical 
significance of these relations is discussed. For similar temperatures 
there is a close connection between the elasticity of a gel and the rate 
of its formation, both being functions of the number of particles which 
aggregate to form the gel structure. Addition of substances to the gel 
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affects the modulus mainly in proportion to the change in the number 
of particles which aggregate. The changes with time in the modulus 
of rigidity of the gels associated with the reversible sol to gel transition 
have been studied and the significance of the shape of the curves correcting 
elasticity and time is discussed. During gelation and solation there 
appears to be a marked hysteresis effect; in general, at any particular 
temperature the elasticity of a gel is lower with a fallen temperature than 
when the temperature has risen. T. H. P. 

344. Liesegang Rings. III. Effect of Light and Hydrogen Ion 

Concentration on the Formation of Colloidal Gold in Silicic Acid Gel. 
Rhythmic Bands of Purple of Cassius. E. C. H. Davies. (Am. Chem. 
Soc., J. 45. pp. 2261-2268, Oct., 1923.)—Silicic acid gel was prepared by 
slowly adding 500 c.c. of water glass (d = 1* 16) to a mixture of 600 c.c. 
of 2 -975 N sulphuric acid and 40 c.c. of 1 % gold chloride solution. The 
mixture was filtered before use. The gel was allowed to set in test tubes 
and 5 c.c. of saturated oxalic acid was then added to each tube. No 
bands were found in tubes protected by black paper, but the formation 
of the rings was remarkably affected by light of short wave-length.. It 
was also shown that there is a distinct relation between the hydrogen 
ion concentration and the size of " pockets '* in which the gold is 
formed. The purple of Cassius was obtained in true Liesegang bands. 
(See Abstract 682 (1923).] F. J. B. 

345. The Law of Distribution of Particles in Colloidal Suspensions, 

with Special Reference to Perrin's Investigations. Part II. A. W. Porter 
and J. J. Hedges. (Faraday Soc., Trans. 19. pp. 1-3; Disc., 3-5, 
July, 1923.)—A comparison is made of the results given by a formula 
deduced to evaluate the distribution of particles in a colloidal suspension 
[Abstract 392 (1923)] with measurements made in earlier work by 
Costantin [Abstracts 1634 and 2033 (1914)]. Further measurements 
are made with an emulsion of paraffin in water as representing a case 
where the particles are specifically lighter than the medium. The radius 
of particles of a specially prepared medium was ascertained by measure¬ 
ment to be 2 x 10” 4 cm. The emulsion was examined in regard to its 
distribution with height. As was expected, the change of concentration 
occurs only at the bottom of the containing vessel. There is an increase 
of concentration with height near the base. The experimental deter¬ 
minations of the numerical concentrations at different depths agree with 
a formula of the type previously derived. J. N. P. 

346. Specific Inductive Capacity of Colloidal Solutions. J. Errera. 
(J. de Physique et le Radium. 4. pp. 225-239. July, 1923.)—Further 
study [see Abstract 549 (1923)] is made of the relation between the 
specific inductive capacities of colloidal solutions and of the respective 
solvents. Solutions of the type exemplified by a sol of As 2 S 3 and a 
sulphide of silver, hydrosols of silver prepared by pulverisation in the 
arc according to Bredig’s method, and by a freshly prepared sol of ferric 
hydroxide, have the same specific inductive capacity as the pure solvent. 
The sols of vanadic anhydride are exceptional. A sol containing 3 parts 
per 1000 has a specific inductive capacity of 1280, which value, although 
not a maximum, is about 15 times as high as any other known liquids. 
The specific inductive capacity of such sols is not constant, nor is it 
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independent of the intensity and frequency (when there is no dispersion) 

of the current applied for its measurement. The increase of specific 

inductive capacity (as with the optical anisotropy) is brought about by 

the prismatic form of the V©0 5 particles, which, however, must be 

oriented and free from heterogeneous brownian movement. A. B. C. 1-. 

• 

347. Hardness. C. A. Edwards and C. R. Austin. (Iron and Sleel 
Inst., J. 107. pp. 323-340; Disc.. 341-342, 1923.)—Experiments were 
made, by means of a modified form of the Shore scleroscopc, on the 
hardness of aluminium, tin, copper, brass, cupro-nickel. nickel, mild 
steel, annealed tungsten steel, chrome-nickel steel, quenched carbon steel, 
and air-cooled tungsten steel. The work involved a determination of : 

(1) Heights of fall and heights of rebound. 

(2) Heights of fall and volumes of indents produced. 

(3) The Brinell hardness numbers and the rebounds obtained from 
falls that gave a certain constant volume of indent. 

(4) The Brinell hardness numbers and rebounds obtained from a 
constant height of fall. 

It was found that the relationship between the heights of fall and heights 
of rebound showed a considerable deviation from a straight line for all 
the materials tested, except air-cooled tungsten steel which gave rebounds 
nearly proportional to the fall. The curves of the relationship between 
the height of fall and volume of indent produced show that the amount 
of deformation expressed in terms of the volume of indent is a linear 
function of the energy absorbed. The Brinell numbers for the range 
of metals tested vary as the square root of the rebound obtained when 
a constant amount of deformation is produced. Rebounds were found 
to be very much the same when falls of 26 cm. are used and when the 
Brinell value is greater than 300. The dynamic method therefore fails 
to discriminate between metals which are more than moderately hard. 

F. J. B. 

348. Change of Density of Iron due to Overstrain. J. W. Landon. 
(Iron and Steel Inst., J. 107. pp. 465-461 ; Corres.. 462-463, 1923.)— 
Rods of iron containing carbon 0 058%, sulphur 0 036%, phosphorus 
0* 185%, manganese 0-255 %, and a trace of silicon, were turned down 
from J in. diameter to f in. diameter for a length of 9$ inches. They were 
then twisted in a torsion machine and specimens 2 in. long were cut from 
the rods and the densities determined. It was found that the over¬ 
strained iron had a lower density than the unstrained metal, and that 
the lowering was greater the greater the angle of twist: 

Angle of Twist.... 0 70-5 150 226 262 

Density at 0° .... 7-7149 7-6678 7-6136 7-5802 7-6757 

The results indicate that the maximum decrease of density due to 
overstrain for the material used is nearly 2 %. F. J. B. 

349. Some Experiments on the Hardness and Spontaneous Annealing 
of Lead. A. L. Norbury. (Faraday Soc., Trans. 19. pp. 140-148 ; 
Disc., 148-161, July. 1923.)—The time factor is an important variable 
in Brinell tests on lead, differences of the order of seconds having appre¬ 
ciable effects upon the dimensions of the impressions. The author 
describes an adaptation used for making low-load Brinell impressions 
with a lever tensile testing machine of the Buckton 10-ton type, in which 
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the load could be applied and removed instantaneously. A screw jack 
was employed to raise and to lower the beam very rapidly in this case. 
The paper in question, in addition to containing a description of this 
adaptation, includes a section on Brinell hardness tests on lead using 
different loads maintained for various lengths of time, the results being 
interpreted according to Meyer's formula L = ad", where L = load 
applied (in kg.), d = diameter of impression produced (in mm.) and a 
and n are two constants which depend upon the material under test. 
It is shown that the values of n for the shorter times of loading (viz. 
n — 2-28 to 2-33) are similar to those obtained with annealed iron or 
copper. Meyer in his original paper gives it — 1-91, and the author 
explains this low value as being due to the " time factor." 

A third section of the present paper considers the elfect upon the 
hardness of cold hammering, and indicates that (1) lead is hardened by 
cold work, and within certain limits the greater the amount of cold 
work the greater the hardening ; ( 2 ) lead is spontaneously annealed at 
room temperature (16° to 18° C.); and (3) the rate of annealing increases 
with the amount of deformation. This introduces the interesting result 
that lead which has been severely hammered shows no increase in hard¬ 
ness. In this case the severe deformation has caused such a rapid 
annealing that the lead is dead soft in about 20 seconds after hammering. 
Reference is made to the work of T. Kirke-Rose. who demonstrated the 
fact that lead is hardened by cold-rolling and that it anneals itself 
spontaneously at 10° and 13° C. Certain controversial results are also 
mentioned. In the discussion. A. S. E. Akermann mentions the fact 
that considerable agreement appeared to exist between the laws for 
clay and those for metals. He referred to the method of testing by 
dropping a loaded ball on to the surface of the metal to be tested, 
employed by C. A. Edwards and others, which led to the relation 
d = CE*, where d = diam. of the indentation (in mm.), C = a constant, 
and E = energy of the blow in lb.-ins. For clay the speaker found the 
relation to be d » CE*. the units being metrical in this case. A. W. J. 

350. Heat and Acid-Resisting Alloys (Ni-Cr-Fe). J. F. Kayser. 
(Faraday Soc.. Trans. 19. pp. 184-195. July. 1923.)—All the nickel- 
chromium alloys in commercial use contain between 10 and 50 per cent, 
of chromium, greater proportions of the latter increasing the viscosity 
to such an extent as to make casting almost impossible. For furnace 
parts, case-hardening boxes, etc., 25-35 per cent. Cr is common, and 
for resistance wire 10-15 per cent. The hardness increases with the 
proportion of chromium, but before it reaches a value suitable for cutting 
tools the brittleness becomes excessive. To reduce cost the chromium 
is now introduced as ferro-chromium, the properties of the alloys being 
then indicated roughly by zones on an equilateral triangle showing the 
percentages of nickel, chromium and iron. All the alloys containing not 
less than 10 per cent. Cr, together with not more than 28-30 per cent. 
Fe are equally resistant towards oxidation, and the permissible propor¬ 
tion of iron depends on the magnitude of the stress to be withstood. 
Other elements also are frequently present in considerable amounts, 
these including carbon, silicon, aluminium, manganese, and copper, 
hor material to be drawn into wire or forged, a low carbon-content, say 
oeiow 0-3 per cent., is necessary; the softness and ductility increase 
as the proportion of carbon diminishes. Two per cent, of silicon affects 
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the physical properties of nickel-cliromium alloys but little, but p«-r 
cent, produces intense brittleness and hardness and lowers the resistance 
towards sulphur dioxide. 

Nickel and aluminium form an intermctallic compound Ni.Al charac¬ 
terised by a high heat of formation and a melting-point above 1700°. 
which is about 300° above that of either constituent. Aluminium has 
a remarkable hardening influence on nickel and on nickel-chromium 
alloys. Some of the commercial alloys contain copper in considerable- 
proportions, but this is of no advantage. Compositions of a number of 
the commercial alloys are given, and the physical properties discussed. 

The corrodibility of the alloys considered varies with the composition, 
but if the silicon does not exceed 2 per cent., and the combined carbon, 
silicon, and manganese 4 per cent., the properties of these resistant alloys 
are closely similar. Such alloys resist perfectly the corrosive action of 
the atmosphere in presence of either hard or soft or sea water, no heat- 
treatment or surface-polishing being necessary. Stainless steel, on the 
other hand, must be correctly heat-treated and free from surface scale 
or pit marks, such defects always leading to corrosion. A table is given 
showing the effect of a few common chemical reagents on these alloys 
and on stainless steel. The alloys are readily soluble in aqua regia or 
hydrochloric or sulphuric acid, but are not soluble in nitric acid. The 
most remarkable property of these alloys is their resistance, at any 
temperature below their melting-points, towards the scaling action of 
furnace gases of cither a reducing or an oxidising nature. The intro¬ 
duction into the gases of either hydrogen sulphide or sulphur dioxide is. 
however, fatal to even the best nickel-chromium alloy, a scale with very 
high sulphur content being then formed. T. H. P. 

351. Resistance to Corrosion of Stainless Steel and Iron. J. H. G. 
Monypenny. (Faraday Soc., Trans. 19. pp. 169-183, July. 1923.)— 
An account is given of the effect of variations in the composition and 
heat treatment on the resistance to corrosion of stainless steel. There is 
little doubt that heterogeneity in a metal tends to increase corrosion 
owing to galvanic effects, this being particularly evident in the case of 
# steels ; the carbide present is electronegative to the iron and, other 
things being equal, steel will corrode faster than pure iron. With any 
given steel, the greatest resistance to corrosion is obtained after quench¬ 
ing so as to give a homogeneous martensite, the least resistant form being 
obtained when the steel is annealed in such a manner as to produce 
complete separation of carbide and ferrite. The separation of carbide 
not only tends to decrease the resistance to corrosion owing to galvanic 
phenomena, but, a£ the separating carbide contains much chromium, it 
lowers the concentration of the chromium in solution in the iron and 
thus increases the solubility. The greatest resistance will be obtained 
by quenching from a temperature sufficiently high to dissolve all the 
carbide in the steel. In practice, however, it is found that a tempe¬ 
rature of 900-960° gives, with normal steel, a ground mass practically 
insoluble in water and certain other media, and that higher temperatures 
produce no marked improvement but involve increased risk of cracking 
during hardening. The sudden and pronounced fall in hardness occur¬ 
ring on tempering between 600 ° and 600 ° is accompanied by lessened 
- resistance to corrosion, and the material may stain, although only 
slowly, with vinegar. 
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As regards annealing, if steel be cooled slowly from a temperature 
sufficiently high to give complete homogeneity, the structure will con¬ 
sist of pearlite, either alone or with ferrite or free carbide depending 
on the carbon content. If, however, the annealing temperature is within 
the range giving some free, undissolved carbide, the resulting structure 
is granular ; in this condition it is much softer and somewhat less 
resistant to corrosion than when hardened and fully tempered. In the 
latter state, a normal stainless steel is usually quite unattacked by the 
alcoholic picric acid used for etching, whereas the same steel may be 
slowly etched when annealed. When severely distorted, stainless steel 
rusts comparatively readily; thus, the polished material is more 
resistant than a roughly machined surface, owing to the absence in the 
former case of the distorted skin produced by the machining. 

As regards the composition, resistance to corrosion is increased by 
diminishing the carbon content and by increasing the chromium content. 
Owing to considerations of cost, the percentage of chromium is usually 
11-14, and such steels with less than about 0-4 per cent, of carbon are 
stainless to vinegar when suitably hardened. The presence of about 
1 per cent, of silicon or 2 per cent, of nickel has little effect on the 
corrodibility. Nickel, however, lowers appreciably the critical ranges of 
the steel and markedly augments the capacity for air hardening, much 
larger proportions of nickel render the steels austenitic and far more 
highly resistant to attack by mineral acids. The scale produced by heat¬ 
ing stainless steel to high temperature would cause local corrosion and 
must, therefore, be removed by machining or suitable pickling, sand¬ 
blasting being apparently ineffective. Hardened and tempered stainless 
steel is unaffected by tap water, sea water, river water, well water, or 
ammonia, alkalis, or alkaline carbonates in all concentrations ; aqueous 
salt solutions have little or no effect. Commercial vinegars (unless adul¬ 
terated with mineral acid) and fruit juices do not attack stainless steel, 
although pure acetic and citric acid solutions of corresponding strength, 
owing to the absence of the protecting emulsoids, exert a distinct 
corrosive action. Hydrochloric, sulphuric, and sulphurous acids attack 
these steels rapidly ; very dilute nitric acid acts slowly, but the con¬ 
centrated acid practically not at all. Corrosion by atmospheric agencies % 
or by superheated steam is very slow, and lubricating oils, greases, 
benzol, paraffin, petrol, etc., appear to be without action. Stainless 
steel resists scaling at temperatures up to about 825°, but at higher 
temperatures it scales with increasing rapidity. T. H. P. 


352. Constitution of Iron Carbon Silicon Alloys. K. Honda and 
T. Murakami. (Iron and Steel Inst., J. 107. pp. 545-583, 1923.)—A 

fnd dy 9^°o/ t Q C C n nSfa V Uti T ? f aHoyS of iron «P to 6 % C 

and 25 /o Si. One hundred and twenty alloys in this region of the 

! e ^ a 7i J nan f le wer * made U P and submitted to thermal, magnetic, 
and dilatometnc analysis, and in addition a microscopic examination 
-s ^ • °J- ^ aftCr different heat-treatments. Results.—Two 
? eX , he system ' cementite, which only occurs if the silicon 

".. 1S es ^ an 5-6 %, and a double carbide probably consisting of 
a ? d f lr ° n Sllicide - ™ s carbide is non-magnetic and easily 
•,i CS ° graphite. The solubilities of both carbides decrease 
J ^ SdlCOn - The A l and A 3 Points are raised, but their 
agmtudes decreased with increase of silicon. The A 2 point, on the 
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other hand, is lowered and. above a certain silicon content, occurs below 
the Aj point. J. L. H. 

353. Potential Energy of Cold-Worked Steel. T. F. Russell. (Iron 
and Steel Inst., J. 107. pp. 497-511 ; Corres.. 612-515. 1923.) — The paper 
Is largely theoretical and does not lend itself to abstract form. 

F. J. B. 

354. Invar and Related Nickel Steels. (Bureau of Standards. Lire. 
No. 68. [93 pp.]. Washington. 1923.)—This circular is mainly a compilation 
of data obtained during the last 30 years by various investigators, on the 
different properties of nickel steels. Particular attention is given to 
" invar." The results of investigations made on the various physical 
properties of nickel steels or pure nickel-iron alloys arc presented largely 
in diagrammatic and tabular form. 

The nature of the anomalies in behaviour met with in these steels 
and characterised by their irreversible and reversible phenomena is 
discussed in the light of the results obtained on their various physical 
properties. In particular, the anomalous behaviour in the thermal 
expansivity of different nickel-iron alloys at various temperatures is 
illustrated by a number of diagrams, and the rule of corresponding states 
formulated by Guillaume has been applied in interpreting some of the 
results. The theories advanced as an explanation for this anomalons 
behaviour are dealt with briefly. The anomalies in the elastic modulus 
of nickel steels, of practical importance in the horological industry, and 
also the constancy in dimensions of invar are discussed. Attention is 
directed to " Elinvar." a recently introduced nickel steel containing 
37 per cent, nickel and 12 per cent, chromium, or its equivalent, and 
possessing an invariable modulus of elasticity over a large temperature 
range as well as a low thermal expansivity. The circular is well illustrated 
with microphotographs of selected nickel steels, and graphs showing 
the different physical properties of the nickel steels. The mechanical 
properties of iron-nickel alloys are also dealt with, and reference is made 
to the work of Hadfield. Dumas, Guillaume, Guillet. Giessen, St. Etienne, 
and others. A special section describes the application of these nickel 
steels and alloys. The sources of supply for various nickel steels, more 
particularly in America and Switzerland are enumerated, and a useful 
" selected " bibliography upon the subject is given at the end. The whole 
paper represents a fairly complete survey of the subject in question. 

A. W. J. 

355. The Production of Single Metallic Crystals and some of their Pro¬ 
perties. H. C. H. Carpenter. (Iron and Steel Inst., J. 107. pp. 175-202 ; 
Disc., 203-211, 1923. Engineer. 135. pp. 551-552. May 25, 1923. Abstract.) 
—This paper contains an account of investigations made by the author 
and Miss Elam in connection with single metallic crystal production. 
It was shown about 2 years ago that very large single crystals of aluminium 
could be regularly produced by special methods, and most of the results 
given refer to this metal, although a brief reference is given to mild steel, 
silver, and copper crystal production. The principles of crystal growth 
which have been established are enumerated, and their bearing upon the 
present results are discussed. The production of single crystals in alu¬ 
minium sheet, in the form of a test-piece 4x1x0-125 in., is described. 
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After machining and subsequent heating there were about 150 crystals 
to the linear inch. By two thermal and one mechanical treatments the ■ 
parallel portion of the test-piece was converted into a single crystal. 
Particulars are given of the temperature and time of heating before 
stressing, in this process, together with those relating to the stress and 
elongation caused. For the " 150 to the inch ” crystal condition tensile 
tests on specimens gave an ultimate stress of 4-5 to 4-7 tons. sq. in., 
with 36 to 38 per cent, extension on 3 in. The values obtained in tests 
upon single crystal specimens varied from 2-80 to 4 08 tons sq. in., the 
extension varying from 34 to 86 per cent, on 3 in. Five types of mechanical 
stretching and fracture were noted. Photographic reproductions are 
included of the crystallised test-pieces, one set of 10. showing the diminish¬ 
ing size of crystals with increase of strain, in the production treatment. 
Various types of fracture of single crystal test-pieces, in the parallel 
portions are also illustrated. The results of stress tests of test-pieces 
consisting of two crystals, are described and illustrated, and it is shown 
that each test-piece behaves according to one of the five types previously 
mentioned, provided that the whole test-piece at the point of fracture 
consists of a single crystal. The production of single crystals in round 
bars of aluminium of 1 inch diameter, subsequently machined to diameters 
of 0-564 and 0-798 was also successfully accomplished ; some interesting 
tensile test results are described in the case of these bars. The questions 
as to why abnormally large crystals form on heating after a small deforma¬ 
tion, and gradually decrease in size as deformation increases, and why 
after a particular degree of deformation it is possible to form a single 
crystal from an aggregate of several millions, are dealt with from the 
theoretical and experimental viewpoints, reference being made to X-ray 
analyses. A. W. J. 

356. The Lattice Structure. Directions of Sliding . and Sliding Planes 
of White Tin. H. Mark and M. Poldnyi. (Zeits. f. Physik, 18. 2. 
pp. 75-96, 1923.)—The authors have previously studied the stretching 
of single crystal wires of zinc [Abstract 991 (1923)]; and in the present 
paper have extended the investigation to similar wires of tin. E. v. 
Gomperz has shown that single crystal wires can be obtained direct by 
drawing out of the melt [Abstract 1030 (1922)]; and O. Haase showed 
that the temperature of the pure melted tin should be kept between 
240° and 250°, and the velocity between 0-1 and 0-05 cm. per sec.; 
the formation of ductile wires is facilitated by using a ductile crystal to 
draw them out of the melt. The general type of phenomena, when such 
tin crystals are stretched, is very similar to that obtained with zinc 
crystal wires. Wires of approximately cylindrical section stretch into a 
flat band, which shows typical sliding ellipsis, as in the case of zinc ; 
some very interesting photographs are included in the paper, which 
show that the ellipses are not quite as regular as those of zinc ; in some 
cases the bending round of the sliding surfaces into the direction of the 
stretching force can be seen. The lattice of tin was determined from 
the rotation diagrams, by means of the layer line relations ; a = 5-84 A. ; 
c = 3-15 A.; the elementary body is space centred, and contains 4 
atoms ; a figure shows their relations to one another ; the crystals are 
ditetragonal-bipyramidal, space group Djj; the sliding directions 
observed are [100], [101], and [111] (only when warm); [100] is the 
most frequent; this is the direction in which the zinc atoms are closest 
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together; on the other hand the [111J direction, which comes next in 
this respect (4-44 A.), is observed less often than [lolj, where the dis¬ 
tance between the atoms is 6-68 A.; the sliding planes were observed 
to be (110) and (100), the first being more frequent. H. N. A. 


357. The Effect of Drawing on the Crystal Structure of Tungsten Wires. 
L. P. Sieg. (Iowa Acad. Sci., Proc. 28. pp. 95-97, 1921.)—The author 
finds that the coefficient of simple rigidity for a series of tungsten wires 
drawn down to different diameters from the same stock varies consider¬ 
ably. Sections of the wires were polished and etched with hot hydrogen 
dioxide and microphotographs obtained at a magnification of 100 dia¬ 
meters. It is claimed that they show a different crystal structure near 
the surface as compared with the interior, which accounts for the 
progressive changes in the elastic constants. S. L. S. 


358. Crystal Growth in Cadmium. M.Cook. (Faraday Soc., Trans. 19. 

pp. 43-48; Disc., 48-51. July. 1923.)—The growth of crystals of cadmium 
when the metal is heated for long periods was studied. Cadmium, con¬ 
taining 0-07% lead, and 0 08 % iron, was cast into rods and cooled 
slowly. Sections of the cast metal were examined, and showed small 
crystal grains. The metal was then annealed for 450 hours. 900 hours, 
and 1350 hours at 295° C. In this way very large crystals were obtained, 
showing that cast metal is able to show crystal growth without having 
been subjected to cold working. p J B 

359. Source and Influence of Impurities in 80:20 Cupro-Nickel. 

B, f* e y* ( D cpt- of Defence. Munitions Supply Board, (50 pp.] 

• °oAm5 22,A com P Iete survey of the source and influence of impurities 
in 80/20 cupro-nickel was made. The copper and nickel used in the 
preparation of the alloy contained only small amounts of impurities, a 
charge of 55 lbs. copper. 14 lbs. nickel, and 56 lbs. heavy scrap were 
melted in a Salamander crucible and cast. If new metal was employed 
the charge consisted of 100 lbs. copper. 25 lbs. nickel and 3 to 4 ozs. of 
cupro-manganese The alloys were carefully analysed, and the effect of 
continuous remelting on the composition was determined, the melting 
b0tl ! new and 0,d cruc ibles. The impurities increased 
with the number of remelts. The alteration of the physical properties 
due to presence of impurities and to the remelting was investigated. 
The strip rolled from the cast metal can be annealed, if duration of 
annealing is regulated. At high temperatures the safety range is very 
arrow and at 1000° C. deterioration is practically instantaneous. The 
flfrSn? 11 ,S a , functlon of carbon content, temperature of annealing, 
duration of annealing, and probably the presence of impurities. Absence 
of msinganere coincides with very rapid deterioration. Curves are given 
showing the changes in composition due to remelting, etc., and tables 

the results of impurities and heat-treatment on the physical 
properties. F J B. 

360. E.M.F. of Cells, Chemical Affinity, and Molecular A ttraction. N. V. 
Karpen. (Comptes Rendus. 177. pp. 449-451, Aug. 20, 1923.)—The 
author points out that the Nernst equation and the Helmholtz equation 

e.m.f. are contradictory. He introduces a term in the former depending 
upon molecular attraction and reaches an expression which- is more in 
accordance with the formula of Helmholtz. W R C 
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361 .Electric Potential of Antimony-Lead Alloys. S. D. Muzaffar. 
(Faraday Soc., Trans. 19. pp. 56-58 ; Disc.. 58-59, July, 1923).—Measure¬ 
ments of the electric potential of the antimony-lead alloys, made by means 
of a quadrant electrometer against a calomel electrode in N-potassium 
hydroxide, N-lead nitrate, and acid potassium antimony tartrate solutions 
reveal an identity of potential up to 98 per cent, of antimony with that 
of lead. Hence these alloys form no chemical compound and no solid 
solution. T. H. P. 

362. Tungsten Wire for Hydrogen-Ion Determinations. J. R. Baylis. 

(Indust, and Engin. Chem. 15. pp. 852-853. Aug., 1923.)—In order to 
indicate changes in hydrogen-ion concentration caused by chemicals 
used to purify the water supply of Baltimore, the tungsten wire of a 
40-watt lamp is employed in conjunction with a calomel electrode. Over 
a range of values of Ph from 6-5 to 8-6 (determined colorimetrically) 
uniform results are obtained, the voltage increasing 0 09 volt for unit 
increase in value of Ph. The advantage of this method lies in the 
elimination of the use of hydrogen gas. and the author invites inves¬ 
tigation of its possibilities under other conditions. B. W. C. 

363. The Quinliydrone Electrode as a Comparison Electrode. S. Veibel. 

(Qjgm. Soc., J. 123. pp. 2203-2207, Sept., 1923.)—The work of BOlmann 
on qfrmhydrone electrodes [see Abstract 2349 (1922)], is extended with 
the object of producing a comparison electrode which will rapidly acquire 
its potential and preserve this for a considerable period. Experiments 
with solutions of weak organic acids, as used by Biilmann, show that 
the electrode may be prepared with great accuracy and rapidly attains 
its full potential value, but this is only preserved for a few hours. 
With 0-01N-hydrochloric acid + 0*09N-potassium chloride as electro¬ 
lyte, measuring the potential directly against a hydrogen electrode, 
excellently reproducible results are obtained, and the durability is satis¬ 
factory for 48 hours. During this period the value of the potential is 
0-7040 ± 0 0002 volt. In order to compare the values of the potential 
determined by a quinhydrone electrode with those of a 0-lN-calomel 
electrode, 0*2485 volt must be subtracted. Measurements made with a 
0*lN-calomel electrode show that only by using fine-grained calomel 
can an electrode be obtained whose reproducibility is of the same order 
as the BOlmann quinhydrone electrode prepared as above. Even with 
3 • 6N-calomel, the reproducibility does not surpass that of the Btllmann 
electrode. B. W. C. 

364. Electrolytic Preparation of Ortho-Amidophenol and Ortho-Nitro- 
phenol. O. W. Brown and J. C. Warner. (J. Phys. Chem. 27. 
pp. 455-465, May, 1923.)—At low current densities (1 to 2 amps, per 
sq. dcm.) the authors find that copper, zinc, zinc amalgam, and nickel are 
the most efficient as kathode materials in the reduction of ortho-nitro- 
phenol to ortho-amidophenol. Lead gives the highest yields with a 
current density of 4 to 10 amps per sq. dcm. Amalgamation of a 
kathode decreases the efficiency. [See also Abstract 1703 (1923).] 

W. R- C. 

Erratum. Abstract 172 (1924), line 1 . For Q. Majorana read 
S. Magrini. 
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365. Acceleration of Gravity at the Melbourne Observatory. E. F. J. 

Love. (Roy. Soc. Victoria. Proc. 36. 1. p. 21. 1923.)—This is a con¬ 
tinuation of previous work. The value of g for Melbourne Observatory, 
when reduced to sea level, is 979-996. On applying Bougucrs correction 
this becomes 979-993 cm. per sec. W. R. C. 

366. Precise Length Measurements. J. E. Sears. Jr. (Roy. Soc. Arts. 

J. 71. pp. 776-791. Oct. 5; 793-818. Oct. 12. and pp. 819-841. Oct. 19. 
1923. Cantor Lectures.)—The author describes in outline the methods 
used for the maintenance of the fundamental standards of length, 
the yard and the metre, and their mutual comparison. He describes the 
principles underlying the use of wave-lengths as absolute units, and the 
manner in which the legal standards are determined in terms of wave¬ 
lengths. The methods used for comparison of sub-standards arc described 
in some detail as well as the precautions which have to be taken in order 
to eliminate different classes of errors. The methods which have been 
used to overcome the difficulties encountered in length measurements 
to 10 © inch are described in simple language. In particular, the method 
adopted at the National Physical Laboratory for preparing gauges of 
the Johansson type is given in some detail. The different apparatus 
used for the checking of screw gauges, including the projection appa¬ 
ratus. are described and illustrated. The whole paper forms a useful 
summary of the theory and practice of length measurements to the 
highest accuracy attainable to-day. j. \y. T. \V. 

367. A New Ocular Micrometer. H. Kellner. (Optical Soc. of 

America. J. and Rev. Sci. Inst. 7. pp. 889-891. Oct.. 1923.)—A new 
combination, presenting the advantages but not the defects of both the 
micrometer screw and the glass scale. A glass scale is adjusted by a 
sliding wedge and readings then taken to three places of decimals. Used 
by the Bausch & Lomb Optical Co. A. D. 

368. 1 he Ultramicrometer used as a Differential Micromanometer. R. 
Whiddington and A. Hare. (Phil. Mag. 46. pp. 607-608. Oct.. 1923.)— 
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An arrangement of the ultramicrometer [Abstract 1350 (1920)] is described 
by which it was found easily possible to observe pressure changes of 
only 7 x 10- 6 mm. of mercury at ordinary atmospheric pressures. The 
apparatus when fitted to any moving instrument performs the function 
of an amplifier of very great power. It is only intended for observing 
changes of length and will generally function not as an absolute but 
only as a differential manometer. J. J. S. 

369. Apparatus for the Measurement of Specific Gravity of Gases in Small 

Quantities. A. Blackie. (Fuel Research Board. Sci. and Indust. 
Research Dept., Techn. Paper, No. 6. [6 pp.] 1922.)—A column of the 
gas under investigation is balanced against an equal column of air, the 
difference of pressure being measured by means of a Chattock tilting 
gauge. The two columns are contained in long thin copper tubes which 
are encased together with another long thin copper tube, forming the 
bulb of an air thermometer, in an outer copper water jacket to be used 
for temperature control. Perforated copper drums are attached to the 
free ends of the gas and air tubes, thus preventing any irregularities in 
the effective height of the columns of gas owing to diffusion, and reducing 
to a negligible quantity the effect of movement of gas in the tubes during 
the manipulation of the gauge. In the region of 0 • 4 to 0 • 6 specific gravity 
results are obtained which are correct within ± 0*6%. For two separate 
measurements, including the cleaning of the tubes in each case, 1J litres 
of gas are necessary. A. B. C. L. 

370. Specific Gravity of Absolute Ethyl Alcohol at 20°. C. N. Riiber. 

(Zeits. Elektrochcm. 29. pp. 334-338, July 1, 1923.)—The specific gravity 
of absolute ethyl alcohol saturated with air is found to be : rfj° =» 0-789334 
± 0-000003. The value for the air-free alcohol is higher than this by 
about 0-000075. T. H. P. 

371. Density of Charcoal by Displacement of Liquids. J. B. Firth. 

(Faraday Soc., Trans. 19. pp. 444-447 ; Disc., 447-449. Nov., 1923.)— 
The apparent densities of cocoanut-shell charcoal and sugar charcoal 
have been determined by the displacement method in water, alcohol, 
benzene, and chloroform. The apparent density of the charcoal increases 
with the time of contact between liquid and charcoal, about fifty days 
being required for the value to become constant. The rate of change of 
density and the difference in the observed densities in the various liquids 
are largely determined by the sorption attraction between the charcoal 
and the liquid and. to a less degree, by capillary forces. A. A. D. 

372. Simple Densitometer for Accurate Work. G. R. Harrison. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 7. pp. 999-1002, Nov., 
1923.)—A detailed description of a radiomicrometer. Briefly, the body 
of the instrument consists of a one-inch brass tube 40 cm. long soldered 
to a flat base, which is mounted on a wood sub-base with levelling screws. 
A torsion head is provided at the top and two windows are cut in opposite 
sides of the tube near its base. The coil is mounted on a small glass 
staff which holds a mirror 1 cm. diameter and a hook at the top ; and to 
the bottom of the coil is soldered a fine wire thermojunction. The 
suspension is by quartz fibre. The permanent magnet is not built into 
the body of the instrument, as it was found more convenient to move 
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it about. Careful screening from air currents was necessary, and a soft 
iron screen was used to procure steadiness and overcome the effect of 
the magnetic material in the coil. The optical system used was similar 
to those employed in the Koch microphotometer. The operation of the 
instrument is described, and the author concludes by saying that a very 
satisfactory densitometer can be constructed by using the radiomicrometcr 
as a measuring instrument. [See Abstract 2088 (1909).] T. C. H. 


373. The Chain Balance. F. Petrie (Journ. Sci. Instruments, 1. 

p. 29, Oct., 1923.)—In order to reduce the labour of weighing a large 
number of approximately equal ancient weights, a chain balance was 
used to determine the odd grains, the nearest hundred being taken by 
weights in the pan. A long flexible chain is hung by one end to the pan, 
and by the other to a pointer sliding on a vertical scale. Another advantage 
found is that by manipulation of the pointer, vibration can be quickly 
damped. W. G. B. 

374. A Direct-Beading Balance. R. Fortrat. (J. de Physique et 
le Radium, 4. pp. 268-271, Aug., 1923.)—A description is given of a new 
form of balance which enables the density either of a solid or a liquid 
to be determined by a single reading. The principle of this direct- 
reading balance depends upon a scale beam having unequal arms ; each 
arm, instead of being horizontal as in the usual case, is inclined to the 
horizontal. Further, the extremities of the two arms are situated below 
the horizontal through the fulcrum. Calling the lengths of the arms / 
and ly. and their inclinations to the horizontal a and p. respectively, 
then, if P and p be the balancing weights in this equilibrium position, 

PI cos a — pl x cos p ; the sensibility is given by where 8 = - — ? P m 

do l cos a 

da l cos 2 a 

dh 

beam arms. 


58 ’ 

The value of -rx =» a , where tj> is the included angle between the 


l\ sin <f>‘ 


The sensitivity is therefore a maximum when </> is nearly equal to n. 


It is infinity when <j> =tt ^except when a =* 

The sensitivity is a maximum when the density is such that a = 0. 

In practice the shorter arm with its adjustable weight carries a 
pointer, moving over a scale, the angular readings of which enable the 
weights of a body in air and in a liquid of known density to be measured. 
The paper includes an account of typical results obtained with the 
balance. ^ . A. W. J. 

375. Weight-Mass Ratios: New Gravitational Experiments. C. F. 
Brush. (Am. Phil. Soc.. Proc. 62. 3. pp. 75-89, 1923.)—Following the 
pendulum experiments of a previous paper [see Abstract 449 (1922)], the 
author has now constructed pendulums with bobs of lead, alloy, bismuth, 
the bobs being of the same shape, size, and weight (the latter equality 
attained by drilling holes). The lead bob was found faster than the alloy 
by 1 in 160,000, and faster than bismuth by 1 in 170,000. The difference 
between the alloy and bismuth was too small for certain detection. An 
entirely different method was also tried, the falls of equal containers with 
contents consisting of different metals being timed. Here lead was the 
VOL. xxvii.— a.—1924. * 



132 


SCIENCE ABSTRACTS. 


fastest in falling, then bismuth, zinc. tin. and aluminium. EdtvdS, how¬ 
ever. found the weight-mass ratios of brass, glass, antimony, and cork 
to differ by less than 1 in 20,000.000. E. H. B. 

376. Measuring the Internal Diameter of Transparent Tubes. J. S. 

Anderson and G. Barr. (Journ. Sci. Instruments. 1. pp. 9-16, Oct., 
1923.)—Two methods: (1) Immersing the tube in a suitable liquid and 
varying the wave-length of the illuminating beam until equality of 
refractive index is attained so that, the system"being now homogeneous, 
the diameter can be measured directly; (2) taking an X-ray shadow 
photograph of the tube and measuring the image formed. Between the 
two methods accurate measurements can be effected no matter what 
the outside shape of the tube may be. A. D. 

377. Extensometer Amplifier. S. R. Williams. (Optical Soc. of 

America, J. and Rev. Sci. Inst. 7. pp. 1011-1013, Nov., 1923.)—A device 
for multiplying the effect of any linear displacement. A square brass 
rod is the mechanical lever whose fulcrum is a fine steel cambric needle 
passing through the rod and resting in a slot on a fixed support. There 
is a slot in the rod in which rests a knife edge forming part of a stirrup 
which is attached to whatever it is desired to measure the change in 
length. The outer end of the lever has a fine vertical hole bored through 
it, so that the mechanical advantage of the lever is six. A strip of fine 
phosphor-bronze ribbon is dropped through the hole and passes round 
a reduced section of a brass roller running in agate bearings, a small 
weight being attached to the lower end of the strip to keep it taut. A 
concave mirror is fastened to the roller, and as the hole moves up and 
down due to the movement of the slot in the rod this mirror is tipped 
and the deflection may be read off from the spot of light reflected from it. 
The method of calibrating is described. T. C. H. 

378. Elasticity of Metals. W. Geiss. (Zeits. f. Mctallkunde, 16. 
pp. 297-302, Nov., 1923.)—The relationship between the load and 
extension and elasticity of a metal is investigated. Hooke's law is 
extended and the elastic deformation of a metal is divided into a pure 
elastic deformation, and a deformation caused by after effect. The pure 
clastic deformation rigorously follows the law of proportionality, and is 
a characteristic constant of the material. It is independent of both 
the assumption and the previous treatment. The theory is supported 
experimentally by the fact that metal crystals free from after effect do 
not show deviation from Hooke's law. [See Abstract 8 (1907).] F. J. B. 

379. Volume Changes of Five Gases under High Pressures. P. W. 

Bridgman. (Nat. Acad. Sci.. Proc. 9. pp. 370-372, Nov., 1923.)—The 
observed changes of volume, in c.c. per mol., for the gases H 2 . He, N 2 , NH S , 
and A, for pressures from 3000-16.000 kg./sq. cm. In the case of the 
first three, the molar volume at 3000 kg./sq. cm. is known, and so these 
results extend our knowledge of the molar volume to 16,000 kg./sq. cm. 
It is found that the diatomic gases retain their compressibility at high 
pressures, and this suggests that the complex molecule itself is under¬ 
going compression. yf m b. 

380. A Piezo-Electric Method for the Measurement of High Pressures. 
J. C. Karcher. (Bureau of Standards, Sci. Papers No.' 446. pp. 267-264. 
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1922. Frank. Inst., J. 194. pp. 815-810, Dec.. 1922. Abstract.)—For 
the instantaneous measurement of high pressures the piczo-clcctric 
qualities of quartz are utilised. The amount of charge tilwratcd from 
a perfect crystal is given by P. Curie as 6*32 x 10“ 8 e.s.u. per dyne, 
or approximately 10 -11 coulomb per pound for small loads. Quartz 
plates were subjected to pressures up to 50.000 lbs. per square inch in a 
testing machine, and the relationship between charge and pressure was 
found to be linear over the full range of pressures used. The gauge was 
made by using a stack of quartz plates with thin metal electrodes between 
adjacent plates. The increased area thus obtained gives more charge. 
Unlike tourmaline, quartz yields no charge when exposed uniformly to 
hydrostatic pressure, so that the stack of plates must be inserted in a 
gas-tight housing, and the pressures must be applied in the direction 
of the axis of the stack by means of a piston plunger, one end of which 
is in contact with the stack while the other is exposed to the gas pressures 
to be measured. W. R. C. 

381. Motion of Oil Drops in Carbon Dioxide, Oxygen, and Helium at 
Low Pressures. J. M. Eglin. (Phvs. Rev. 22. pp. 161-170, Aug., 1923.) 
—The coefficient of viscosity of carl>on dioxide determined by the oil- 
drop method is found to be 1 -478 x 10— 4 at 23° C. and 760 mm. pressure. 
This agrees with values found by the constant deflection method. The 
motion of oil droplets in carbon dioxide, oxygen, and helium has been 
observed at pressures of 1-9. 2-0. and 10 mm. respectively, and at values 
of l/a (ratio of mean free path to oil-drop radius) of 76, 130, and 71 
respectively. The empirical correction factor to Stokes' law suggested 

by Knudsen and by Millikan, viz. = ^1 -f (a + Bz was 

found to hold for all. The results arc finally compared with the 
. equations given by Lenard and Langevin for large ions, and it is shown 
that the oil droplets obey the same laws. A. A. D. 

382. Wetting of Solid Surfaces. H. Devaux. (J. dc Physique et le 
Radium, 4. pp. 293-309, Sept., 1923.)—A body dipped in water emerges 

(а) covered with a continuous film of water, which persists (perfect wetting) ; 

(б) without adhering water (no wetting) ; (c) with a continuous film which 
soon breaks either spontaneously or by slight local heating and draws 
aside leaving the surface bare (poor wetting). Attentive study of the 
persistence of such a film thus gives valuable information as to the wetting 
of solid surfaces by liquids. Clean surfaces, i.e. surfaces for which the 
wetting is good, are simply obtained by passage through a flame. By 
suitable devices even films of tri-palmitine can be formed on the surface of 
a sheet of glass. By forming thinner and thinner layers it is shown that 
the wetting of a glass surface is completely prevented by the presence of 
a continuous layer of tri-palmitine of only mono-molecular thickness. 
In other words, wetting depends on actual contact between the molecules 
of the water and the surface. The capacity for being wetted is thus a 
property localised in the extreme surface layer of the molecules of a body. 
Further experiments show that materially to spoil wetting it is not even 
necessary that the layer of tri-palmitine should be continuous, one-fifth 
of the surface density necessary for continuity being adequate. Similar 
results are found when olive oil is substituted for tri-palmitine. Here the 
reverse process shows itself, i.e. a mono-molecular layer of moisture is 
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sufficient to prevent the oil from ” taking ” on the surface, which must 
be dried by heating. Once the oil has “ taken.” a discontinuous layer 
with only one-third of the surface density of a continuous mono-molecular 
layer is adequate materially to spoil wetting by the water, and wetting 
is completely prevented by a continuous mono-molecular layer. 

G. A. S. 


383. Capillary Phenomena at the Surface of Separation of Water and 
Vaseline Oil in Presence of Fatty Acids and Alkalis. R. Dubrisay and 
P. Picard. (Comptes Rendus, 177. pp. 589-591, Oct. 1. 1923.)—Alkali 
carbonates diminish the interfacial tension between vaseline oil and 
water, but to a far less extent than alkali hydroxides, and the effect of 
bicarbonates is still less. Probably because they decrease the solubility 
of soap and thus favour its condensation on the surface layer, neutral 
salts decrease the interfacial tension between mixtures of vaseline oil 
with oleic acid and dilute soap solution. T. H. P. 


384. Relation between Young's Modulus and Atomic Volume. A. 
Portevin. (Comptes Rendus. 177. pp. 634-636. Oct. 8. 1923.)—The 

equation, E = • where E is Young’s modulus, 8 the density, 

and M the atomic mass, recently given by Peczalski [Abstract 1016 (1923)]. 
is identical with that derived by Fessenden (Chem. News, 66. p. 206, 

1892), namely, E = 78 .V being the atomic volume, i.e. The 

latter was obeyed well for metals with moduli known at that time, but 
it gives low values in the case of refractory metals with high moduli, 
such as rhodium, tantalum, and tungsten. Better concordance is obtained 

by means of empirical equations of the form E = k . where T is the 

absolute melting-point, a has a value of about 1 and b a value of about 2. 
A number of other relations have been derived between the clastic 
coefficients, notably the modulus of compressibility or its inverse with 
various physical magnitudes, such as the surface tension, the coefficient 
of cubical expansion, and the specific heat. All such are, however, 
connected with the formulas given above. 

From the values given by Adams and Williamson [see Abstract 1341 
(1923)] for the compressibilities of various minerals, the author calculates 
the corresponding values of Young's modulus. The results thus obtained 
agree satisfactorily with available experimental data. T. H. P. 


385. Levels and Level Bubbles. S. G. Starling. (Optical Soc., Trans. 
24. 6. pp. 261-286 ; Disc., 286-288. 1922-1923.)—As a preliminary, deter¬ 
minations of the surface tension and viscosity of benzol, xylol, chloroform, 
and a range of petroleum ethers were made, and the results are given. 
Iho length of a bubble at various temperatures is mainly determined by 
the expansion of the liquid. Results of observations of the dependence 
are given, but no reliable formula was found to fit them. The damping 
of bubble swings was investigated by tilting the level and letting go. 
The ratio of first to second displacement was the criterion of damping 
** ed - f ° und * by observing at various temperatures, that the longer 

the bubble, the less the damping. It is possible to make a short bubble 
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“ dead-beat,” but such a bubble is not suitable for use, as it wanders 
too freely. It was also found that the damping varies enormously with 
tube diameter, for short bubbles, but little for long ones ; in all cases 
considered there is a marked minimum in the neighbourhood of 1-4 cm. 
diameter. As a result of calibration experiments, irregularities of the 
order of 0-0001 cm. in the tube wall are detected. A method of obtaining 
the calibration curve photographically in a short time is described. 

W. G. B. 

386. Measurement of Air Speed in Aeroplanes. C. J. Stewart. 
(Joum. Sci. Instruments, 1. pp. 43-60. Nov., 1923.)—A brief review of 
the conditions to be satisfied by air-speed indicators for use on aeroplanes 
is given. The important speeds from the point of view of the pilot and 
the safety of his machine include the landing, maximum efficiency, 
maximum horizontal and maximum descending speeds, all of which are 
directly comparable for any given atmospheric density, although the 
speeds so indicated are not the true speeds. The author reviews the 
principal types of air-speed indicators, including the impact, pressure 
head, and the rotating surface types, with special reference to the second 
class. The Pitot, Venturi, and Pitot-Venturi pressure-head indicators 
are described more fully, and reference is made to the work which has 
been carried out in France and Germany in connection with double- 
Venturi instruments; the Bruhn indicator, on this principle, gives a 
differential pressure about 13-6 times that due to a simple Pitot tube. 
The valuable work undertaken by the United States with the object of 
developing a reliable Venturi-head is also emphasised, and a short 
account is given of satisfactory design which has been evolved. Expressing 
the sensitivity as the head of water necessary to produce a full-scale 
deflection of the indicator pointer, and assuming a speed of 120 m.p.h., 
the sensitivities of the Pitot type (British). Pitot-Venturi, and double- 
Venturi types are given as 7. 48. and 85 inches of water respectively. 
The paper concludes with a short account of the corrections to be applied 
to indicated air speed due to change of density, and a correction formula 
is given. A. W. J. 

387. Glass-to-Metal Joint. C. H. Meyers. (Am. Chem. Soc., J. 
46. pp. 2135-2136, Sept., 1923.)—The author describes the procedure to 
give a satisfactory soldered joint (using tin or a solder of low melting- 
point) between- glass and metal without platinising the glass. Both glass 
and metal must be very clean. The glass is cleaned with chromic acid 
rinsed with distilled water and dried. The metal part is coated with tin 
or solder and the surface of the molten tin cleaned with zinc chloride. 
The metal part is allowed to cool, is washed thoroughly with distilled 
water, and, if necessary, is scrubbed with absorbent cotton free from grease 
or dirt, and dried. The two parts are then held together above a flame 
and as soon as the tin melts, the glass is inserted into the metal without 
the addition of any flnx. One such joint, about 6 mm. diameter, has 
withstood a pressure of from 60 to 70 atmospheres for three years. 

- • • T. H; 

. 388. The Meaning of Physical Axioms. A. Miiller. (Phys. Zeits. 

24. pp. 444-450; Disc., 450, Oct. 16. 1923. Paper read before the 
Deut. Physikertag., Bonn, Sept., 1923.)—The author defines axioms 
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as unproved fundamental propositions and discusses their significance. 
He sums up as follows : The physicist, whether he works experimentally 
or theoretically, stands in face of a ^lature quite independent of him, 
which he can question in manifold ways as to its structure, and which 
finally compels him to shape his axioms in this way or that. J. J. S. 

389. Fitting Probability and other Curves to Graphs of Observation. 
A. P. Trotter. (Journ. Sci. Instruments. I. pp. 60-61. Nov., 1923.)— 
A description of two jointed frames, an ordinate frame, and an abscissa 
frame, with a diagram showing a pair of these frames skewed and super¬ 
imposed to fit a probability curve. [See Abstract 196 (1920).) T. C. H. 

390. Troublesome Systematic Error. F. H. Seares. (Roy. AStron. 
Soc., M.N. 84. pp. 15-20. Nov., 1923.)—The systematic effect discussed 
by Eddington and (Miss) Douglas [see Abstract 1089 (192^)) originates 
in the combined influence of accidental error of observation and unequal 
probability in the true values of the quantity measure. If € is the error 
of M', the observed absolute magnitude, two equations are derived for c : 
(1) where M follows the Gaussian frequency law, 7 =- M — M' = — /M', 

where / * c^/a 2 = r 2 /R-, in which c 0 is the ordinary mean error of 
observation, a the standard deviation of M', and r and R the-probable 
error and probable deviation respectively ; and (2) without restriction 
to Gaussian frequency laws, 7 - M - M' - ^(M^/F^M'). From this 
last equation it appears that c depends on the slope of the frequency 
curve within the interval covered by the observations which are combined 
into a mean—the flatter the curve the smaller the error; and if the 
slope is reversed the error changes sign. The bearing of this on the 
accuracy of the progression of log T. where T is the tangential velocity, 
is discussed, for if giants and dwarfs are considered separately, more 
serious errors creep in than if the stars are all considered together. 

A. S. D. M. 


391. Errors of Observation. R. A. Fisher. (Cambridge Phil. Soc.. 
Proc. 21. pp. 655-658, Nov., 1923.)—The author points out in this note 
that some of Burnside’s conclusions (Abstract 2066 (1923)1 had been 
anticipated by •• Student ’’ in 1908 under the title ’’ The Probable Error 
of a Mean (Biometrika. 6. pp. 1-26). ’’Student’s ” work, he states, 
is so fundamental theoretically, and bears so directly on the practical 
conclusions to be drawn from small samples, that it deserves to be far 
more wdriy known than it is at present. Attention is also called to 
Student s ( B.ometrjka. 11. pp. 414-417. 1917) ’’ Tables for estimating 
the probability that the mean of a unique sample of observations lies 
between -°o and any given distance of the mean of the population 
from which the sample is drawn.’’ Fuller tables are in course of pro¬ 
s'student *»nrt S R B .^““ce between the integral tabulated by 
Student and Burns.de s result is due to the latter’s assumption of an 

J" 0 ? r. f L ? f ° r * he P recision constant, while the former gives 
the actual distribution in random samples. G W de T. 

ij’ 2 ; M eth °d of Least Squares and Curve Fitting. H. S..Uhler. 
IQ9?? TK°' of * menc *- J- and Rev. Sci. Inst. 7. pp. 1043-1066, Nov., 
^xxv.“-a r .-1924? ttent,0n *° S ° me ° f P rinci P le in the 
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usual treatment of the applications of leas^ squares in determining the 
constants of assumed laws for curves. Usually there arc possible errors 
in both the related quantities, but as commonly given the method allows 
for errors in one only. In drawing a curve, we attempt to make it lie 
as evenly among the points as possible, i.e. to make the sum of the 
squares of normal distances as small as possible, but the common treat¬ 
ment makes the sum of the squares of the vertical distances a minimum. 
The problem of finding the constants X and Y so that the line Xx + Y y = 1 
may make the sum of the squares of the weighted errors in x and y a 
minimum is completely solved, but for details the paper must be con¬ 
sulted. * W. G. B. 

39*. An Improved Actinograph. A. W. Clay den. (Roy. Meteorolog. 
Soc., J. 49. pp. 231-234; Disc., 234-235, Oct., 1923.)—An instrument 
constructed by the author some years ago consisted of two bimetallic 
coils mounted about a horizontal axis. Of these coils one was blackened 
and exposed to the sun, while the other was bright and shaded by a cover ; 
a pen arm was arranged to give a record of the temperature difference 
between the coils. The new instrument is somewhat larger, and its 
axis is set parallel to that of the earth to minimise variations in the angle 
of incidence. Generally the records show a rise in the morning and 
descent to the neutral line towards evening. Accurate measurements of 
solar radiation arc not obtained, but the instrument serves to give a record 

of changes in cloud amount and sunshine. A. W. L. * 

394. On Soaring Flight. N«V. Karpen. (Comptcs Rendus, 177. 
pp. 679-681, Oct. 15, 1923.)—Criticises G. Nordmann’s recent suggestion 
that a bird can take advantage of the variations of horizontal wind velocity 
by receiving the relative wind now in front and now behind. Passing over 
the difficulty of flying backwards, the change of direction of relative motion 
would reduce this below the critical speed. It is shown that the bird 
may draw energy from the variations of horizontal wind speed, if it directs 
the relative velocity opposite to the acceleration of the wind, when the 
rate at which it can take energy from the wind is shown to be W (va)/g. 

W being its weight, v the relative velocity, and a the wind acceleration. 

W. G. B. 

395. Measurement of True Height by Aneroid. L.N.G. Filon. (Journ. 

Sci. Instruments, 1. pp. 1-8, Oct., 1923.)—The ordinary aneroid records 
the height as calculated on the assumption of an atmosphere at a uniform 
temperature of 10° C. Assuming that the temperature gradient in the 
atmosphere is sensibly constant and expressed by a = — dO/dh, at height 
h the temperature 0 = — ah, where a has the value 1°- 65 C. per 1000 ft. 

up to 10,000 ft., or 1°-98C. per 1000 ft. up to 30,000 ft., the ground 
temperature in the latter case being taken 5° above its actual value. 
The paper describes two types of dial which give a correct reading of 
" lapse-rate ” (a) height with considerable accuracy. A setting scale 
of temperature is marked on the dial, and at the start the dial is 
rotated until the scale mark corresponding to the ground temperature 
comes to the pointer. The latter then reads also the standard height of 
the starting point for the given day. A subsequent reading being taken 
at a higher level, subtraction of the first reading gives the true height. 
Two dials are described in which these ideas are embodied. In the 
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second type, a double dial is used which does the subtraction mechani¬ 
cally. A third design involves neither approximate setting nor mental 
subtraction. * G. E. A. 

396. A Method of Measuring the Velocity of a Current of Air. 

Huguenard. (Comptes Rendus, 177. pp. 744-746. Oct. 22. 1923.)— 
The method consists in photographing the sound-wave of one electric 
spark by the light of another produced soon after. The amount by which 
the centre of the wave is displaced is thus found, and consequently the 
velocity of the air-current can be calculated. W. G. B. 

397. Modified McLeod Gauge. D. L. Hay. (Optical Soc. of America, 

J. and Rev. Sci. Inst. 7. p. 1015, Nov., 1923.)—The rubber connections 
used in the ordinary form of McLeod gauge lead to contamination of the 
mercury and consequent sticking of the mercury in the capillary. In 
the arrangement described here, all the connections are in glass and thus 
the difficulty referred to is eliminated. A. A. D. 

398. A Self-Exhausting Mercury-Vapour Lamp. H. P. Waran. 

(Journ. Sci. Instruments. 1. pp. 54-56, Nov., 1923.)—Describes a mercury- 
vapour lamp embodying the vacuum regenerative device previously 
described by the author. [See Abstract 1710 (1923).] G. A. S. 

399. Motion of a Falling Chronograph Projectile. L. Thompson. (Nat. 

Acad. Sci.. Proc. 9. pp. 329-334, Sept., 1923.)—An optical chronograph 
in which neither the high-velocity projectile nor that of the chronograph, 
the latter carrying the photographic surface upon which the record is 
made, strikes a material object during the experiment. In order that the 
change in velocity in a short section of the trajectory shall be significant 
for the determination of the air-resistance, it is necessary to make correction 
for small disturbing factors, such as the effects resulting from the influence 
of the holding magnet upon the early stages of the motion of the chrono¬ 
graph projectile, the acceleration increasing from an initial value of zero 
to the final value g during the breaking of the magnet circuit; and the 
resistance of the air in slightly retarding the falling projectile. The 
author gives a method for determining the magnet effect, and a table 
containing numerical values for ranges characteristic of chronographs 
as generally used. Examples are shown in the paper of the type of record 
obtained with the optical apparatus. T. C. H. 

400. Theory of thermal Stress in a Long Hollow Cylinder. T. 
Matsumura. (Kyoto Coll. Eng.. Mem. 3. pp. 61-80. June, 1923. In 
English.)—Solves the problem of the stress in a long tube due to radial 
variation of temperature, taking into account the changes of modulus of 
elasticity and coefficient of expansion with temperature. Mathematical. 

W. G. B. 

401. Mechanical Determination of the Relative Rate of Two Pendulums. 
A. Guillet. (Comptes Rendus. 177. pp. 813-816, Oct. 29. 1923.)—The 
difficulty in this connection is the finding of a motor which can receive 
a movement of uniform rotation. In a rate comparator ' constructed 

^ . according to the author's, plans, a movement of rotation is furnished by 
a chronometric motor, which has been described in the Comptes Rendus, 
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177. p. 741, 1923, and it is found easy to advance or retard the play of 
one of the contacts, since it is sufficient to turn a corresponding disc in 
the opposite or in the same sense as the system of toothed wheels. The 
manner of operation is simple and the author describes three methods, 
one of which requires two observers, and the others only one observer. 

A. S. D. M. 

402. Hydraulically Testing Gas Cylinders. C. Guidl. (Accad. Sci. 

Torino. Atti, 58. 4-5. pp. 79-88. 1922-1923.)—The mathematics of the 
subject. Practical measurements. A. D. 

403. Influence of Shearing Force on the Deformation of Bent Prisms. 

O. Seslnl. (Accad. Sci. Torino. Atti. 58. 9. pp. 201-210, 1922-1923.)— 
Part of the displacements in a prismatic elastic solid of isotropic material 
subjected to bending are due to shearing forces. In practical treatises 
on the science of structures these are calculated by means of approximate 
formulae which lead to results differing considerably from those arrived 
at by more rigorous calculations, such as those of Saint-Venant, given in 
treatises on the theory of elasticity. At first sight the first mentioned 
methods would appear to give a very low degree of approximation, but 
the author discusses various cases of deflection which occur in practice, 
and gives different methods of calculation, showing that when real condi¬ 
tions arc taken into account the methods used in technical mechanics 
are much more worthy of attention than might be supposed. In cases 
for which the details of calculation are given the results differ but little 
from those attained by rigorous investigation. J. J. S. 

404. The Principle of Minimum Energy and the Motion of Fluids. 

W. Hovgaard. (Nat. Acad. Sci., Proc. 9. pp. 363-369, Nov., 1923.)— 
It is shown that for any fluid motion, if the condition of minimum kinetic 
energy is fulfilled, (1) it must be regulated by a velocity potential, and 
consequently be irrotational, (2) the fluid must be perfect. (3) the equation 
of continuity must be satisfied, and (4) the boundary conditions must be 
satisfied. By retracing the steps of the proof, it is seen that in an incom¬ 
pressible, perfect fluid, subject to no chemical or thermal changes, filling 
completely the space between impenetrable but movable boundaries, all 
the conditions for minimum energy are satisfied. W. G. B. 

405. The Entrainment of Air by a Jet of Gas. J. S. G. Thomas and 
E. V. Evans. (Phil. Mag. 46. pp. 785-801. Nov., 1923.)—Continues 
previous work [Abstract 258 (1923)] by considering the dependence of 
the entrainment of air upon the densities of the issuing gas and the air. 
Similar apparatus is used, and the various portions are jacketed so as to 
be able to vary the temperatures of the gases and the air. Air, CO z , H z , 
and coal gas were used in the jets. For air issuing into air of the same 
density, the volume.V, of air (reduced to N.T.P.) entrained per unit volume 
(measured under experimental conditions of temperature and pressure) of 
issuing gas, is proportional to the density of the issuing gas. With a 
denser gas in the jet, the " aeration ” is less than given by this rule: 

with a lighter gas, more._Theoretical reasoning leads to the formula 

V = a{pi + fl[p 2 — pi) a and fl being constants (probably 

instrumental), p x the density of the gas in the jet, p 2 that of the air. This 

VOL. XXVII.—a.—1924. 



140 


SCIENCE ABSTRACTS. 


is in good agreement with the experiments when p»>pi. but when pz<pi 
the empirical formula V = a{p\ — (0-65pjp2 + 0-38)} is a better fit. 

W. G. B. 


406. Analytical Representation of Discontinuous Quantities. L. 

Laboccetta. (N. Cimento. 25. pp. 231-256, May-June, 1923.)—Entirely 
mathematical. A. Wh. 

407. Angle as a Fourth Fundamental Dimensional Quantity. A. 
Bartorelli. (N. Cimento, 25. pp. 257-266, May-June, 1923.)— 
Generally we can write a dimensional equation [U] = [L] a [M]* [T]> or, 
in the other units, [Ujl = [Lj]* [Mj]^ [T|]>. Then always [UJ/[CJj] 
= [LJ- [M]* [T]>/[L,]* [M,> [T,]y = [L/L,]- [M/M]* [T/TJ,*. Now con¬ 
sidering angular velocity, this is defined as angle/time. Thus if we change 
the units of angle from A to A| keeping the unit of time constant, the 
unit of angular velocity alters also from W to Wj. But the dimensions 
of angular velocity are [T]- 1 and this fact necessitates the relation [Wj/W] 
= [T/TJ- 1 = 1 and hence [W] = [Wj], contrary to our supposition. To 
avoid this difficulty, the author introduces angle [A] as an independent 
fundamental derived quantity writing generally [U] = [L] a [MJ* [TJv [A] 5 
and proposes the use of the c.g.s.r. (centimetre, gramme, second, radian) 
system of units. It is pointed out that the length of a circular arc has 
not the dimensions of a simple length, but is given by [L] =» [L][A]. 
Angular velocity is [W] = [A][T] -1 . Hence angular acceleration will be 
[</>]- [A][T)-2. Velocity in the arc of a circle is [V] = [L][W] and also 
-[L][T] - Thus the tangential acceleration [J] -[V][T] - 1 - [L][A][T” 2 J 
and hence [<f>] ■■ [L][$. Other quantities are derived and considered. 

A. Wh. 

408. Applicability of Ehrenfest’s Principle. E. Fermi. (N. Cimento, 

25. pp. 271-285, May-June, 1923.)—By considering the surfaces of equal 
energy in a space of 2/ dimensions, the coordinates representing at any 
instant the / position and / velocity components, the author discusses 
the applicability of Ehrenfcst's adiabatic principle to mechanical systems 
of which the sole characteristic " is shown to be the energy. In a 
mathematical discussion it is shown that in such systems the value of 
the energy at the end of an adiabatic transformation does not entirely 
depend on the intermediate mechanism of the transformation. Also 
in general it is not possible to apply Ehrenfest’s principle to systems with 
more than one " characteristic.’* A. Wh. 

409. The Resistance Experienced by a Fluid in Turbulent Motion. 

J. M. Burgers. (K. Akad. Amsterdam. Proc. 26. 7-8. pp. 582-604, 
1923.)—An attempt to find an upper limit to the resistance of a fluid in 
turbulent motion. An idealised model of turbulence is considered, the 
turbulence being represented by a distribution of elliptic vortices. Two 
laws of distribution are examined in detail, and in one of them the resis¬ 
tance comes out proportional to the square of the velocity, but much 
greater than has been found experimentally. The other leads to a resis¬ 
tance coefficient proportional to R“*. R being Reynolds’ number, and 
gives values below the experimental ones. The paper is mainly mathe¬ 
matical. W. G. B. 
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410. Students' Measurements. F. Palmer, Jr. (Optical Soc. of 

America, J. and Rev. Sci. Inst. 7. pp. 873-887, Oct., 1923.)—Simplified 
methods for ready approximate measurements of the number of molecules 
in a cub. cm. of a gas and the mass of an atom, the ratio e/m, and the 
electronic charge e. A. D. 

411. X-Rays and Crystal Symmetry. T. V. Barker. (Nature, 112. 

pp. 502-505, Oct. 6, 1923.)—The study of a surface of a crystal leads to 
the assumption of a definite symmetry. When all known determinants 
have been considered, the symmetry of the crystal subject to them is of 
the lowest order which can be deduced from any combination of them. 
Hence if any determinants be ignored, a symmetry will result higher than 
that which would be adopted by a more comprehensive analysis. An 
important case arises from X-ray analysis when the symmetry is regarded 
as atomic. Undoubtedly the true symmetry is rather molecular, and on 
these lines may be explained the difference between symmetries indicated 
by X-ray analysis and the study of crystal surfaces. An attempt to 
bridge the gap by appealing to valencies involving more than one electron 
is defeated by the case of sal-ammoniac, and no satisfactory explanation 
of this can be offered. A. Wh. 

412. Determination of Structure by Means of X-Rays. M. Pol&nyl. 

(Phys. Zcits. 24. pp. 407-415, Oct. 1, 1923. Paper read before the Dcut. 
Physikertag., Sept., 1923.)—Contains a condensed account of the relations 
involved, with special reference to the layer line method of X-ray analysis, 
as employed by the author and others. H. N. A. 

413. The Structure of Crystals of NaBr0 3 and NaClO$. L. Vegard. 

(Zeits. f. Physik, 18. 6. pp. 379-381, 1923.)—Replies to the criticism of 
Kolkmeijer, Bijvoet and Karssen [Abstract 1754 (1923)) on the author’s 
results for these salts (Abstract 1039 (1923)). Taking into account the 
coincidence of the a-reflection of the 200, 311, and 421 planes with the 
^-reflection of the 210, 321, and 431 planes, the author finds that the cor¬ 
rected intensities agree better with his calculated intensities than before, 
for the 311 and 421 lines, and that only for the 200 line is the effect of 
correction in the unfavourable direction, so that he still considers that 
there is good agreement between the observed and calculated'distribution 
of intensity. He maintains his criticism with respect to the first line 
110 ; comparing the intensity with that obtained in the case of Pb(N0 3 ) 2 
and Ba(N0 8 ) 2 . He calls attention to the fact that in his comparison of 
intensities he has included lines up to E* 2 =41, while Messrs. K. B. 
and K. have only calculated up to 2 \h 2 = 26. His model shows a simple 
atomic grouping, which satisfies the volume conditions well; and he seems 
to claim that the experience he has gained, in using his apparatus with 
simpler crystals, has given a possibility of obtaining accuracy in judging 
more complicated structures. H. N. A. 

414. Crystal Interference in Spectrally Analysed Rdntgen Light and its 
Application to the Determination of the Crystal Lattice. R. Schachenmeier. 
(Zeits. f. Physik, 19. 2. pp. 94-111, 1923.)—rn this paper a detailed 
description is given of an experimental arrangement for producing a 
•new species of Rontgen-ray interference in crystals. Following this comes 
an exposition of the theory of such interference and an extension of the 
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results obtained to the determination of the crystal lattice. Further 
applications are tentatively discussed for the evaluation of atomic distance 
and the angle in the crystal lattice, while extension to fluorescence wave¬ 
lengths and absorption limits of an atom are foreshadowed. The paper 
is a combination of mathematical and experimental detail. H. H. Ho. 

415. The Quantum Integral and Diffraction by a Crystal. A. H. 
Compton. (Nat. Acad. Sci. Proc. 9. pp. 359-362, Nov., 1923.)—Duane 
has shown [Abstract 2430 (1923)] that if the momentum of a crystal 
grating perpendicular to the crystal face be nh/a, where n is an integer, 
h is Planck's constant and a is the distance between successive atomic 
layers, and if the momentum of the incident radiation quantum be hv/c, 
then Bragg’s diffraction formula nX = 2a sin 0 is a necessary consequence. 
The author shows that the general statement of the quantum postulate, 
fpdq = nh + rj, leads directly to the result that the momentum of the 
crystal changes by integral multiples of h/a, as Duane assumes. A. D. 

416. The Spectroscopic Investigation of Atomic Structure. F. Paschen. 

(Phys. Zcits. 24. pp. 401-407, Oct. 1. 1923. Paper read before the Deut. 
Physilccrtag., Bonn, Sept., 1923.)—A clear general account of the present 
position and recent work with respect to the application of quantum 
relations to spectroscopic investigations. The fundamental ideas of 
quantum energy levels and their relation to spectral terms and the com¬ 
bination principle of Ritz arc discussed and the general ideas due to 
Bohr, with the fine structure theory due to Sommcrfeld, are briefly sum¬ 
marised, accounts being given of the origin of various lines corresponding 
to different values of both quantum numbers. The effects of electric and 
magnetic fields on the emission spectra of the elements are discussed 
together with the recent work of Land6 in extending the laws of doublets 
to quartets, sextets, etc. The fundamental opposition to classical 
mechanics and electrodynamics is noted and the importance of Bohr's 
suggestions emphasised. W. V. M. 

417. The Relation between the Spectra and the Sizes of the Alkali Metal 
Atoms. L. A. Turner. (Astrophys. J. 58. pp. 176-194, Oct., 1923.) 
—A theory is developed which gives the relation between the energies 
and quantum numbers of orbits of the valency electrons in atoms differing 
in size but geometrically similar. It is shown that the wave numbers 
for some of the outer orbits of the four alkali metal atoms Na, K, Rb, Cs 
are in fair agreement with the assumption that the structure beneath 
the valency electron, or kernel, is geometrically similar but different in 
size for the four atoms. The relative sizes of these kernels obtained by 
this method agree with results obtained by other methods in the case of 
various orbits, such as the circular ones connected with the 3d and 4b 
terms, ‘with azimuthal quantum numbers 3 and 4 respectively and radial 
quantum numbers 0. The quantum numbers for these p, d, and b terms 
as given by Bohr in his new theory give the best agreement with this 
theory of geometrical similarity. 

An expression is obtained for the maximum radius of a valency elec¬ 
tron in terms of wave number, azimuthal quantum number, strength Of 
the field of the kernel at the outermost point of the orbit, and known 
constants. For circular orbits, such as the 3d - and 45-orbits the field- 
strengths and radii are calculated. These results combined with the 
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size ratios of the kernels give curves for the variation of the field-strength 
as a function of the radius, for the four atoms. Fues has shown that the 
spectrum of Na can be accounted for by assuming that the electron 
orbits are in a central field of force which varies with distance from the 
centre in approximately the same way as the field about a central nucleus 
of charge +qe surrounded by eight electrons at the corners of a cube, 
varies along a radius perpendicular to a cube face. An assumption of 
geometrical similarity of the field about the kernel is a fair approximation 
for K, Rb, and Cs, but not for Na. The radii of the normal atoms are 
calculated, and it is concluded these atoms must be present in the space 
lattice of the metals as positive ions, the electrons fitting into the structure 
between the ions. The results show that kernel is much smaller for any 
alkaline-earth metal atom than for the corresponding alkali metal atom. 

W. V. M. 

418. Electrical Moments of Atoms and Molecules. R. D. Kleeman. 
(Frank. Inst., J. 106. pp. 479-493, Oct.. 1923.)—From latent heat 
considerations are developed expressions giving the effective electrical 
moments of atoms and molecules. The process involves extrapolation of 
the latent heat expression used to the absolute zero, and the assumptions 
made are that molecules behave as definite doublets in their interactions 
and that the moments of these doublets are independent of the density 
of the substance throughout its changes of state. The final result is 
reached that the moment of an atom is proportional to N 2 / 3 where N is 
the atomic number and of a molecule to £N 2 / 3 . In the case of hydrogen, 
the effective distance between the charges appears to be of the order of 
l/26th of the radius given by Bohr for the radius of the orbit of the rotating 
electron. It is suggested that this is due to the central positive charge 
lying out of the plane of rotation of the electron. An elliptic orbit might 
also account for this effect. The Clausius-Mossotti expression for the 
dielectric constant is then combined with these values an information 
obtained as to the effect of temperature on the alinement of the doublets 
in an electric field. Hence it is shown that the internal specific heat 
per gramme-molecule, C, is related to the atomic numbers. N, and 
atomic masses, a. according to a relation log C ® £N 2 / 3 » £*1/2. A. Wh. 

. 419. The Radii of the Alkali and Halogen Ions and of the Atoms of Inert 

Ga*rs. W. P. Davey. (Phys. Rev. 22. pp. 211-220, Sept., 1923.)— 
This paper deals first with the packing radii of the alkali and halogen ions 
in crystal lattices, previous work (see Abstract 1032 (1923)) being also 
summarised for convenience. An analysis of recent results for the distances 
of closest approach of the ions in the lattices of all the alkali halides 
indicates ( 1 ) that these ions pack as though they were nearly spherical 
in shape ; (2) that the heavier ions have packing radii which arc nearly 
constant, i.e. independent of the ions with which they are combined ; 
and (3) that the radii of K+. Rb+. and Cs+ are approximately equal 
to those of the negative ions with the same number of electrons. Cl”, 
Br-, and I”, respectively, the approximation being closer the greater 
the atomic number. Assuming the radii of Cs+ and I- to be equal, 
and that the first two conclusions above hold rigidly, the radii of the ions 
are computed to be as follows, in units of 10” 8 cm.: for Cs+ and I”, 
1-974; Rb+, 1-679; Br-, 1-737 ; K+. 1-648; Cl", 1-589 ; Na+, 
1-1 to 1-2; FI”, 1-0 to 1-2. These values are in general agreement 
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with the average of the ionic radii computed by Landd (from crystal data), 
Richards (from compressibility), and Saha (from ionisation potentials), 
but differ considerably from Bragg's results from X-ray data. The 
above conclusions are shown to be in qualitative agreement with the 
Lewis-Langmuir theory. The packing radii of the inert gases are next 
dealt with. These have been computed from X-ray data on the assumption 
that for each gas the radius is the mean of those for the alkali and halogen 
ions with the same number of electrons : Xe, 1 • 97 ; Kr, 1-71 ; Ar, 1-57 ; 
Nc, 1-15. These are only from 0-0 to 0-27 units higher than the values 
obtained by Rankine from viscosity measurements. Assuming these 
radii, the atomic volume per electron comes out approximately constant 
for Xe, Kr, and Ne, though somewhat low for Ar. H. H. Ho. 

420. The Quantitative Relation Between the Intermittent Alterations of 
Atoms and the Harmonic Components of their Mass Changes. K. Fehrle. 
(Zcits. f. Physik, 19. 2. pp. 128-135. 1923.)—In a previous paper [see 
Abstract 2445 (1923)] the author showed that the intermittent alteration 
of atoms at the end of the periodic system of chemical elements and its 
explanation in an increasing displacement in the potential series proceeding 
from two points up to the end of the periodic system. The present paper 
examines this problem more rigidly, and establishes the connection between 
the change of mass and the displacement. It is mathematical throughout. 

H. H. Ho. 

421. The Quantum Theory of the Hydrogen Molecule. L. Nordhelm. 

(Zeits. f. Physik, 19. 2. pp. 69-93, 1923.)—Previous work on the hydrogen 
molecule is first discussed, including that of Franck and his co-workers 
on electronic impact [see Abstract 1387 (1923)]. The author now in¬ 
vestigates certain adiabatic proposals of Born (Naturw. 10. 677, 1922), 
but concludes that no satisfactory model of the hydrogen molecule can 
be derived on adiabatic grounds. He uses for this purpose the disturbance 
method of Born and Pauli, together with certain hypotheses on degenerated 
systems by Born and Heisenberg. The following conception is asserted to 
be possible : The atoms when greatly removed from each other take up 
a certain configuration worked out in the paper, whereby attraction 
prevails ; on approach, the type of motion changes irreversibly into an 
orbit type in which the union of the nuclei is much firmer than previously. 
In consequence the nuclei are unable to separate completely again, but 
form a molecule with regulated nuclear oscillations whose total energy 
is certainly not less than that of the sum of the separate systems, though 
dynamically stable. The energy of the nucleus oscillation can be altered 
later through impact or radiation. H. H. Ho. 

422. An Application of the Adiabatic Hypothesis to the Ortho Helium 
Model. O. Halpera. (Zeits. f. Physik, 18. 6. pp. 344-361, 1923.)—The 
problem of the helium model is of great interest because of its being the 
simplest atom after hydrogen, and also because of the existence of two 
spectral series, ortho and para, which afford no mutual combinations. 
Land6 has ascribed a coplanar electronic system to the ortho-helium 
spectrum and one with crossed plane orbits to the parhelium, the normal 
state of helium being the latter. Tandy's work has been extended by 
Bohr, Kramers, and van Vleck [see Abstract 1761 (1923)], by means of the 
adiabatic hypothesis. .The Bohr view based on Kramer’s calculations 
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for parhelium limited the validity of mechanics in systems with several 
electrons to cases of adiabatic construction. Adopting this standpoint 
there is found to be a complete absence of agreement between the observed 
and calculated spectral terms of ortho helium. This lack of accord has 
now been established by the present author as due to the fact that the 
adiabatic treatment cannot be applied to coplanar electronic systems. 

H. H. Ho. 

423. Possible Mechanics of the Hydrogen Atom. W. M. H. Greaves. 
(Cambridge Phil. Soc., Proc. 21. pp. 600-609. Nov.. 1923.)—The author 
considers the possiblity of explaining the existence of a discrete series 
of stable orbits in the hydrogen atom on the assumption that the electron 
moves according to the laws of classical dynamics, under the influence 
of certain radial and transverse forces. With the help of a few simplifying 
hypotheses forces are found which would in fact account for the effects 
required by the Bohr theory. Their expressions are rather complicated 
and the author emphasises the fact that his object is simply to show 
the conclusions which must follow if classical dynamics is retained, so 
that material may be available for deciding whether or not this retention 
is plausible. M. H. A. N. 


424. Partitioning of Space into Enantiomorphous Polyhedra. W. 
Barlow. (Phil. Mag. 46. pp. 930-956. Nov., 1923. Zeits. f. Kristallo- 
graphie, 58. pp. 605-628.)—In 1914 the author indicated the possibility 
of a partitioning of space into space-filling, similar, polyhedral cells, each 
having 13 plane faces; and in the present paper he gives full details as 
to the methods employed, illustrated by models and diagrams, with 
full geometrical details. The cells arc enantiomorphous polyhedra, the 
two enantiomorphous kinds of cell being equally numerous, and similarly 
distributed. One face of each cell is a regular hexagon, which is common 
to two enantioraorphously related cells, the centre of this face being a 
centre of symmetry. Each angular point of a hexagonal interface is 
common to four cells. A " mat " is constructed, showing the faces of 
a cell, as they would be related if. while remaining attached at single 
edges, they were hinged and spread out in the same plane ; there are 
three kinds of interfaces, a hexagonal, a quadrilateral, and a five-sided. 
By means of the ** mat” cardboard models can be constructed of the 
cells, the two kinds being obtained by folding the cardboard in opposite 
directions. The models can be built together, so as to fill up the whole 
of the space, the two kinds of cell being mirror images of one another. 
The author has called attention to the applicability of the space-parti¬ 
tioning in question to the case of a crystal of potassium chloride, the 
symmetry of which is regarded as hemihedral cubic. The artificial system 
presents, however, if the allotment to the same kind of atom is uniform 
throughout, a lower class of symmetry than that assigned to the crystal, 
viz. tetartohedry not hemihedry. This discrepancy may be attributed 
to intimate twinning, which is capable of closely mimicking the higher 
class of symmetry. The foregoing is a particular case of an infinite scries 
of partitionings, each of which is based on some regular point-system, 
the points of which form pairs, the two individual points of a pair lying 
within the same cubic cell of a half system of cubic cells, throughout 
which the cubes are in contact at edges only, and being found on the 
same trigonal axis, equidistant from the cell centre. H. N. A. 
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425. Gravitation and Inertia. F. Riedinger. (Zeits. f. Physik’, 
19. 1. pp. 43-46, 1923.)—A discussion of the question how we may reconcile 
the known fact (Richarz and Krigar-Menzel) that in an isolated chamber 
(a Spandau casemate) two weights at the same level may be adjusted so 
as to balance one another, but will fail to do so if the one of them be lowered 
by two metres, with Einstein’s conception of the impossibility of deter¬ 
mining whether there is a gravitation field or an accelerated motion. . 

A. D. 

426. The Generalised Relativistic Quantum Conditions. O. W. 
Richardson. (Phil. Mag. 46. pp. 911-914, Nov., 1923.)—The generalisation 
suggested by W. Wilson [Abstract 1630 (1923)] of the third postulate 
of the quantum theory, the addition of which he had previously suggested 
to Bohr’s two postulates, for a charged particle executing a periodic 
motive, was expressible in the form J [p s +eA i )dq s = n i h{s = 1, 2, 3, 4) . .. (1), 
where p t and q t arc the Hamiltonian coordinates, e is the charge, 
A the four-vector potential, h Planck’s constant, and the n s integral 
numbers, the integrals in each case extending over the period of the 
corresponding q. The fourth of these equations was not discussed in 
Wilson’s paper, but he has pointed out in conversation with the author 
that it is expressible in the simple form : /(T -f V)dt = n A h. where 
.T is the kinetic and V the potential energy of the particle, and t the real 
time, as is easily verified. There are important types of motion for 
which the first three members of (1) reduce to the single equation 
Jpdq = nh ... (3). If also the energy is constant then ; for a Planck 
oscillator, fldt = fVdt, and it will be subject to (3) if, and only if. 
n 4 = — n; for a simple Bohr atom, (3) will be fulfilled only if 

= ± ti/2 ; both as in the non-relativistic case. The author points 
out that, by means of a theorem due to Jacobi. Sommerfeld (" Atomic 
Structure and SpectTal Lines,” p. 648), shows that for small speeds com¬ 
pared with that of light these results can be generalised to include the 
case of central forces varying as r», where r is the distance, into the 
formuia »» 4 = — *(/* + 3)/2(/t + 1). and gives a table of values of t» 4 in 
terms of n for different values of /x. It seems to him possible that the 
fractional relations arising with the less usual laws of force may be con¬ 
nected with the complex Zeeman effects which seem symptomatic in 
intra-atomic fields of complex types. Since T 4- V is constant there is 
no mathematical periodicity in these motions, but only a periodicity in 
the physical properties of the energy. An alternative suggested by 
Wilson would be to use the fourth relation to define an additional 
frequency. G. W. de T. 

427. The Symmetric Potentials Leading to Longitudinal Solutions 
of Einstein’s Equations. A. Palatini. (N. Cimento, 26. pp. 6-24, 
July-Aug.—Sept., 1923.)—A development of Levi-Civit&’s well-known 
papers: ” ds 2 of Einstein in Newtonian fields” (1917-1919). In those 
papers it was shown that a correspondence can be set up between the 
Einstein " potential” (roughly the reciprocal of the coefficient of dr 2 ), 
in certain statical solutions called ” longitudinal.” and the Newtonian 
potential due to distributions of gravitating matter. For example, the 
Schwarzschild solution corresponds to a surface density on a prolate 
spheroid. In the present paper it is first shown that Levi-Civit&’s solutions 
are contained in a more general class proposed by Weyl: and the Weyl 
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solution corresponding to a Newtonian surface distribution on two 
prolate spheroids with a common axis of symmetry is determined. This 
is interpreted as giving the field equations due to two fixed massive 
particles. • • • M. H. A. N. 

428. On the Lorentz and Galilei Transformation. N. v. Raschevsky. 

(Zeits. f. Physik, 20. 2. pp. 129-131, 1923.)—In a previous paper [see 
Abstract 1529 (1923)] the author has discussed the work of Guillaume on 
the compatibility of the Lorentz and Galilei transformation, against which 
the following objection was raised : It is not possible that by the use of 
different time parameters the relative velocity of 2 systems retains the 
same value v, since in one case the true velocity is concerned which is 
given by dx/dt, and in the other the apparent velocity expressed as dx/dr. 
The author now states that although this objection is generally valid, 
yet for the case treated by Guillaume it is by no means so and he now shows 
that by his own treatment of the problem the result obtained is identical 
with that by Guillaume. H. H. Ho. 

429. Relativity. E. Persico. (Accad. Lincei, Atti, 32. ii. pp. 208-211, 

Oct., 1923.)—Of the two fundamental differential quadratics which 
appear in the theory of surfaces, the one (the linear element) has a known 
physical interpretation in the theory of relativity; the other (the surface 
considered in reference to the surrounding space) has not yet been con¬ 
sidered in that theory. The author shows that while the former leads 
to geometrical relations of space, the latter leads (when the surrounding 
medium is a space-time) to optical relations. A. D. 

430. The Michelson and Morley Experiment. E. Brylinski. 

(Comptes Rendus, 177. pp. 874-876, Nov. 5. and pp. 1023-1025, Nov. 19, 
1923.)—With a velocity parallel to the light and a semi-translucent- 
mirror angle of 45°, interference-fringes are not to be looked for. If we 
assume the negative result of the M and M experiment to be due to a 
contraction, this contraction is not in the ratio 1 to V l — f} 2 but in the 
ratio 1 to V 1 — — fP + f?> for the first orientation and in another 

ratio, also involving odd powers of f$, for the second orientation. There¬ 
fore there cannot be any such real contraction ; and besides, the presence 
of odd powers of f} leads to inadmissible discrepancies. There is an 
infinity of solutions for the assumed contraction. A. D. 

* 431. Newton’s Law and its Metrics. F. Kottler. (Akad. Wiss. Wien, 
Ber. 131. 2a. No. 1. pp. 1-14, 1922.)—The author’s objective in this paper 
is to show that the assumption, commonly made by astronomers, that 
there is a necessary connection between Newton's law of attraction and 
the geometry of our space, is quite unwarranted. He shows that, on the 
contrary, Newton’s gravitation theory is to be regarded as being as free 
from A priori metrical limitations as the modern physics of fields. A clear 
distinction mu9t be drawn between forces and force fluxes, the latter are 
given independent of metrics, and are not, as such, subject to measure¬ 
ment. Only the mechanical working of the fields can be measured, that 
is to say, the forces. This is effected through the concept of work, which 
is therefore the source of the metric. It will be seen, therefore, that there 
is no manner of relation between purely physical fields and the metrics of 
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our space. It follows from observation that the latter are either exactly 
or approximately Euclidean. And this is as far as our powers of observa¬ 
tion and experiment will carry us. The author’s argument is simply 
and clearly developed. It is. however, with the exception of par. 1, in 
which the views of Kant, Laplace and others are referred to, entirely 
mathematical. G. W. de T. 

432. Maxwell's Equations and Metrics. F. Kottler. (Akad. Wiss, 
Wien, Ber. 131. 2a. No. 2. pp. 119-146, 1922.)—It is shown by a very 
similar line of argument to that employed in the author’s paper on Newton’s 
law and its metrics [see preceding abstract], that in Maxwell’s electro¬ 
dynamics also purely physical fields are free from the limitations of any 
metric. In the present case, however, the field is defined by two six- 
vectors in the four-dimensional Minkowski time-space. Both of these 
are independent of any metric. The metrics are not here introduced, 
as was the case in Newtonian mechanics, through dynamical (energetic) 
points of view, for the field determines its own electrodynamics. The 
metrics are introduced from kinematic points of view, namely, through 
the laws of propagation of the field, in other words optical laws. They 
are determined by the relations between the field vectors expressed in 
terms of the dielectric capacity and the permeability. In these, therefore, 
lies the source of the metrics of Maxwellian electrodynamics, and there¬ 
fore of the Lorentz-Minkowski-Einstein relativity theory. But the field 
constants appear as unknown functions of the time-space coordinates, 
which we attempt to determine by mechanical assistance, such as the 
properties of rigid bodies, which would provide a metric resting on 
mechanical foundations if matter were independent of electricity, which 
it is not, and mechanics consequently are made to depend on optical laws. 
Again, in Einstein’s general relativity theory the field is derived from the 
metrics, whereas the author assumes that the field is independent of the 
metric. Suppose Einstein’s theory accepted as experimentally justified. 
Then, as before, the field is made to depend on optical laws. This inversion 
is the fundamental concept of the explanation of gravitation by Einstein’s 
general relativity theory. In either case the field would be adequately 
defined as a secondary product of light. G W. de T. 

433. Einstein Effects in Solar Spectrum. J. Evershed. (Observatory, 
46. pp. 299-304, Oct., 1923.)—A summary of this research at Kodaikanal. 
The gravitational effect should be the same in all spectra, for all positions 
on the sun. proportional to wave-length, increasing towards the red, and 
equivalent to a motion of recession of 0-634 km./sec. This should be 
easily measurable. The author stresses the absence of pressure effects 
in the sun so that metallic lines should serve as well as cyanogen. High- 
level iron lines in the ultra-violet indicate an excessive shift, especially 
at the limb, and this, with an apparent variation, suggests a motion 
varying possibly with the sunspot period, and superposed on the gravi¬ 
tational effect, involving a tangential movement of recession at all parts 
of the limb—in other words, an earth effect. But the weaker, or low- 
level iron lines and the sodium D-lines appear constant, and there is in 
these a reasonably close agreement between the observed and predicted 
shifts. The final evidence given by the light reflected from Venus has 
been that this is displaced to th6 red, as in ordinary sunlight. 

A. S. D. M. 
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434. Einstein Data. C. Burall-Fortl. (Accad. Sci. Torino. Atti. 
58. 4-5. pp. 96-97, 1922-1923.)—The author is in doubt as to the con¬ 
clusiveness of the Einstein crucial tests, because (a) the bend of stellar 
rays passing the sun conforms too closely to the results of calculation, 
without providing for refraction by the photosphere ; and (5) because the 
42' in the perihelium of Mercury exactly fills up the gap between 574' 
and 532', but the 532' has been taken over from Newtonian calculations 
and may not be an applicable figure on Einsteinian principles. A. D. 

435. First and Second Order Effects in Einstein's Theory. A. Bo- 
kowskl. (Zeits. f. Physik, 18. 3-4. pp. 217-227, 1923.)—The author's 
aim is to obtain successive approximations to the equations of motion 
in a gravitational field without the use of general invariant theory. In 
this paper the first small terms, sufficient to account for the motion of 
Mercury’s perihelion and the bending of light are obtained. It is assumed 
that the paths are geodesics in a manifold in which theg,* can be expanded 
in powers of a parameter a. and are such that £ =* — 1 + 0(a 2 ) ; further, 
that certain conditions respecting symmetry and character at infinity 
are fulfilled, and that do 2 (= g,kdx t dx k summed over 1. 2. 3 only) is an 
orthogonal invariant. From these postulates, with the help of a theorem 
on possible orthogonal, invariants, the values g ik «= 8,* + ax^Jr 3 , 
(i, k = 1 , 2, 3). £ 4 * - 0 ; £44 «= 844 — a/r are reached, in agreement with 
the Schwarzschild solution when a 2 is neglected. 

The author asserts that his postulates are compatible with the general 
principle of relativity in the sense laid down by Klein in his " Erlanger 
Programm ” for geometrical researches. M. H. A. N. 

METEOROLOGY AND GEO PHYSICS. 

436. Units and Constants in Aerography. A. McAdie. (Astron. 

Obs. of Harvard College Annals. 86. Part 2. pp. 95-106, 1922.)—A 
general discussion. Reference is made to suggestions by G. N. Lewis. 
In 1920 E. Q. Adams published a paper on *' A More Nearly Rational 
System of Units " (" Science,” 1920, p. 525). He brought conflicting 
systems into harmony by a suitable selection of the unit of mass, by making 
the numerical value of the velocity of light a power of 10, and by using 
the Heaviside definition of unit charge. A corrected list of the units 
and their values in C.G.S. and engineering units by Adams is here 
given. W. R. C. 

437. Observations made Twice Daily in 1922 at the Blue Hill Meteoro¬ 
logical Observatory. (Astron. Obs. of Harvard College Annals. 86. Part 2. 
pp. 71-94, 1922.) 

438. Accuracy of Areal Rainfall Estimates. R. E. Horton. (Monthly 
Weather Rev. 51. pp. 348-353, July, 1923.)—A study of records of rainfall 
for 42 stations in the Derwent Basin shows that fair accuracy is obtained 
when the mean rainfall over a small area is determined from a single 
station, provided that station lies within the area. The average and 
maximum errors o^the arithmetic means of areal rainfall are inversely 
proportional to the number of stations employed and directly proportional 
to the range ratio [i.e. the percentage ratio of the range to the approximate 
areal mean) ; the average error is usually about a quarter of the maximum 
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error. The arithmetic mean and the Thiessen methods give identical 
results, either for a single station or for a large number of stations; for 
a limited number of stations the maximum error is slightly less by the 
Thiessen method. For very small areas an accuracy of within 2 % can 
generally be obtained if a station exists in the area. A. W. L. 

439. The Relation between the Duration, Intensity, and Periodicity of 
Rainfall. P. Gorbatchev. (Monthly Weather Rev. 51. pp. 305-308 ; 
Disc., 308-309, June, 1923.)—If h is the amount of precipitation which 
can be produced from a cloud in time t, the average intensity of precipita¬ 
tion, t, is hit. The rain power. A, depends on the total amount and 
intensity of the rainfall according to the equation, A = Vhi = i VT. This 
equation shows that if the value of A is known for a particular station 
the maximum intensities for various durations may be calculated. The 
rain-power is of use in the classification of rains, comparisons of different 
rains, and also gives a method of testing doubtful observations. It has 
been found that the limiting rain-power varies in different years and a 
period of 35 or 70 years is suggested for these variations. 

Examination of the number of rains exceeding a given rain-power 
gives a definite regularity from which, p, the period for only one exceeding 
the given power, may be determined. Plotting A against p shows that 
A = in which p. is a constant climatic factor for the country. 

From this equation the recurrence of rain of different powers, average 
yearly amounts of precipitation and the largest rain-powers justified 
by observation may be deduced. It is pointed out in the discussion by 
H. R. Leach and R. E. Horton that the rain-power formula A = 
does not agree accurately with the most recent intensity-duration formulae, 
but it may be used as an approximation in short storms. A. W L. 

440. Rainfall Interpolation. R. E. Horton. (Monthly Weather Rev. 

51. pp. 291-304, June, 1923.)—Examples worked out by various methods 
for the interpolation of rainfall show that the methods using records 
from surrounding stations give smaller arithmetic errors than those using 
data for the interpolation station only; the magnitude of the algebraic 
errors is approximately the same in each case. The most accurate results 
are obtained if the data for both the interpolation station and for sur¬ 
rounding stations are employed ; the simplest methods for use in regions 
of 16w or moderate rainfall are the direct three-station average and the 
inclined plane method. For regions of high rainfall the errors are least 
if methods employing Foumie ratios and normals are used, but it is less 
laborious to use contemporaneous records by means of weighed correction 
ratios - A. W. 

441. Trajectories of Storms. A. Baldit. (Comptes Rendus, 177. 
pp. 773-776, Oot. 22, 1923.)—A study of the paths followed by storm 
centres shows that a storm may divide into two smaller ones, which 
travel in different directions. Such cases may be classified as due solely 
to geographical features, or as caused by the travel of the storm. They 
may be caused by the passage of a line-squall over * region where con¬ 
ditions are favourable for the genesis of storms. A typical case, studied 
in detail, is that of a storm in the Higher Loire on~June 22, 1922.j * 

,...... A. W. L. 
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442. The Colour of Clouds. P. Villard. (Comptes Rendus, 177. 

pp. 515-518, Sept. 17, 1923.)—In certain cases the colour of clouds may 
differ from that of the light which illuminates them. It has been observed 
that small detached white cumuli, illuminated with white light, may 
become grey during evaporation and even stand out in black against a 
clear sky ; if condensation occurs the clouds reappear and the colour 
changes take place in the reverse order. Such changes often occur in 
the small patches of cumulus found when the wind veers from W. towards 
N. after unsettled weather; they are rarer, or less definite, in misty 
weather with S.E. winds. They have not been observed in clouds com¬ 
posed of ice particles. A. VV. L. 

443. The Upper Atmosphere. J. Satterly. (Roy. Astron. Soc. 

Canada. J. 17. pp. 291-301, Sept., 1923.)—A summary of Lindcmann 
and Dobson’s paper " A Theory of Meteors and the Density and Tempera¬ 
ture of the Outer Atmosphere” [Abstract 1069 (1923)]. A. W. L. 

444. The Audibility of the Aurora. C. A. Chant. (Roy. Astron. Soc. 

Canada, J. 17. pp. 273-284, Sept., 1923.)—Further evidence concerning 
the audibility of the aurora has been collected from which it is concluded 
that in certain cases a definite sound is emitted ; this seems to occur 
during brilliant displays in which there is a lively motion. Several 
observers have stated that the auroral display and sound arc simultaneous, 
consequently the sound cannot originate in the region of the streamers. 
It is suggested that the rapid motion of the aurora causes violent changes 
in the electrification of the air which spread to a considerable distance 
and give rise to something similar to a brush discharge near the earth's 
surface. A. W. L. 

445. The " Sama Stale.” E. Gehrcke. (Zeits. f. Physik, 19. 1. 

pp. 67-68, 1923.)—Refers to a paper by R. v. Dallwitz-Wegencr [Abstract 
1785 (1923)], and discussions of the same [Abstract 2102 (1923)], and 
calls attention to the fact that the difference of opinion is connected 
with a point formerly disputed by Loschmidt and Boltzmann, and which 
the author has dealt with in his Physik und Erkentnisstheorie, p. 111. 
The second law of thermodynamics, however fully it may hold for processes 
in which a very large number of molecules are concerned, is still only 
an approximation, and only such for large molecular numbers. For a 
few molecules it practically does not hold at all. H. N. A. 

446. The Diminution of Intensity in the Red Region of Solar Radiation, 

between Europe and the Equator. L. Gorczynski. (Comptes Rendus, 
177. pp. 754-757, Oct. 22, 1923.)—Measurements of solar radiation made 
in Europe, on board ship, and at several stations near the equator, show 
that in the red region the intensity diminishes on travelling from Europe 
to the equator ; this is partly due to the variation in the zenith distance. 
Daily observations while travelling show that there is a variation of about 
3 % when the sun passes from the zenith to a zenith distance of. 60°, 
but for larger zenith distances the red variation is greater. [Erratum. 
Ibid. 178. p. 264, Jan. 7, 1924.] .... A. W. L. 

r, 447. Measurements of the Receiving Intensity, of Atmospheric Ionisation* 
and Other Meteorological Factors Due to the Eclipse of the Sun on April 8, 1921. 
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B. Iliin. (Jahrb. d. drahtl. Tele. 22. pp. 128-132. Sept., 1923. From the 
Russian.)—Gives particulars of measurements as denoted by the title, 
carried out simultaneously at Moscow. Minsk, and Saratov, with resulting 
curves. As a result it was found that the receiving intensity at the moment 
of maximum eclipse passed through a maximum and the atmospheric 
ionisation through a miminum. TJris observation agrees with results by 
other investigators. B. J. L. 


ASTROPHYSICS. 


448. Radiation and Temperature of External Photospheric Layers . R. 
Lundblad. (Astrophys. J. 58. pp. 113-137. Sept., 1923.)—In the solar 
envelope, some investigators assume absorption and radiative equilibrium, 
others scattering [sec Abstract 54 (1920)]. In the earth’s atmosphere, 
radiation round a scattering element is partially polarised and the lack 
of this in any layer of sunlight shows that here scattering works equally 
in all directions. The author derives the equation for the energy balance 
of the beam, and shows how to determine for the radiation in each specified 
direction, and at each specified layer, the emissivity function H(m); the 
" collustrivity ” function G(m). or average intensity of the radiation 
converging towards an clement of the layer from all directions ; and the 
intensity function J(w. () ; m k being the optical mass with regard to 
. the wave-length A. He finds that the solar atmosphere cannot be a 
scattering one solely, either throughout its whole, or in its external layers 
only, but that the extinction in the sun can be caused either by absorption 
alone, or by absorption together with scattering within small limits. In 
any case the scattering is negligible within the red and infra-red parts ; 
most likely it is negligible all through the spectrum. The outermost 
layers of the sun have an absolute temperature of 4500° and the temperature 
increases with the depth. A table is given showing the correspondence 
between the optical masses and temperatures with regard to different 
wave-lengths, and from this, isothermals are traced showing that an 
appreciable part of the green and blue light come from deep, hot layers, 
while the radiation of the ultra-violet and part of the infra-red spectrum 
is due, in the main, to cooler, external layers. The author concludes that 
the assumption is correct, that the external layers of the photosphere are 
m radiative equilibrium. A S D M 


449. Water-Cell Transmissions and Planetary Temperature. D. H. 
Menzel. (Astrophys J. 58. pp. 65-74. Sept.. 1923.)—The theory of 
the method is outlined and the influence of the uncertain factors, the area 
of the planet exposed and the humidity of the atmosphere discussed. 

°I >ta, I!, ed at present mdicate temperature of 60° C. for Venus 
q 4 16 C ' MarS ’ for the moon - a °d- 110° C. for Jupiter and 

«x^n?'in T th eSe Can b v satisfactoril y explained by radiative equilibrium 
h f C C ? e ° f , tWO major P lanets which Show unmistakable 
k T hCat - Mercur y- Uranus, and possibly Neptune 

hum dicin'" SC T ° f the method ’ The effect of air mass and 
r atmosphere can be allowed for as the product of two 

dinv l her T* u? infra_red transmission of water-vapour and 
carbon dioxide is desirable. F A Wh 


WjJ r*t 
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450. A Photometric Sectored Disc. E. Karrer. (Optical Soc. of 

America, J. and Rev. Sci. Inst. 7. pp. 893-899, Oct., 1923.)—Describes 
a photometric sectored disc of which the new features are (a) the mode 
of reading the relative opening : this is done electrically while the disc 
is in motion by means of a milliammeter at any distance, and (6) the 
method of adjusting the movable disc. Curves are given illustrating the 
performance of the disc. G. A. S. 

451. A Variable Aperture Rotating Sector-Disc. H. E. Ives. (Optical 

Soc. of America, J. and Rev. Sci. Inst. 7. pp. 683-687, Sept., 1923.)— 
In the usual form of sector-disc the opening, once selected, must be 
adhered to whilst the disc is in rotation. It is. however, desirable 
that the aperture should be capable of continuous variation whilst 
the disc is being rotated, and also that the extent of the aperture 
should be read without stopping the disc. Various attempts have 
been m^de to secure these conditions, but, owing to mechanical 
defects, errors in estimating the aperture arc apt to arise. The disc 
described by the author meets the above reqircments and the aperture 
can be read from the position of the controlling mechanism without 
recourse to stroboscopic or other auxiliary means. The mechanical 
scheme resembles that embodied in Keuffel's apparatus. In this 
device one disc is rigidly attached to the driving axle, the other floats 
on the axle and is driven from the first disc, in the opposite direction 
to it, by an idler with a bevel gear engaging in bevel gears on each 
disc. In the author's apparatus both component discs float upon the 
driving axle ; tho action of the latter is transmitted through two 
idlers by means of bevel gears, and the relative angular positions of 
the discs are altered by turning one of the idlers about the axis of 
rotation of the discs. The apparatus is described in detail and illus¬ 
trated, and is said to have answered well, the only drawback being 
the noise of operation, which has been reduced by special lubrication 
with heavy grease. J. S. D. 

452. The Opacity of an Ionised Gas. J. Q. Stewart. (Phys. Rev. 
22. pp. 324-332, Oct., 1923.)—Years ago J. J. Thomson showed that, 
owing to scattering of radiation, an atmosphere containing free electrons 
should possess marked opacity. The present paper now applies to an 
ionised gas the classical theory due to Drude, Lorentz, etc., of the optical 
properties of metals supposed to contain free electrons. As a result of 
collisions with molecules, vibrational energy supplied to the electrons 
by the electromagnetic field is transformed into energy of thermal 
agitation. The coefficient of absorption comes out proportional to 
A^ 2 , where A and p are the wave-length and pressure. There is also a 
scattering effect proportional to p and independent of A, but this is 
relatively unimportant except at pressures of 10atm. or less. The 
equations developed are tentatively applied to a discussion of : (1) Opacity 
of the Vapours of Exploded Wires.— Anderson, however, reports an opacity 
200 times greater than that roughly computed from theory and varying 
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inversely as A or A 2 , so that further theoretical treatment is required. 
(2) Opacity of the Solar Atmosphere. —Employing Saha’s theory to calculate 
the ionisation, coefficients are computed which indicate that electronic 
absorption may be an important cause of the opacity of the solar photo¬ 
sphere. It is concluded that light from regions where the pressure is 
greater than 0-01 atm. is cut off completely, so that all that is seen comes 
from a spherical shell of rarefied gas. (3) Opacity of Giant Stars. —Com¬ 
putations made, assuming the relation between temperature and pressure 
given by Eddington’s theory of stellar constitution, are found in rough 
agreement with Eddington’s values of opacity. H. H. Ho. 

453. Contraction of Volume and Refractive Power of Liquid Mixtures. 

L. Counson. (Arch, des Sciences, 5. pp. 361-369, Sept.-Oct., 1923.)— 
Pulfrich established a relation [Abstract 1160 (1910)] according to which 
the refractive index of a mixture is in excess over what it would have 
been had the volume and the refractive index been simply additive. 
Wintgens made measurements on solutions of tartaric acid and of 
heptamolybdate of ammonium ; van Aubcl deduced from these measure¬ 
ments that the refractive index was in defect. The author has made 
measurements on the same solutions, the result of which is to restore 
Pulfrich’s original conclusions. A. D. 

454. Measurement of Photographic Densities. C. B. Bazzoni, R. W. 
Duncan, and W. S. Mathews. (Optical Soc. of America, J. and Rev. 
Sci. Inst. 7. pp. 1003-1009, Nov., 1923.)—The instrument described 
makes use of the Thalofide cell as the light sensitive element, connected 
in series with a potential of 45 volts and a ballistic galvanometer. An 
adjustable potential is in parallel with the cell to take care by compensation 
of the slow drift of resistance under applied potential. A spectrometer 
forms the body of the instrument. The diagram shows the general 



construction and connections. The method of operation is to place the 
specimen in front of the slit, spring the shutter for an exposure of generally 
1/25 second, and to observe the throw of the galvanometer. In com¬ 
paring the densities, of two films two successive observations are required, 
and in plotting the variation in intensity across a spectrum line ten to 
twenty successive observations at intervals of 30-60 seconds are necessary. 
In this method of measurement the light intensity and condition of 
illumination must be maintained constant over an extended interval of 
time. This can be done by using an incandescent lamp operated from 
a constant source. The Thalofide cell must be depended upon to recover 
approximately completely during the limited time interval betweed 
exposures, .which can be done within a few seconds. The photographic 
shutter must give accurately equal exposures on successive releases. 
The authors give results of their observations on the broadening of the 
Ha line in a condensed discharge. [See Abstract 1729 ( 1921 ).] T. 
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455. The Grey Wedge and its Use in Sensitometry. E. Goldberg. 
(Faraday Soc., Trans. 19. pp. 349-364, Nov., 1923.)—Of all methods 
employed for the production of a great number of measurable light 
intensities with sufficient accuracy, the Grey wedge has proved most 
satisfactory. This method was introduced by the author in 1910. The 
neutral grey wedge has the following special features : (1) The possibility 
of placing in a very small space an extremely big scale which is practically 
unlimited.’ (2) The respective light intensities are placed side by side 
in a most convenient manner. (3) The intensities increase logarithmically, 
which is of special importance in photographic technics, as logarithmically- 
increasing intensities of light correspond with a uniform alteration of 
the sensation caused by light. (4) The possibility of placing the single 
intensities of light along a line as well as round a circle, which facilitates 
the graphical representation of phenomena. (6) These wedges are of 
very small dimensions, so that the instruments provided with them take 
up little room and are consequently much cheaper to manufacture than 
instruments in which measurably graduated intensities of light are obtained 
in another way. The use of a wedge is especially convenient in all cases 
where the conditions of light in nature must be studied and relations 
obtained between the light intensities and the photographic results. 
A method of determining the degree of halation of photographic plates 
is described. A specially suitable application of the wedge as exposure 
device and as photometer is found in the densograph, a new and completed 
form of which is here described. A. E. G. 

456. Colour of the Sea. K. R. Ramanathan. (Phil. Mag. 40. 
pp. 543-653, Sept., 1923.)—Raman has recentlyshown [see Abstract 1578 
(1922)) that the deep blue colour characteristic of most ocean waters 
is due to molecular scattering. In a perfectly absorptionlcss dust- 
free ocean of infinite depth the incident light would all be returned 
unchanged in character and intensity. Water is known to exercise 
a selective absorption in the red which decreases as the wave-length 
becomes shorter. Using known values for the absorption of water 
for different wave-lengths, it is shown that the colour of deep dust- 
free water on this theory should be the resultant of 1-56 x 10 _s 
red, ( i.e . of wave-length 630-2 fifi), 2-49 x 10” 2 green (638 1 /i/i), 
and 9-53 X 10“ 2 violet (456- 9 fifx), and should approach the spec¬ 
trum colour 475-0 /z/x, being very near the indigo of the second order 
in the colours of thin plates. The inclusion of secondary scattering 
would diminish still further the proportions of red and yellow, for 
which absorption is strong. 

Particles of suspended matter small compared with the wave¬ 
length will have little effect unless present in large quantities in 
which case the absorptive properties of the medium would have less 
chance to have full play and the blue colour should be less saturated. 
With larger particles the longer wave-lengths would be returned in 
greater proportion, and as the amount of matter increased the sea 
should become greenish blue, green, whitish green, and finally white. 
Six different samples of sea water, varying in colour from indigo to 
green, and a sample of dust-free distilled water are examined as 
regards the intensity of light they scatter transversely when sunlight 
is incident on them in a dark room. Four of them are also examined 
as regards the comparative amounts they scatter in different direc- 
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tions, and this is done also for the dust-free water. The results show 
that suspended matter present in small quantities, although it 
considerably increases the total scattering, contributes little to the 
scattering in the direction opposite to that of the incident light. The 
increase in total scattering reduces the transparency of the medium, 
but so long as this effect is small compared with the absorption proper, 
the quality and intensity of the returned light is hardly affected. 
Thus the colour of the deep sea, where there is little suspended matter, 
is practically the same as that of dust-free water. 

An examination of the quality and intensity of the light scattered 
by different specimens in reference to the amount of suspended 
matter shows that the colours cannot be explained by the presence 
of such matter alone. The results of examining the scattered light 
for polarisation seem to indicate that in the case of some specimens 
there is fluorescence, and this is verified by the discovery that colours 
cut out of the incident light by suitable filters appear in the scattered 
light. As the incident beam contains no ultra-violet the fluorescence 
must be caused by an absorption of the blue and the violet. A sea 
whose water shows fluorescence would thus appear green not only 
because there is a return of green light but also because there is less 
blue and violet in the returned light. The water which looks most 
green shows the most intense fluorescence. The transition from the 
indigo of the deep sea far from land to blue and green may 
thus be due either to the increase in the amount of suspended 
matter present or to the presence of some fluorescent matter, most 
probably organic. The second cause is apparently the more 
important. . G. A. S. 

457. Glare, Particularly in Relation to Motor-Car Headlights. G. 
Gehlhoff and H. Schering. (Zeits. tcchn. Physik, 4. 9. pp. 321 — 
333, 1923.)—The authors describe the results of an extended investi¬ 
gation into the effect of various factors on glare, this term being taken 
to mean interference with visual acuity as determined by the failure 
to recognise a test pattern on the bright object within a given short 
interval of time (3 seconds). The experiments were made indoors, 
with a general illumination of the order of 0*005 metre-candle. Pre¬ 
liminary experiments were carried out to determine the effect due to 
change of size of the test object, and its distance from the observer. 
It was found that the determining factor was the angular size and that 
with increase of size the " blinding ’* brightness increased to a maxi¬ 
mum of the order of 1*5 hefner candles per sq. cm., the size being 
then about 2$°. The " glaring ” illumination at the observer's eye, 
however, increased rapidly with increase of size of the object. 

In a second part of the investigation the definition of glare was 
taken to be (a) the disturbance of vision, loss of direction, and dis¬ 
comfort due to ft sudden illumination of the retina, and (b ) the 
disturbance of vision due to continued illumination of the retina. 
It was found that the minimum brightness giving glare by sudden 
exposure, decreased with increase of angular dimensions of the 
glaring source, approximately according to the formula, brightness 
= a/a + bio 2 , o being the angular size of the source. For a constant 
angular size the glaring brightness was independent of distance. 
The glaring brightness for continuous exposure was four times that 
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for sudden exposure, the eye being dark-adapted. The influence 
of the colour of the light was not investigated directly. 

J. W. T. W. 

458. A New Method of Investigating Colour-Blindness. R. A. 
Houstoun and W. H. Manson. (Roy. Soc. Edinburgh, Proc. 43. 2. 
pp. 216-218, 1922-1923.)—The authors have previously described 
[Abstract 1979 (1922)] the application of their method of testing 
colour-blindness to congenital cases. Cases of colour-blindness caused 
by disease are now examined. Instead of daylight a tungsten lamp 
with a suitable gelatine Wratten screen, to obtain light resembling 
daylight in colour, was used, and was found to answer well. The 
present observers were less familiar with physical measurements. 
But making full allowance for inexperience, results are worse than 
those recorded in the first investigation. It is. however, difficult 
to distinguish medical from congenital cases. In the present paper 
the positions of colours along the three sides of a triangle are given, 
and diagrams are also presented showing how the vision of subjects 
differed from that of a normal person, who can usually see 11 steps 
on the red-blue side, 10 on the red-green, and 9 on the blue-green. 

J. S. D. 

459. Stereoscopic Vision. J. W. French. (Optical Soc., Trans 
24. 4. pp. 226-247 ; Disc., 247-256. 1922-1923.)—The author gives, at 
the beginning of this paper, a general summary of the historical develop¬ 
ment of the theory of stereoscopic vision up to the time of Wheatstone 
and Brewster. He finds that if it be attempted to reproduce the experi¬ 
ments described by Wheatstone the results differ in some important 
respects from those described. The author emphasises the importance 
of realising that for the unaided eye, accommodation and convergence 
are closely, although not rigidly, associated. Normally, a particular 
condition of accommodation occasions a particular convergence, and to 
alter the convergence independently of the accommodation involves the 
exercise of mental effort or the use of artificial aids. From experimental 
work it appears that stereoscopic vision is possible only within certain 
limits. For certain pairs of objects on the same or on different horizons 
there are generally two extreme critical points beyond which stereoscopic 
vision breaks down. For certain pairs of objects on the same horizon 
there are two inner critical points. Objects of the same average angular 
dimensions can frequently be combined stereoscopically although they 
are of dissimilar form. The image is very indefinite, however. When 
the angular dimensions are very different combination is generally 
impossible. When the pairs of objects are dissimilar in size there is 
only one pair of outer and inner critical points if the objects are on the 
same horizon, and one outer critical point if they are on different horizons. 
For pairs of objects any of which can be combined, there are two pairs 
of such critical points. The results of experimental work on the positions 
of these critical points and the effect upon them of varying the illumination 
are given in the paper. 

. In the discussion a number of speakers doubted the effective importance 
of the relation between convergence and accommodation. N. M. S. 
Langlands described experiments illustrating the effect of convergence 
on the threshold angle for depth perception. This was, on the average, 
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3" for binocular vision and 15' for monocular vision. Using test plates 
in a stereoscope the average value was about 40' [see Abstract 462 (1924)]. 

J. W. T. W. 

460. Diffuse Reflection of Light from a Matt Surface. E. M. Berry. 

(Optical Soc. of America, J. and Rev. Sci. Inst. 7. pp. 627-633, Aug., 1923.) 
—Two methods of explaining the action of a perfect matt surface have 
been suggested. Bouguer assumed the surface to be made up of countless 
small mirrors. Another hypothesis assumes that light penetrates a certain 
distance into the medium and that reflections occur at every point. 
Grabowski [Abstract 57 (1915)] has contended that the Bouguer hypothesis 
is untenable. The author develops the theory mathematically and derives 
equations which are compared diagrammatically with the cosine law. 
The conclusion is drawn that Bouguer’s hypothesis has not been shown 
to be untenable. Laws obtained for ideal surfaces do not agree very well 
with observations on matt surfaces. But there are various factors, such 
as the higher portions of the reflecting surfaces shading some of the lower 
portions and the influence of diffraction, which have not been taken into 
consideration. J. S. D. 

461. Refractive Index of A ir below Atmospheric Pressure. A. Zwetsch. 

(Zcits. f. Physik, 19. 6-6. pp. 398-413, 1923.)—The writer opens with a 
discussion of the literature of the subject and then describes with full 
details' a modification of the Fabry-Perot interferometer which he has 
designed for the work. It is specially adapted to cover a wide rango 
of pressures and wave-lengths. The results given in the present paper 
are only for pressures below atmospheric and for A = 5461 A.U. The 
validity of the formula n — 1 = K£(l + pp) is verified. Numerically, 
for air, K = (0-38150 ± 0-00027)10-® and p = (0-667 ± 0 087) 10” 6 . 
Thus at N.T.P. (n - 1)10® = 291-41 ± 0-39. This result agrees closely 
with that found by Poscjpal. but differs from the generally accepted 
value, vis. (n — 1)10® = 293-04 ± 0-56. A. A. D. 

462. Testing Perception of Depth (Stereoscopic Visual Acuity). H. 

Kellner. (Optical Soc. of America. J. and Rev. Sci. Inst. 7. pp. 867-860, 
Oct., 1923.)—Describes apparatus devised for testing, rapidly and easily, 
the degree of ability of an observer to perceive differences in depth by 
stereoscopic vision. The apparatus consists of an ordinary simple lens 
stereoscope, the object being placed in the focal plane of the lenses. The 
stereograms represent two rows of parallel lines, similar to two lines of 
fence posts placed at regular distances apart, there being a small angle 
between the two lines of posts. The two sets are respectively tinted pink 
and green and the green lines appear between and behind the pink ones 
at one end of the stereogram, and between and in front of the pink lines 
at the other end of the stereogram. The observer sees three lines at a 
time, one green line between two pink ones. The step provided between 
adjacent green lines is 5 seconds of parallactic angle. The number of 
steps made before an observer recognises the centre line as displaced from 
the plane defined by its two neighbours is noted for displacement on 
each side of zero. J. W. T. W. 

.3 (463. A Method of Studying Surfaces and Optical Systems. V. Ronchi. 
(Accad. Lincei. Atti, 32. ii. pp. 162-164, Sept., 1923. N. Cimento, 26. 
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pp. 69-71; July. Aug.-Sept., 1923.)—An experimental arrangement is 
described which it is claimed can be modified so that the aberration and 
irregularity of lenses, etc., can be examined and measured not only on 
the axis but in any region of the field. A. E. G. 

464. Form of the Wave Surface after Refraction. A. Whltwell. 
(Optical Soc., Trans. 24. 4. pp. 209-221 ; Disc., 221-225, 1022-1923.)— 
The author applies the graphical method to the determination of the 
form of the wave surface produced when a plane or spherical wave 
is refracted by various forms of refracting surface or by a lens. The 
form of the wave surface when coma and astigmatism are present 
is found in certain special cases. The peculiar characteristics of the 
wave surface in the region of the focus are discussed, and the position 
of best focus is defined, as well as the term " depth of focus.” In 
the discussion, T. Smith pointed out that the graphical method gives 
useful results only when the aberrations involved are large, while 
T. Y. Baker showed a method of inferring the wave surface from the 
form of the caustic. J. W. T. VV. 


465. Formation of the Image of a Diffraction Grating by a Micro¬ 
scope Objective. A. Driesen. (Zcits. f. Physik. 18. 3-4. pp. 131- 
168, 1923.)—Describes the results of an experimental investigation 
of tho effect of various aberrations on the form of the image given 
by a microscope objective when viewing a diffraction grating 
illuminated by very accurately parallel light. A theoretical treat¬ 
ment of the subject is given and the results obtained experimentally 
are illustrated by actual photographs. J. W. T. W. 


466. The Primary and Secondary Image Curves Formed by a Thin 
Achromatic Object Glass with the Object Plane at Infinity. E. W. 
Taylor. (Optical . Soc.. Trans. 24. 5. pp. 321-325 ; Disc., 325, 
1922-1923.)—The shapes of the primary and secondary image curves 
formed by a thin simple lens of an object plane at infinity are well 
known, and can be readily determined. The object of this paper is 
to show that the image curves in the case of a double object glass of 
ordinary thickness, and with the inner curves approximately in con¬ 
tact, correspond very closely to those of a simple lens of the same 
power, and are only very slightly affected by the use of different 
8 lasses - Author. 


467. Surveying and Navigational Instruments from the Historica 
Standpoint. L. G. Martin. (Optical Soc.. Trans. 24. 5. pp. 289- 
303,1922-1923.) 

468 * Bdrly Telescopes in the Science Museum, from an Historical 
Standpoint. D. Bakandall. (Optical Soc., Trans. 24. 6. pp. 304- 
320, 1923.) 

469. Focal Line Method of Determining the Elastic Constants of Glass. 
G. F. C. Searle. (Cambridge Phil. Soc., Proc. 21. pp. 772-780. Nov.. 
1923.)—A thin plate of glass is first bent and then twisted by equal and 
opposite couples. Measurement of the principal radii of curvature of 
the surface enables the elastic constants to be determined. These 
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measurements are made optically. Expressions are first deduced for the 
positions of the focal lines and then the experimental arrangements are 
described. Finally a set of figures from an actual experiment is given. 

A. A. D. 


470. Prism Testing. G. W. Moffitt. (Optical Soc. of America, 
J. and Rev. Sci. Inst. 7. pp. 831-852, Oct., 1923.)—Describes a simple 
instrument designed primarily for the rapid routine testing of Porro 
prisms (45° — 45° — 90°) by a modification of the auto-collimating 
method of Chalmers and Ryland (Optical Soc., Trans. 6. p. 34, 1904-1905). 
The optical system is shown in the diagram. A lamp with frosted bulb 
illuminates a pinhole and also the rulings of a reticule placed just above 
the pinhole. The light from the pinhole passes horizontally to a good 

objective, quite free from zonal 


* 


.<ar 


a 


% 


aberrations and from coma, and 
thence to the prism under test. 
The reflected ray forms an image 
of the pinhole on the reticule. 
The remainder of the optical 
system is a compound micro¬ 
scope of magnification about 

60 diams., together with a 
change-direction prism which 
enables the position of the eye 
to be arranged conveniently with 
respect to the prism table. The methods of dealing with different 
forms of prisms are described in the paper. The accuracy attainable 
in the case of an equilateral prism was found to be equal to that 

given by a high-grade spectrometer, while the speed of testing for 

Porro prisms was found to be over 200 per hour (where no record of 
performance is kept). Both the definition and the deviation errors of 
the prism are tested, as well as its pyramidal error. J. W. T. W.. 


o 




I 


471. Longitudinal Aberration in A spherical Optical Systems. I. Roman. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 7. pp. 861-872, Oct., 
1923.)—A mathematical study of lenses having non-spherical surfaces of 
revolution generated by the curve x = x 0 + ytf 2 + y^y K - These surfaces 
may be characterised by the coefficient of form B = 1 — yjyi 3 , which 
is zero in the case of a sphere. The results obtained are confined to the 
longitudinal aberration, since this is the only second order defect which 
is influenced by a departure from sphericity of the kind considered. 
Several formula are derived for the aberration, and each of these involves 
B, so that by properly selecting B the final aberration may be reduced 
or even eliminated. The amount of retouching necessary at any part 
of the lens is of the fourth order in the optical height of the ray passing 
through that part and is given by f = BA 4 /8a s , where a is the radius of 
curvature of the spherical surface. The use of the method is exemplified 
in the case of the Dallmeyer " Rapid Landscape ” lens, a cemented 
triplet of focal length 102*88 mm. At aperture//11 the initial value of h 
is 4*52 and the aberration is — 3 units. The maximum amount of 
retouching to remove second order longitudinal aberration completely 
is 0*0026 mm. whether the initial or final surface is retouched. The 
" sign ” of the retouching, i.e. most or least at centre, is, however, different 
according to the surface chosen. r 
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By the use of this method a lens system may be designed with only 
secondary regard to longitudinal aberration, this being removed by 
retouching in a definitely known manner. In camera lenses, where large 
apertures are needed, the higher order terms may make this method of 
questionable value. For telescope systems in which second order terms 

are sufficient, however, the method is particularly suitable. J. W. T. \V. 

* 

472. Interference Figures Produced by Transparent Inactive Crystalline 
Plates in Convergent Polarised Light. F. E. Wright. (Optical Soc. of 
America, J. and Rev. Sci. Inst. 7. pp. 779-817, Oct., 1923.)—These 
phenomena are best understood by the use of a single surface of reference 
from which is derived, step by step, the several relations presented by 
crystals in polarised light. The author derives the standard equations 
required by the petrologist by means of direct methods based on the 
conception of a sphero-conic, i.e. the curve of intersection of an ellipsoid 
with a concentric sphere of given radius p. Radii vectores, drawn to 
the points of this curve, form a central cone, the intersection of which 
with the sphere of unit radius marks the position in space of all radii 
vectores of the ellipsoid of length p. The behaviour of a wave of light 
on passage through a crystal in a given direction can be accurately pre¬ 
dicted by considering the diametral plane of the index ellipsoid, normal 
to this direction. Along the principal axes of the ellipse made by the 
intersection of this plane with the index ellipsoid, the vibrations take 
place and the refractive indices of the two waves formed arc directly 
proportional to the length of these axes. The sphero-conic, p. marks 
the positions in space of all vibration directions along the radii vectores 
of length p. For this reason the name equi-vibration curve is suggested 
to designate each one of the series of sphero-conics formed in this manner. 
The direction of wave normal propagation, corresponding to a given 
vibration direction and represented by a point on a given sphero-conic, 
is found by passing through the given point a plane tangent to the central 
cone which passes through the given sphero-conic. The normal to this 
diametral plane is then the desired direction, while the plane itself is the 
wave-front. This operation leads at once to the equation of the index 
surface whose radii vectores are proportional to the refractive indices 
(reciprocals of the velocities) of the wave-normals. For a given refractive 
index, p, the equation of the index surface can be interpreted as that 
of a central cone, the intersections of which with a sphere of unit radius 
form a sphero-conic, which represents the positions in space of all wave 
normals of refractive index p. These sphero-conics may therefore be 
appropriately called equi-refringence curves. From the properties of these 
equi-refringence curves, the phenomena observed both in parallel polarised 
light and in convergent polarised light on inactive transparent crystal 
planes can be deduced. From them the fundamental rules and equations 
of crystal optics needed by the petrologist are derived directly in the 
body of this paper. It is considered that by thus attacking the problems 
from a suitable viewpoint, a degree of simplicity and directness has been 
attained which is not possible by other methods. J. W. T. W. 

473. A Species of the Jamin Interference Arrangement. E. Bratke 
and E. Waetzmann. (Ann. d. Physik, 72. 7. pp. 601-615, Nov., 1923.)— 
This paper contains the exposition of a rigid theory concerning an inter¬ 
ference phenomenon closely related to that of Jamin and previously 
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treated by Mascart, Lummer, and Hurion, in which rays of light incident 
at less than 45° on a plane parallel plate are reflected upon a lens and 
thence reach a mirror from which they again return via the lens to the 
plate, and, finally, to the eye. The calculation presented is a special 
case of a generalisation for optical systems previously recorded [see 
Abstract 395 (1913)]. Former investigations are critically discussed. 
The conclusion is drawn that all deviations in the shapes of the inter¬ 
ference curves from perpendicular straight lines are due exclusively to 
error in the point construction of optical systems, and based on this 
view an accurate method is now derived. The paper is mathematical 
throughout.. H. H. Ho. 

474. Achromatic and Snperchromatic Fringes. C. Barus. (Nat. Acad. 
Sci., Proc. 9. pp. 373-376. Nov., 1923.)—This is an advance note from a 
report to the Carnegie Institute. Washington. An account is given of 
experiments in which interferometers with plate-glass compensators and 
an Iceland-spar compensator were used. The fringes obtained with a 
calcite block 3 cm. thick and with a nicol 7 cm. long are described. 

J. J. s. 

475. Diffraction Image of Two Close Luminous Planes. O. E. 
Mourashkinsky. (Phil. Mag. 46. pp. 802-815, Nov., 1923.)—The 
problem of the resolution of two luminous planes is treated from the 
standpoint of its identity with that of the diffractional conditions 
of the visibility of a band of finite width on a bright background. 
The resolving power of an object glass for two luminous planes de¬ 
pends on the distribution of illumination in the diffraction image of 
these planes, so the author first determines the illumination at any 
point in the diffraction image of two planes due to a circular aperture. 
Two luminous sources with straight edges (lines, bands, infinite planes 
with straight edges) give a more simple diffraction pattern in a focal 
plane of an object glass than 2 luminous points or discs, since all the 
isophotes of the first are always straight lines parallel to the edge. 

It suffices, therefore, to know the distribution of illumination along 
one line perpendicular to the edge, and results are given for 2 luminous 
planes of equal brightness with a dark band of width D between them 
for different values of D. Five characteristic points of these curves 
are noted : (1) The point of minimum illumination at the axis of a 
central band ; ( 2 ) two points corresponding to the geometrical images 
of the edges; (3) two points at which the illumination differs from 
the general illumination by but a small fraction. The illumination 
at the axis for small values of D is found to differ little from that at 
the edges, but for greater values it decreases very rapidly. A diffrac¬ 
tion image of 2 luminous planes with a dark band. or. one of some 
brightness between them, is found to serve as a convenient object 
for determination of the contrast sensibility of the eye. 

H. H. Ho. 

476. Universal Interferometer. A. E. H. Tutton. (Roy. Soc., Proc. 
104. pp. 47-62, Aug. 1, 1923.)— The essential novelty of the interferential 
comparator for standards of length, designed by the author [Abstract 
51 (1910)]. was that each of the two travelling microscopes was given 
so fine and steady a movement that the plane surface of a black glass 
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disc carried by the microscope could form one of the two reflecting surfaces 
producing the interference bands. The success of the instrument, owing 
to the steadiness and perfect control of the movement of the interference 
bands obtained, suggested the suitability of employing such a microscope, 
together with the optical train and a suitable length of V-and-plane 
guiding bed. as an interferometer of the most perfect character and general 
application for the measurements of small amounts of motion, slight 
deformations, short distances, or minute objects of any nature whatsoever. 
The paper describes in detail the design and method of adjustment of 
the interferometer. The interval between two interference bands (corre¬ 
sponding to a movement of the mirTor of 0*5A) is readily divisible into 

parts by a micrometer; thus the measuring unit of the instrument is 
about one eight-millionth of one inch. T. H. 

477. The Free Electron Characteristics of Sodium-Potassium Alloys. 
C. V. Kent. (Phys. Rev. 22. pp. 479-485. Nov., 1923.)—The paper is a 
continuation of a previous communication (Abstract 1417 (1920)] in which 
the author gives results for liquid alloys of lead with Bi, Sn. Cd. and Hg. 
Recently Morgan (Abstract 146 (1923)] published determinations of the 
optical constants of liquid Na-K alloys at temperatures below 100° C. 
The impact frequency and density of free electrons calculated from the 
optical data of Morgan are given. The chief source of uncertainty is the 
determination of the effect of the bound electrons on the optical constants. 
The number of free electrons per atom is found to be about 1-5 for all 
the alloys, but with indication of a minimum of about 1-2 for the $ 
sodium alloy. The frequency of impact of a free electron with molecules 
comes out from 1 to 3 x 10 u , less than the frequencies found for the 
metals previous investigated. The impact frequency increases linearly 
with increase in per cent, of either constituent to a maximum for the 
compound NaK supposed to exist in these liquid alloys. 

The resistivities calculated from the optical constants agree with 
experimental data for the pure liquid metals and for two alloys within the 
limits of error. The variation of resistivity with composition is compared 
with values for Na-K alloys at 200° C. These results tend to show that 
the simple Drudean optical theory holds for liquid alloys which form 
compounds as well as for those which do not. W.. V. M. 

478. Improved Temperature Control for Pulfrich Refractometer. T. M. 
Lowry and R. O. Parker. (Journ. Sci. Instruments, 1. pp. 16-21, Oct., 
1923.)—A description of improvements as now applied by Hilger ; wider 
tubes and an additional water jacket. Comparative measurements. A. D. 

479. Relative Velocity of Blue and Yellow Light. H. Shapley. (Nat. 
Acad. Sci., Proc. 9. pp. 386-390, Nov., 1923.)—Astronomical observations 
were made on the globular cluster Messier 6. the distance of which has been 
determined by various methods to be 2-3 x ,10 17 miles. There are in 
this group nearly a hundred cluster-type variables with periods ranging 
from 6 to 20 hours. Photographs of Messier 5 were taken in 1917, using 
the 60-inch reflector*of the Mount.Wilson'Observatory. Exposures of 
20 to 30 minutes were made to record the .yellow light with isochroraatic 
plate and yellow filter, and these exposures tfere interrupted in the middle 
to expose an ordinary plate for two or .three minutes to the blue light. 
A table of the results of measurements is given from which it is 
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derived that the difference in time required for the passage of blue and 
yellow light over a distance of 40.000 light-years is : Blue - Yellow 
= — 10 ± 60 seconds. The maximum effective wave-lengths observed 
were 4500 A. and 5500 A. respectively, and it is considered that the 
velocities do not differ by more than one part in twenty thousand 
million. A graphical check on the result was also made. G. E. A. 


480 . Direct Reading Photoelectric Transmissometry. K. S. Gibson. 

(Optical Soc. of America. J. and Rev. Sci. Inst. 7. pp. 693-704. Sept., 1923.) 
—In continuation of earlier work on null photoelectric measurements 
(Abstract 98 (1920)], it is shown that many photoelectric cells cannot 
be applied to this form of measurement. A new system, nearly as accurate 
as the old. and rather more convenient is described. This consists of 
a source of light focused on the slit of the spectroscope, a Brodhun 
variable sector, and a photoelectric potassium cell and quadrant electro¬ 
meter. The specimen to be measured is inserted before the slit of the 
spectroscope and the sector set at 100-0. The deflection is noted and 
the specimen removed. The deflection is then reduced to the same value 
by adjustment of the sector, which then reads the transmission directly. 
This method is also applied using a thermopile and galvanometer, to' 
the red and infra-red spectrum range. A. Wh. 

481. Rotatory Dispersion in Absorbing Media. E. O. Hulburt. 

(Phys. Rev. 22. pp. 180-187, Aug., 1923.)—Electron theory of magnetic 
and natural rotatory dispersion extended to take account of absorption. 
Simplified approximative formula* obtained, which give the rotation for 
wave-lengths sufficiently removed from the critical wave-length, provided 
that the refractive index and extinction-coefficient conform to the Lorentz 
dispersion equations with one resonance frequency; agreement with 
experimental results for CS 2 and a-monobromnaphthalcne (sec Abstract 
121 (1922)]. A. D . 


482. Atmospheric Optical Polarisation. S. Aurino. (Accad. Lincei, 
Atti, 32. ii. pp. 71-76. Aug.. 1923.)—Observations at Naples on the positions 
with respect to the sun and the anti-sun of Babinet’s and Arago's neutral 
points. Variations in these with the degree of transparency of the 
atmosphere. A 


483. Dispersion of Magnetic Double Refraction. G. Szivessy. 
(Zeits. f. Physik, 18. 2. pp. 97-104. 1923.)—The relative retarda¬ 
tion «/r of the two polarised rays produced by a medium of thickness l 
when in a field H is tfi = C/H 2 . Havelock has shown that the con- 

(n 2 — l) 2 

stant C is given by h ——, where n is the refractive index and A the 

wave-length of the rays. The question of the validity of Havelock's 
law having been raised, measurements were made for a series of 
organic liquids, the retardation by means of a Brace half-shadow 
instrument, and the refractive index by a Pulfrich refractometer. 
The applied magnetic field was 10,100 gauss as determined by a 
bismuth spiral. The experiments show that at constant temperature 
the factor h is independent of the wave-length employed, and that 
for the liquids tested the dispersion of magnetic double refraction 
follows the Havelock law. [See also Abstract 1352 (1923).] G. E. A. 
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484. Polarisation Effects in Films of Fused Salts. D. B. Deodhar and 
G. B. Deodhar. (Phys. Rev. 22. pp. 405-407, Oct.. 1923.)—Experiments 
made by Talbot and the late Lord Rayleigh have been repeated. Fused 
films of nitre observed under a microscope and between crossed nicols 
showed irregularly distributed patches varying in colour and brightness. 
The effect has now been found not only with potassium nitrate and chlorate 
but with silver nitrate and benzoic acid. The intensity diminishes with 
time, but the variations can still be observed after six months. A film 
formed by evaporating a binary solution of a mixture of any pair of the 
following: Alum, boric acid, borax, and citric acid, also showed the 
effect, although films with only one constituent were inactive. The effect 
appears to be the result of mechanical strains developed on cooling the 

J. J. S. 

485. Experimental Test of Oseen's.Theory of the Rotatory Power of 

Optically Active Liquids. A. Gumprlch. (Phys. Zeits. 24. pp. 434-437, 
Oct. 15. 1923.)— Oseen [Abstract 188 (1916)] hasdcduced that in optically 
active liquids [a]: (n 2 -f 2) = const., provided that the active molecules 
do not unite with one another or with the solvent. Since the rotatory 
power of camphor can be extrapolated to the same limiting value from 
readings in different solvents, it is assumed to be free from the tendency 
to form complexes. Nevertheless, tests of Oseen’s law show no propor¬ 
tionality between the specific rotatory power of the camphor and the 
refractive index of the solution [compare Wctterfors, Abstract 1986 
(1922)]. T . M . L . 

486. Photoluminescence of Flames. E. L. Nichols and H. L. 
Howes. (Phys. Rev. 22. pp. 425-431. Nov.. 1923.)— Effect of light 
on the intensity of the flame spectra of Li, Na. Ca, and Sr.—The salted 
flame of an air-hydrogen blast lamp was illuminated with the full 
light from a tungsten lamp, a carbon arc, a mercury arc and an iron 
spark, and the intensity of the bands or lines emitted, as determined 
by a photometric balance method in connection with a spectrometer, 
was found to be increased in all cases. The iron spark was most effec¬ 
tive, the increases being over 10 per cent, for Ca and Sr. Not only 
the ultra-violet beyond 0-3^4 is effective but also light above 0-43 \i. 
Red or yeUow light of the wave-length absorbed by the flame, how¬ 
ever, had a quenching effect, reducing the intensity 2 or 3 per cent, 
and decreasing the effect of the spark alone by half. No change in 
the distribution of intensity in the spectra seems to be produced, all 
bands being equally affected. That true luminescence is produced 
u shown by the fact that the intensity is the same in all directions. 

Authors. 

"M* S P ecial Ultra-Red Oscillations of Salts Containing Sulphur. 
V. J. Sihvonen. (Zeits. f. Physik, 20. 6. pp. 272-279, 1923.)— 
Schaefer and Schubert have carried out a comprehensive series of 
measurements with the ultra-red reflections of inorganic substances 
from which the nature of the cation appeared to be of little influence, 
while, on the other hand, relationships were discovered for sulphates 
and carbonates, selenates and chromates, chlorates, bromates and 
lodates [see Abstract 862 (1921)]. The present paper deals with the 
reflection spectra of sulphur-containing salts, and in particular com¬ 
pares the special short-wave ultra-red frequencies of such anions as 
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contain a sulphury!, or at least a thionyl, group. Experimental details 
are given very fully, the apparatus being similar to that of Schaefer 
and Thomas [see Abstract 1576 (1923)]. The crystals examined 
were. Na 2 S0 3 .7H 2 0. BaSOg. C 2 H 5 S0 3 Na . H 2 0, CjjHsSOjjK . H,0. 
Na 2 S20 3 .5H 2 0. K 2 S 2 0 3 . H 2 0, BaSgC^ . H z O, Na 2 S 2 0 3 .2H 2 0, K 2 S 2 O fl , 
BaS 2 O e . 2H 2 0, K 2 S 3 0 6 . K 2 S 4 O c . and preparation details of these 
are included. Sulphates and sulphites are found to possess a 
characteristic reflection maximum in the wave range from 8 to 11 /*. 
which according to the crystal .system of the salt may indicate com¬ 
plexity. since all the other salts possess in the same region two widely 
separated special oscillations. This difference is ascribed to the 
inner structures of the sulphate and sulphate ions being more sym¬ 
metrical with respect to the sulphur atom than the other anions. 
A discussion is given of the data from the standpoint of the valency 
theory. I'he sulphone group is opined to possess the oscillations 
of the groups S0 2 and S0 3 , and the observed long-wave maxima 
are ascribed to the existence of these groups. H. H. Ho. 

488. Monochromator for the Ultra-Violet, Visible, and Near Infra-Red. 
R. T. Beatty. (Joum. Sci. Instruments. 1. pp. 33-42. Nov., 1923.)— 
The author describes a monochromator designed so as to be readily adapt¬ 
able to various uses in a research laboratory. Its component parts are 

(i) two optical benches arranged with their axes mutually at right angles. 

(ii) a slit and collimating lens mounted separately in holders supported 

on ono bench, (iii) a slit and telescope lens on the other bench, (iv) a 60 ° 
prism and a plane mirror mounted at the junction of the bench axes, so 
as to give a constant deviation system. The lens used is 3J ins. across 
a slant face. For visible light the lenses and prism are of glass. For the 
extra-visible parts of the spectrum a quartz prism is used with collimating 
and telescope combinations of quartz-fluorite. The collecting lens is 
replaced by a concave mirror covered with nickel or silicon. The glass 
and quartz-fluorite achromats are of equal focal lengths, so that no focusing 
adjustments are required when changing the optical system from glass 
to quartz. The component parts are fully described and illustrated in 
the paper. * J. W. T. W. 

489. Radiation from the Incandescent Gas Mantle. E. Podszus. 
(Zeits. f. Physik, 18. 3-4. pp. 212-216. 1923.)—The author discusses the 
effect of admixture of cerium oxide with the thorium oxide in a gas mantle, 
in producing increased luminosity when the mantle is heated. Experi¬ 
ments are made with a tungsten wire electrically heated to different 
temperatures and coated with thin layers of these oxides. A. B. W. 

490. Proof of the Law of Photochemical Equivalence and the Dry Plate. 

J. Eggert and W. Noddack. (Zeits. f. Physik, 20. 6. pp. 299-314. 1923.) 
—The absorption relations of a dissolved and dispersed silver bromide, 
of clear and disperse gelatines, as well as two types of dry plates, are 
according to three different methods for six regions of the spectrum in¬ 
vestigated. The true absorption of silver bromide, taking into considera¬ 
tion the properties of silver bromide and gelatine, is calculated from these 
measurements. The amount of metallic silver in the lighted silver bromide 
gelatine layers is investigated by Volhard’s method. The loss of silver 
by fixing a plate under different conditions is also determined. [See also 
Abstract 1842 (1923).] A E . g. 
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491. Photochemistry of the Photographic Dry Plate. Part II. F. 

Welgert. (Zeits. f. Physik, 18. 3-4. pp. 232-237, 1023.)—The 
author considers that the new experiments of Eggert and Noddack 
[Abstract 1842 (1923)] are more in accord with his conclusions 
[Abstract 1738 (1922)] than with their own. They suggested that, 
in the short-wave spectrum, the greater portion of the light 
would be absorbed by the gelatin without producing any photo¬ 
chemical effect, having, in their experiments with gelatin plates 
of quite unusual thickness (0*88 to 1-5mm.), now found that the 
absorption increased from the red towards the violet. That, the 
author objects, would simply be due to the brownish-red colour 
of thick gelatin layers. According to Freundlich. the extinction 
spectrum of disperse systems varies qualitatively with the grain 
size and the distribution and density of packing of the grains ; silver 
bromide in an emulsion absorbs also in the green and red, which 
fused silver bromide does not do. The author admits an error in 
his previous paper, but maintains that the validity of the photo- 
chemical-equivalent law has not been established for a photographic 
bromide plate. H. B. 

492. Proof of the Photochemical Equivalence Law in Silver Halide Emul¬ 

sions. J. Eggert. (Phys. Zeits. 24. pp. 488-489 ; Disc., 490, Nov. 1-15, 
1923.)—The usual methods are here employed, but special attention is 
paid to the following means of obtaining more exact results. Great care 
is taken to ensure that the source of light shall be rigidly monochromatic. 
An improvement in the absorption measurements of the silver bromide 
layers is adopted, and the chemical analysis of the quantity of silver 
present is more exact. It is shown that for long periods of lighting the 
number of photolysed silver atoms is no longer proportional to the time, 
the ratio of the number of Ag-atoras to the number of quanta decreases 
with high exposures. [See also Abstract 1842 (1923).] A. E. G. 

493. Theory of Photography. W. D. Bancroft. (Faraday Soc., Trans. 

19. pp. 243-266, Nov., 1923.)—The outlines of a theory of development 
are dealt with under the following heads : The emulsion, plate sensitive¬ 
ness, grain sensitiveness, latent image, the developer. [See also Abstracts 
1686 and 1680 (1922).] A. E. G. 

494. The Mechanism of the Latent Image Formation F. C. Toy. 
(Faraday Soc., Trans. 19. pp. 290-296, Nov., 1923.)—Svedberg was the 
first to discover [see Abstract 1585 (1922)] that there is something more 
fundamental than the grains themselves, this being the " centres,” i.e. 
the points in the grains from which development starts. This paper 
mainly deals with a discussion of the nature of these centres, since it is 
on them that the sensitometric characteristic of any emulsion chiefly 
depend. There is a great controversy as to how these centres are formed. 
The different views are summarised as follows: (1) They are formed in 
homogeneous grains entirely by the light which is incident at points on 
the plate in finite discrete quantities, (2) they are pre-existent in the 
grains before exposure as a chemically different substance, the function 
of the light being to change their condition in such a way that they become 
capable of acting as reaction centres. The light is considered as incident 
equally on all grains. (3) By a combination of (1) and (2); heterogeneous 
radiation incident on grains containing specially light sensitive points. 
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Each of these is considered separately. It is concluded that for progress 
in the solution of the latent image problem these facts must be borne in 
imnd : (1) The light dart theory cannot explain the mechanism of exposure. 
(2) Light is incident equally on all the grains. (3) The centres are specially 
light-sensitive points where traces of foreign matter exist. (4) The relation 
between the number of centres produced and the quality of the light is of 
the order to be expected when the light absorption by the grains is 
considered. a r* 


495. Exposure Theories. S. E. Sheppard, A. P. H. Trivelli, and 
E. P. Wightman. (Eastman Kodak Co. Research Lab. Comm. No. 179. 
Faraday Soc., Trans. 19. pp. 296-308. Nov., 1923.)—There are two 
principal periods of development of such theories. In the first period 
the salient features were the assumptions ( 1 ) of homogeneity and con¬ 
tinuity of the sensitive emulsion. ( 2 ) of a like condition of the incident 
radiation, and (3) of the same for the developed image. The essential 
characteristics of the second period are ( 1 ) the full recognition of the 
microscopically and submicroscopically disperse character of the emulsion 
and ( 2 ) the assumptions (a) that the light may be heterogeneous, i.e. 
radiated and absorbed in discrete quanta. (6) that the grains of the 
emulsion may be inherently heterogeneous as to their sensitivity, and ( c) 
that (a) and \b) mky both have to be taken into account. In this paper 
certain relations between the theories of the two periods arc considered 
and the following points are specially dealt with. Absorption of light 
and photocatalysis. Grains and differential grain sensitivity. A. E. G. 


496. Optical Properties of the Photographic Emulsion. F. E. Ross. 
(Faraday Soc., Trans. 19. pp. 379-382. Nov., 1923.)—The distribution of 
light in the emulsion is first considered. Bouguer's law holds with a fair 
degree of accuracy in specifying the light intensity within the film, in the 
region beyond and contiguous to the true edge of a sharp image. This 
has been proved by the fact that images grow in diameter at a uniform 
rate, from which Bouguer's law of light distribution has been shown to 
follow as a mathematical consequence. A recent investigation of the 
subject by the writer using the most refined data, has led to a more precise 
law of intensity, given by the equation log (I/I 0 ) = - K [V7+7; - Vh] 
where x is the distance from the true edge of an image and A is a parameter. 
The resolving power and sharpness is next dealt with. It is found that 
the resolving power depends on the wave-length of light used, it being 
greatest for violet light, diminishes rapidly towards the green, then in¬ 
creases again as the red end of the spectrum is approached. It was found 
that the same law of variation with wave-length holds for sharpness. 
Resolving power in addition is dependent on the contrast between the 
detail and its background. A" E G 

497 Photoluminescence of Dyestuffs in Viscid Solutions. A. 

r rta8Shelm - < Zeits ‘ '• p *>ysik. 18. 6. pp. 317- 
324, 1923.)—The duration and the polarisation and, in some cases, 
the amount o t luminescence vary with the viscidity, but no general 
relation can be established. Where with increasing viscosity the 
fluorescence passes directly into a similar phosphorescence, both 
the fluorescence and the phosphorescence are strongly polarised. The 
fluorescence and phosphorescence of uranium and didymium glass 
and of Lenard’s phosphor are not polarised. A. D. 
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498. The Luminescence of Titanium Oxide. E. L. Nichols. 
(Phys. Rev. 22. pp. 420-424, Nov., 1923.)—(1) Kathode rays excite 
only very faintly some orange-red bands unless the oxide has been 
recently fused, when the light excited has a fine blue colour and in¬ 
cludes three bands with heads at 0-625, 0-550 and 0-425/x. The 
fatigue is rapid. (2) Ultra-violet light from an iron spark was in¬ 
effective. (3) Under flame excitation, a sample of the oxide placed 
on a copper block showed luminescence which was greyish blue at 
425°, a strong red to 677° when it suddenly changed to a yellow. 
(4) Heated to incandescence by an oxy-hydrogen flame, two distinct 
phases were observed. Phase R (hydrogen in excess) showed a 
reddish luminescence reaching a maximum intensity at about 985° C. 
of about eleven times black body radiation. Phase O (oxygen in 

• excess) showed a modified blue glow greatly in excess of black body 
radiation throughout all the visible and for all temperatures below 
1200° C. # Author. 

499. Radio-Chemistry and Fluorescence. J. Perrin. (Comptes Rendus. 
177. pp. 612-618, Oct. 8. and pp. 665-666. Oct. 15. 1923.)—For a number 
of fluorescent solutions, intensely illuminated at constant temperature, 
it was found that the fluorescent substance gradually disappears and that, 
for any given illumination, the velocity of this disappearance is at a 
maximum when the solution is very dilute and highly fluorescent (Abstract 
1214 (1919)]. The conclusion that fluorescence constitutes an accompani¬ 
ment of a chemical'transformation agrees with the general radio-chemical 
theory advanced by the author and also by Lewis, but MacLennan and 
also Levaillant (Comptes Rendus. 177. pp. 398-401, 1923) find that an 
essential part in such transformation is played by the solvent or by the 
air. In the light of this observation, the author modifies his views and 
gives the results of further experiments in illustration of his theory. 

T. H. P. 

500. Luminescence Produced by X-Rays. A. J. de Beaujeu. (J. de 
Physique et le Radium, 4. pp. 257-267, Aug., 1923.)—An outline is given 
of a large number of observations of the phosphorescence excited by X- 
rays in minerals and organic compounds ; the author draws the following 
conclusions: (1) A large nomber of solid organic compounds exhibit 
fluorescent effects on excitation by X-rays. (2) Substances of the aromatic 
series show the greatest fluorescence, and it appears that the benzene ring 
is the principal " fluorophore.” 

The degree of purity is a very important factor in luminescence, the 
greater the purity of the substance the more brilliant is the light emitted. 
Strongly coloured substances do not appear to be excited to luminescence 
by X-rays. A B W . 

501. A Spectrometer Table. B. J. Spence. (Optical Soc. of America, 
J. and Rev. Sci. Inst. 7. pp. 863-856, Oct., 1923.)—A table consisting of 
a cone-borne #isc actuated by a thin steel strap stretched by a counter¬ 
poise and displaced by a screw with a divided circle rotated by a long rod. 
The observer's body is then not in proximity to the radiometer, thermopile, 
or bolometer. Readings are effected by means of a telescope. A. D. 

502. A type of Arc in Vacuo Suitable for the Production of the Spectra of 
Metals of which only Very Small Quantities are Available. B. Perrette. 
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(Comptes Rendus, 177. pp. 876-879, Nov. 5, 1923.)—The usual carbon 
arc in vacuo does not give as sharp spectra lines as those obtained from 
luminous gases under small pressure. The method employed by the 
author consists in producing in vacuo, an arc between a kathode raised to 
incandescence by an auxiliary current and an anode carrying a small 
quantity of the metal to be studied. The kathode consists of a pure 
tungsten wire and the anode is a tungsten plate having a cavity containing 
the metal. The arrangement has the advantage of being regular in action, 
rarely requiring replacement of filaments and of being easily worked at a 
good vacuum. Examples of the fineness of spectra obtained from lead 
are given, and it is claimed that very little material is used up in the 
experiments. W. V. M. 


503. The Absorption Spectra of the Vapours and Solutions of Various 
Ketones and Aldehydes. J. E. Purvis. (Chem. Soc., J. 123. pp. 2516- 
2521, Oct., 1923.)—The work is a continuation of the previous results by 
Purvis and McCleland (T. 1912. 101. 1810). The author has investigated 
various substances containing an aldehydic or a ketone group and finds 
that ( 1 ) camphorquinone vapour exhibits a few bands in the visible region 
of the spectrum while camphor, fenchone, and carvone have each a single 
band in the ultra-violet, and camphoric anhydride has none. (2) Carvone- 
oxime, camphoric anhydride, and camphorimide have no solution bands 
in the visible or the ultra-violet, and that (3) dextrose, laivulose, and 
lactose have specific solution bands in the ultra-violet characteristic of 
aldehydes and ketones, while sucrose has none. Formaldehyde and 
glyoxal exhibit numerous bands which disappear in the more complex 
acetaldehydes and acetones. 

A suggestion with respect to the causes of the similarities and differences 
exhibited is made, in terms of vibrating centres of the various molecules. 
Reproductions of photographs of the absorption bands of the vapour of 
Camphorquinone at various temperatures and pressures are given. 


W. V. M. 


504. Variation of Intensity of Spectral Lines with Gas-Pressure. L. 
Strum. (Zeits. f. Physik. 18. 6. pp. 372-378, 1923.)—The author deduces 
the following expression for the light-energy E, in a given spectrum line 

^ .e~y nl P il> , where 8 and y are constants, p is the gas pressure, 


E = 


n the quantum number, and A the wave-length. This relation gives the 
variation of intensity of spectrum lines with gas-pressure and with the 
position of the lines in the series. The theory is confirmed by ex¬ 
perimental results. A. B. W. 


505. Spark Spectra in Liquid Non-Metals. M. Curie. (Comptes 
Rendus, 177. pp. 1021-1023, Nov. 19, 1923.)—The author has previously 
shown that the chief reason for the production of continuous spectra in 
highly condensed media is the non-uniformity of the field of force acting 
upon an electron, due to the intermolecular forces. This cause should exist, 
whatever atoms are present. The present work is an endeavour to see if 
the continuous spectrum seen when a spark is passed under a liquid is 
always connected with the presence of hydrogen ; for it is to this gas 
that the wide continuous band is supposed to be due when the spark 
passes between points under water. Platinum points were used with 
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liquid bromine, oxygen and nitrogen, and molten sulphur and phosphorus. 
A highly condensed spark was obtained from an induction coil. With all 
these liquids, a wide continuous band was obtained ; the long wave-length 
limit was about 725 /x/i; the short wave-length limit depended upon the 
absorption of the liquid. In none of the liquids examined was there any 
persistence of the emitted light. A. C. M. 

506. Variations of Structure and Intensity in Band Spectra due to 
Molecular Interaction. M. Toussaint. (Zeits. f. Physik, 19. 4. pp. 271- 
300, 1923.)—Changes in band spectra analogous to those caused by 
variations of temperature or pressure are to be expected on the introduc¬ 
tion of a foreign gas, other conditions such as pressure, current, and tem¬ 
perature being kept constant. The spectra of H, O. N. C + O, C + H. 
C + N were observed in the positive column by passing pure H. O. and N 
through discharge tubes, some tubes* being provided with aluminium 
electrodes and others with carbon electrodes. The spectra were photo¬ 
graphed in the first order of a Rowland concave grating of three metres 
radius. Grating, slit, and camera were mounted on a marble slab. The 
work was confined to the bands appearing in the near ultra-violet, and 
the plates were examined by a registering photometer on the principle of 
that of Moll. The bands of the gases named were photographed when 
various additions of argon or iodine vapour were made to the gas in the 
discharge tube. The resulting effect upon the bands is shown by the 
photometer records, a number of which are reproduced and fully discussed, 
particular attention being given to the bands of CN and N. Variations 
in the cyanogen spectrum seem in most cases to be irregular, any regulari¬ 
ties being masked by interference by the argon or iodine added. Argon 
increases the fineness of the lines in the 3884 band and considerably 
modifies their relative intensity. The effect of iodine vapour depends 
greatly upon the proportion present. In the case of nitrogen there is no 
interference by the added argon or iodine and so regular variations are 
produced. Argon produces a regular decrease of intensity of the component 
lines, while at the same time doublets replace single lines and triplets 
replace doublets. It is more difficult to note the effect of increasing 
proportions of iodine vapour owing to the continuous iodine spectrum. 

F. S. 

507. Chemical and Spectroscopic Properties of Excited Atoms and Rever¬ 
sible Effects of Electron Impacts in Gases. K. T. Compton. (Optical Soc. 
of America, J. and Rev. Sci. Inst. 7. pp. 955-971, Nov., 1923.)—A series 
of papers, presenting a new and suggestive conception of certain effects of 
collisions of electrons with gas molecules, has recently appeared in 
the Zeits. f. Physik, and the present paper is the result of a request to the 
author for a summary of these to be presented to the Committee of the 
National Research Council on " Ionisation potentials and related subjects.” 
The first section deals with " excited atoms,” and attention is called to 
the accumulating evidence that normal atoms and those which are 
'* excited ” by the displacement of an electron to an outer orbit may have 
very different physical, chemical, and spectroscopic properties. Thus 
all atoms, even the inert atoms like helium, are electro-negative when 
excited and tend to form homopolar and heteropolar compounds and 
negative ions. These compounds and ions are often sufficiently stable 
to exist for some time in a discharge tube. In any case, they profoundly 
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affect the spectrum of the substance. The next section deals with the 
reversible effects of impacts. Klein and Rosseland point out reasons for 
believing that an excited atom may revert to the normal state by trans¬ 
ferring its energy to a free electron at a collision as well as by radiation. 
Franck points out that such radiationless transfers of energy may also 
occur at a collision between an excited and a normal atom. The final 
section considers phenomena due to radiationless transfers of energy. Franck 
and Cario show that such transfers of energy may account for (1) the 
quenching of fluorescence by foreign gases. ( 2 ) the excitation of the spec¬ 
trum of one metal vapour by resonance radiation of another vapour which 
is mixed with it. (3) the dissociation of hydrogen by mercury 2536 A-radia- 
tion when mercury-vapour is mixed with the hydrogen. These suggestions 
are critically reviewed. H. H. Ho. 

508 . Are Quanta Unidirectional? G. Breit. (Phys. Rev. 22. 
pp. 313-319, Oct., 1923.)— Theory of the Brownian Motion of a Planck 
Radiator. —In the case of a classical resonator it is shown that the motion 
takes place even though the emission and absorption is not unidirectional, 
provided the radiation is not strictly monochromatic. This theory is 
then extended to the case of a quantised atom. Interference between the 
waves emitted by the atom and the surrounding radiation provides for 
the recoil actions without the assumption of unidirectional quanta. 
Statistically these have the same effect as Einstein’s unidirectional quanta. 
This theory removes the contradiction postulated by Einstein between 
the Rubinowicz-Sommerfeld considerations and the requirements of 
classical Brownian motion. It leaves the wave-theory of light intact 
and is in agreement with Bohr's principle of correspondence. Author. 

509. Absorption Spectra and Molecular Phases. Part I. R. A. Morton 
and H. Barnes. (Chem. Soc., J. 123. pp. 2570-2572. Oct., 1923.)—Baly’s 
conception of molecular phases greatly simplifies the interpretation of 
absorption spectra, each molecule being regarded as characterised by 
a definite amount of energy, this molecular quantum being the funda¬ 
mental quantity governing every reaction of the molecule. Hence since 
energy can only be exchanged in quanta, the molecule may exist in a 
number of phases, each consecutive phase differing in energy content by 
one molecular quantum. Every molecule therefore exhibits a characteristic 
frequency, usually in the infra-red. and also a phase frequency, usually 
in the visible or ultra-violet spectrum ; the observation of the maximum 
absorption frequency gives the frequency characteristic of one molecular 
phase. 

Spectroscopic study of three isomeric methoxy — 2:3 — dimethyl- 
chromones showed that the exhibited in neutral alcoholic solution a 
single absorption band [Abstract 900 (1922)]. In a table showing the 
frequencies at which the absorptive power is a maximum, the differences 
between successive frequencies is a multiple of a fundamental frequency, 
itself independent of the position of the methoxyl group. Thus, correla¬ 
tion between three factors, isomerism, quantitative energy relationships 
and differences in reactivity, is obtained in support of Baly’s theory. The 
absorption spectrum of 2 : 3 dimethylchromone showed similar relation¬ 
ships between bands in the ultra-violet which give approximately the 
same value for the fundamental wave-length. W. V. M. 
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510. Solar Radiations in the Remote Ultra-Violet. P. Lambert, G. 

Dejardln, and D. Chalonge. (Comptes Rendus, 177. pp. 757-759. 
Oct. 22. 1923.)—Fabry and Buisson have shown that from 3900 A. to 
2900 A., the solar radiations correspond to those from a black body at 
6000° Abs. Assuming this to hold good in the remote ultra-violet, 
the remote ultra-violet should carry the whole energy. From 2900 A. 
to 2100 A. thJl would be cut off by the ozone in the air. equivalent to a 
layer 3 mm. thick. From 2020 A. onwards the radiation would be cut 
off by the ammonia normally in the air [Duclaux and Jcantet, Abstract 
1674 (1923)). There ought therefore to be a band from 2100 A. to 2020 A. ; 
but the authors have failed to find this ; at the Mont Blanc observatory. 
The absorption may be due to oxygen, and investigations into this arc 
proceeding. A. D. 

511. Dispersion Lines in the Spectrum of the Sun's Limb. W. H. Julius 
and M. Minnaert. (K. Akad. Amsterdam. Proc. 26. 6-6. pp. 329-348, 
1923.)—The object of this paper is to show that the dispersion theory 
of the solar spectrum connects quantitatively two. at first sight, independent 
groups of observed phenomena, namely, the well-established general 
widening of the Fraunhofer lines at the limb, and the increase, also at the 
limb, of the mutual influence of neighbouring lines. This relation proves 
to be independent of the unknown laws that govern the weakening of 
any given kind of light on its way through the solar gases; by its means 
it is possible to indicate an upper limit of the mutual influence that may 
be expected, thus lending fresh support to the fundamental hypothesis. 
The average value of the mutual influence as deduced from the dispersion 
theory is found to be perfectly consistent with the actual observations. 
The dispersion lines which according to the hypothesis of the authors 
envelop the exceedingly narrow true absorption lines of the solar spectrum 
arise from two dimming processes, viz. irregular refraction and molecular 
scattering. For although light of any wave-length is subject to refraction 
and scattering on its long path through selectively absorbing gases, it is 
well known that these causes of darkening specially affect waves in the 
immediate vicinity of absorption lines. The following qualitative results 
are reached: (1) The general but very unequal displacements of the 
Fraunhofer lines towards the red can be explained by the properties of 
refraction lines, but not by those of diffusion lines. This also applies to 
the limb-centre displacements. (2) The mutual influence of neigh¬ 
bouring Fraunhofer lines, which increases as a rule from the centre towards 
the limb of the solar disk, may be the result of either scattering process ; 
but irregular refraction causes apparent repulsion, molecular diffusion of 
light gives apparent attraction. 

Formuke are deduced expressing the connection between mutual 
influence and width of dispersion lines. Assuming that Fraunhofer 
lines are in the main dispersion lines and starting from data concerning 
the widening of the lines in the spectrum of the sun's limb, values are 
derived for the probable increase of the mutual influence in passing from 
the centre to the limb. These theoretical results are then compared with 
the data obtained from observations regarding limb-centre displacements 
of Fraunhofer lines. The theoretical anticipations advanced are consistent 
with the observational material till now available, but the quantities 
involved in the investigation are near the limit of precision attainable 
with existing means of measurement in the solar spectrum. J. J. S. 
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512. Rydberg’s Formula and Deviating Types of Series. G. Wentzel. 

(Zeits. f. Physik, 19. 1. pp. 53-66, 1923.)—Under known conditions for 
the relative sizes of atomic nucleus and series orbit it is to be expected 
that the first optical series will correspond to the more eccentric orbits. 
This implies a discontinuous variation of the quantum defect. The 
conditions mentioned are sufficient to explain series anomalies in certain 
cases. Such anomalies are to be expected in the principal series of the 
arc spectrum of Ag and in the diffuse series of the spark spectrum of 
Cd, but neither of these has been explored hitherto. The best-known 
example is the P-series of Hg. investigated by Paschen. The paper is 
mathematical. F. S. 

513. Sensible Fluorescence of Gases. J. Franck. (Phys. Zeits. 24. 

pp. 450-451, Oct. 15, 1923. Paper read before the Deut. Physikertag., 
Bonn, Sept., 1923.)—A short note on investigations previously described 
[Abstract 2410 (1923)]. Before and after the collision of excited and 
normal atoms definite quantum conditions prevail. At the collision the 
total available energy of the atoms can distribute itself otherwise by 
rayless changes. Thus remaining amounts of energy make their appearance 
as energy of translation or are taken out of it. J. J. S. 

514. Ultra-Violet Resonance Spectra of Iodine. O. Oldenberg. 
(Zeits. f. Physik, 18. 1. pp. 1-11, 1923.)—Iodine vapour emits a series of 
lines forming a resonance spectrum when excited either by short ultra¬ 
violet radiation or by the green mercury line; in both cases the lines 
emitted have the same regularity and belong to the same value of the 
nuclear vibration quantum. There are about 35 lines of longer wave¬ 
length. and 5 lines which are of shorter wave-length than the exciting 
line. This resonance spectrum shades off into the ultra-violet fluorescent 
band spectrum of McLennan, in the longer wave-length region. 
Frequencies of many of the lines are represented by 

v = 52630(1 - 0 00416 n + O-OOOOnw^cm.^ 

» - 0. i, 2. .... 

It is concluded that the band spectrum is an extension of this short 
wave-length resonance spectrum, and it is also shown that the fluorescence 
spectra are due to the iodine molecule [see Abstracts 376 (1918) and 443 
(1921)]. . . A.C.M. 

515. The Influence of Crossed Electric and Magnetic Fields on the 
Spectrum of Hydrogen. O. Halpera. (Zeits. f. Physik. 18. 6. pp. 287-303, 
1923.)—A mathematical investigation of the influence of homogeneous 
electric and magnetic fields perpendicular to each other on the energy 
values of hydrogen atoms (simple ionised He-atoms). Apart from the 
spectroscopic interest in the splitting of spectral lines in a combined Stark 
and Zeeman effect, the problem of the general possibility of a sharp quante- 
lation of a system is considered, i.e. whether the resulting spectral lines 
are sharply separated, or spread out diffusely. Methods of integration 
are discussed with respect to different types of systems. Epstein [Abstract 
1886 (1922)] and Born and Pauli's (Abstract 1955 (1922)] conditions for 
exact quantelation are considered too far-reaching. 

The paper is mathematical throughout and does not admit of a concise 
abstract. W. V. M. 
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516. The Electron Affinity Spectrum of Iodine. W. Gerlach and F. 
Gromann. (Zeits. f. Physik. 18. 5. pp. 239-248, 1923.)—An explanation 
of the " electron affinity spectrum ’’ as a continuous spectrum given out 
when electrons fall into electro-negative atoms with varying velocities 
leads to an account of experiments on the spectrum of iodine in the 
regions 4800 A. and 3400 A.: at 4800 A., Steubing [Abstract 1440 (1921)] 
found a rapid fall in intensity in the continuous spectrum, confirmed by 
the present investigation. 

Five series of observations on the emission spectrum of iodine over 
the region 4800-2700 A. at temperatures up to 1050° C. and vapour 
pressures from 0 -1 to 10 mm. showed that the intensity of the continuous 
band ending at 3460 increased with high temperatures and low pressures, 
i.e. high degree of dissociation. The authors conclude that the band 
3460-3340 is the electron affinity spectrum of iodine as it conforms to all 
demands made on such a spectrum. The " electron affinity ” of the iodine 
atom is calculated from the value of the limit of this spectrum by means 
of the usual quantum relationship and found to be 81-8 ±0-2 cal./mol. 
a value agreeing quite well with those obtained in an entirely different 
manner from considerations of space-lattice theories and electronic bom¬ 
bardment. y. M 

517. Radiation Properties of Aluminium and Magnesium Oxide. F. 

Henning and W. Heuse. (Zeits. f. Physik. 20. 2. pp. 132-144, 1923.)— 
Very little experimental data exists with respect to the radiation of solid 
transparent bodies and the dependence of emission capacity on tempera¬ 
ture ; hence the present investigation. It is now found that glass, quartz 
glass, and synthetic water-clear sapphire (aluminium oxide) do not radiate 
in the visible spectrum. Synthetic ruby (aluminium oxide containing 
a small amount of chromium oxide), however, possesses between — 100° 
and ordinary temperatures a fairly sharp absorption in the green, whose 
maximum lies between A - 0-51 and 0-625^. With increasing tempera¬ 
ture the absorption quickly broadens, so that at / = 1100° the permeability 
D of the ruby for the whole visible range depends only slightly on the 
wave-length. For t =^1100°. the absorption maximum lies at A = 0-58 \i. 
Between room temperature and 1100° the absorption capacity of the ruby 
nses in the visible region and the more the wave-length observed is from 
the red end of the spectrum. The reflection capacity R of the ruby 
experiences much smaller changes with temperature, the sign of its 
temperature coefficient varying with the wave-length. The emission 
capacity, E = 1 — R — D/(l — R), of the ruby is only independent 
of temperature at the shortest wave-lengths (A = 0-625) ; for the longer 
waves of the visible spectrum it increases with temperature the longer 
the wave. At 1100° a 9-mm. thick layer of the ruby investigated in the 
visible region, radiated approximately as a grey body of emission capacity 
0 • 8. In the ultra-red, ruby and sapphire possess strong absorption bands 
beyond 4 fx, which have practically the same values for both bodies. 
Magnesium oxide which possesses very little emission capacity (0-02) 
in the visible spectrum, emits considerably beyond 4 \t and at 1160° 
attains about 15 % of the radiation of a black body. H. H. Ho. 

518. Absorption Spectra of Solutions of Benzene and Some of its 
Derivatives at Various Temperatures. J. E. Purvis. (Cambridge Phil. 
Soc., Proc. 21. pp. 786-789, Nov., 1923.)—The author points out 
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the absence of data on the effects of temperature on the spectra of 
solutions of organic substances. He has investigated the vapours of a 
number of organic materials and noticed that narrow bands widen into 
each other at tTie higher temperatures and pressures. 

Benzene (alcoholic solutions of three strengths), toluene, mono¬ 
chlorobenzene, phenol, aniline, and benzonitrile, were investigated, and 
the results show that the effect of an increased temperature on solutions 
of these six substances is a widening of the bands; the edges become 
more diffuse ; there is a slight shift towards the red end ; and they are 
a shade weaker. The effects are similar to those obtained with inorganic 
substances, and there is no suggestion that benzene, toluene, or aniline 
are ionised in solution, but the effects of heat on the absorption bands 
are similar to those on supposedly ionised inorganic salts. The 
fundamental vibrations of the simpler substances are modified by 
the type of atom or group of atoms which may be introduced into 
the molecule. W. V. M. 

519. Carbon Arc Spectrum in the Extreme Ultra-Violet, II. F. Simeon. 
(Roy. Soc., Proc. 104. pp. 368-375, Oct. 1. 1923.)—An extension of work 
referred to in Abstract 1145 (1923). A grating ruled at the National 
Physical Laboratory was employed having a ruled area 5 x 3 6 sq. cm., 
and 100 cm. radius of curvature ; there being 668 lines per mm. Wave¬ 
lengths down to 360 A. were measured. The spectrum of the carbon arc 
in vacuo extends as far in the extreme ultra-violet as the spark, except 
for a weak line at 360-5 A. By this investigation 25 new lines are 
added to the arc spectrum. Assuming that the limit of the L scries for 
carbon is 360 A., from the relation Vc «■ hv, V should be approximately 
35 volts. It was found that the arc could be maintained at this potential, 
and photographs of the spectrum were taken, and compared with photo¬ 
graphs taken with higher voltages. It is concluded that the lines visible 
with 30 volts applied to the electrodes were due to the arc spectrum 
of carbon, with the exception of five lines, which were all " short lines.” 

A. C. M. 


520. Changes in a Helium Spectrum-Tube. A. F. Miller. (Roy. 

Astron. Soc. Canada. J. 17. pp. 322-324, Oct., 1923.) —The spectrum 
of a tube originally showing helium and faint hydrogen lines gradually 
changed to that of C0 2 . When, however, this tube was simultaneously 
excited by the same coil as a second tube containing pure helium, the 
helium spectrum gradually but completely replaced the C0 2 spectrum. 
When excited alone, the first tube again gave the C0 2 spectrum. The 
second tube had no effect on tubes originally filled with C0 2 . The effect 
is attributed to resonance. F. S. 

521. Excitation Stages in the Open Arc-Light Spectra. Part III. 
Lead. Mercury. Thallium. Magnesium. B. E. Moore. (Astrophys. J. 
58. pp. 86-103, Sept., 1923.)— In the present study photographic methods 
were used in contrast to visual methods of the previous studies. It is 
found that the true arc begins to discharge from a minute point or 
negative polar tip. This tip discharge never forms without ionisation ; 
and when the pole is a bivalent element there are always lines belonging 
to the Rydberg 4N limit, lines which are theoretically associated with 
a return of the second valence electron to the nucleus, i.e. at the pole 
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tip the temperature and velocities of the electrons are always high 
enough to produce appreciable dissociation of the atom. For the clement 
lead all the observed lines are easily produced and show an exceptionally 
low ratio of pole to middle intensity'. This indicates that the lines belong 
to Stage I and that there is an appreciable amount of lead vapour in 
the arc at low currents. Two stages are found in the development of 
the lines of mercury and a possible third stage is suggested ; furthermore, 
the lines develop more slowly than in the other metals. Two stages arc 
found in the development of the lines of thallium. There are four stages 
in the development of the lines of magnesium, which correspond closely 
to what is known from other considerations as a resonance, first ionisation, 
a subsequent resonance, and a second ionisation. The changes are 
subtle and the stages overlap. The different actions of nitrogen and 
hydrogen atmospheres are used in these experiments. Enhancements 
are carefully considered, and evidence is given confirming the opinion, 
which has been frequently contested, that the enhanced lines correspond 
to hotter stages. Author. 

522, Excitation Stages in the Open Arc-Light Spectra. Part IV. 
Hydrogen, Air, Water-Vapour, Pressure Effect, Mixed Electrodes. B. E. 
Moore. (Astrophys. J. 58. pp. 104-112, Sept., 1923.)— Effect of the 
Medium ( Hydrogen, Air, Water-Vapour) upon the Spectrum .—If hydrogen 
is substituted for air or nitrogen the middle of the arc is cooler, but it 
is hotter at the electrodes because of the increased polar drop of potential; 
and there is a corresponding effect upon the spectra of the electrode 
materials. The many-lined spectrum of hydrogen is more easily excited 
than the Balmer series. These lines have two features in common with 
air bands, nitrogen bands, certain chloride bands, and a large group of 
water-vapour lines, all of which were examined, viz. they arc all easily 
excited, and they form only on the outside of the hot polar discharge. 
The inference is that the products which produce these types are dis¬ 
sociated by high heat. 

Effect upon the Spectrum of Pressure and of Mixed Electrodes. —Decreased 
pressure is accompanied by a decrease in temperature and results in less 
contrast in the series lines. The spectral lines appear first at the negative 
pole, even when the substance in question is located at the positive pole. 
A low-volatilising substance at the positive pole increases the intensity 
of the spectrum in the middle of the arc of a higher volatilising substance 
used as a negative electrode. This is attributed to the vapour of the 
positive pole which conserves the heat in the middle of the arc and raises 
the temperature. As the vaporised electrode material increases in the 
arc it progressively suppresses the hydrogen spectrum. The effect begins 
at a lower current with an easily volatilised substance, e.g. cadmium, 
than it does with a substance which volatilises at a higher temperature, 
such as copper. 

General Conclusion .—The changes due to pressure and temperature 
together with the variations in electron velocity are sufficient to explain 
all the differences which have been noted in the spectra. Author. 

523. Stages in the Excitation, of the Spectra of Thallium. F. L. 
Mohler and A. E. Ruark. (Optical Soc. of America, J. and Rev. 
Sci. Inst. 7. pp. 819-829, Oct., 1923.)—Evidence for the assignment of 
orbits suggested by Bohr for the elements Al, Ga, In, and T1 is given in 
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a study of the absorption spectra of T1 and In by Grotrian [Abstract 
907 (1923)]. Direct test of the theory by a measurement of the critical 
potentials for thallium proved full accord between the two if it is assumed 
that 2p z is the normal orbit of the third valency electron. 

Critical potentials of thallium vapour have been measured, with the 
following results—first resonance potential at 0-9 volt, first ionisation 
potential 6-04 volts. A higher critical potential detected by the photo¬ 
electric effect of the radiation is at 12-4 volts. Spectroscopic results 
were as follows : Thallium spectra at 7 to 10 volts show the first arc 
spectrum. All the lines of thdse spectra are classified as arc lines and 
belong to the doublet series system, successive lines of the two subor¬ 
dinate series appearing with increasing voltage. Above 12 volts another 
line spectrum appears nearly as strong at 14 volts as at 20. This is 
evidently associated with the 12-4 volt critical potential. Comparison 
of the critical potentials with the doublet system of thallium, shows 
that the first ionisation potential is determined by the limit 2 p 2 and 
the first resonance potential by the difference 2 p* — 2 p v This transition 
2po —> 2/> t is also accomplished by thermal excitation above 800° C. 
Since no radiation can result from this transition the orbit 2 p x must be 
meta-stable. 

Resonance potentials corresponding to frequencies 2 p 2 — ms and 
2p z — md give rise to the observed low-voltage spectra. Corresponding 
critical potentials are calculated for Al, Ga, and In. The spectrum lines 
appearing above 12-4 volts are mostly classified as enhanced in the spark 
and are ascribed to a second type of single ionisation, the removal of 
one of the two, electrons. The transition of the 6 2 electron into the 
vacant 6j orbit is discussed and found not to be forbidden by selection 
principles for the azimuthal numbers or the " grund ” numbers. W. V. M. 

524. Absorption Spectra of Some Organic and Inorganic Salts of 
Didymium. J. E. Purvis. (Cambridge Phil. Soc., Proc. 21. pp. 781-786, 
Nov., 1923.)—Merton [Abstract 1017 (1911)), from astudyof the absorption 
spectra of permanganates, concluded that the general nature of the absorp¬ 
tion is due to the grouping Mn0 4 and is influenced very little by the nature 
of the kation or the extent of the dissociation. Liveing (Trans. Camb. 
Phil. Soc. 1899. 18. 298) concluded from a series of observations that 
the characteristic absorptions of didymium which are only modified 
by concentration, heat, and variation of the solvent, are due to molecules 
which are identical in all cases. 

The author has investigated the absorption of didymium-phenyl- 
acetate and compared it with the absorption of equivalent amounts of 
acetate, chloride, and nitrate of didymium, and also phenyl-acetic acid 
itself. 

The results indicate that in the visible regions, various bands of didy¬ 
mium show slight differences according to the nature of the acid radicle. 
The differences are more apparent in the acetate and phenyl-acetate 
particularly at A596, 690-570, and A476. In the ultra-violet regions 
the differences are much more marked. It is concluded that the anions 
and kations of the molecule do not vibrate independently of each other. 

. Didymium is not a single element and the various salts of the con¬ 
stituents would differ in their absorptive capacities, the results observed 
being the effects of a complex series of vibrations of electrons, atoms, 
and molecules. , W. V. M. 
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525. Series Spectra in Oxygen and Sulphur. J.J.Hopfield. (Nature, 
112. pp. 437-438, Sept. 22. 1923.)—Results are obtained confirmatory of 
those previously reported and called in question. Sulphur spectra arc 
examined for the first time in the region shorter than 2500 A. In oxygen, 
two series are extended to seven and six members, respectively, while 
the third series remains with one member only. The wave members of 
the head OPj 2 3 of the new triplet series are 109833, 109674, and 109607. 
For sulphur, dry S0 2 was used at various pressures in the receiver and in 
the connected discharge-tube of the vacuum grating spectrograph. S0 2 
gas has two strong absorption bands, from A2600 to A1700, and A1660 
into the u.v. indefinitely, there being a relatively transparent region in 
between. Using low pressures, strong spectra have been obtained, even 
in the absorption regions. The spark spectrum consists of many lines, 
and groups of lines down to A350. The arc spectrum contains a number 
of wide triplets having constant frequency difference. These triplets 
are classified into series analogous to those in oxygen. 

Both the oxygen and sulphur spectra have characteristics in common, 
vis. the separations and intensities of the triplets are inverted compared 
with their spectra in the visible and infra-red. Assuming the level OP 12 s 
to be the valence level, the resonance and ionisation potentials are: 
Oxygen, 9-11, 13-66 v.; sulphur, 6-50, 10-31 v. respectively. A. C. M. 

526. Critical Potentials of the Thorium M-Series Lines. P. A. Ross. 

(Phys. Rev. 22. pp. 221-225, Sept., 1923.)—Spectrograms taken with 
various potentials decreasing in steps from 10 kv. to 3- 2 kv. are reproduced 
which show six lines, a to e of Stenstrom and a new line e 2 of wave-length 
2 • 85 A. By use of screens made of tissue paper soaked in thorium nitrate, 
five absorption limits, M 1 to Mg, were found, checking the results of 
Stenstrom and Coster. The critical potentials of the six lines were deter¬ 
mined and found to agree with the values predicted by the quantum law 
from the corresponding absorption limits M l to Mg. both 8 and € x corre¬ 
sponding to M 4 . and c 2 to Mg. A vacuum X-ray spectrograph is described 
in which a screen with a slit is rotated in front of the plate at twice the 
angular speed of the crystal so as to prevent scattered rays from striking 
the plate. Author. 

527. Vacuum Grating Spectrograph and the Zinc Spectrum. R. W. 
Wood. (Phil. Mag. 46. pp. 741-760, Nov., 1923.)—Published 
reproductions of spectrograms obtained with vacuum grating spectro¬ 
graphs show that higher resolving power is much to be desired. A 
three-fold enlargement of a spectrogram of zinc obtained with a 
grating specially ruled on the Rowland engine is given, together with 
reproductions of certain groups enlarged 7-5 times, and small regions 
of these enlarged 34 times. A ruling was chosen not much lighter 
than those usually employed which gave a light brown colour in the 
central image. The radius of curvature of the plate was one metre, 
and it was ruled with 15,000 lines to the inch, the ruled surface 
measuring about 1X4 inches. The source of light was the inter¬ 
mittent arc-like discharge between metal beads if a source of high 
potential with a spark-gap is included in the circuit, an arrangement 
which was described by the author in 1897 and since used by Millikan 
in his well-known work. A 30,000-volt transformer with two large 
Leyden jars and a spark-gap of about a centimetre was used, about 

vol. xxvii.— a.—1924. 



180 


SCIENCE ABSTRACTS. 


1000 flashes giving a fully exposed plate in about twenty minutes. 
With a grating of only one metre radius a very fine slit must be em¬ 
ployed, and the focus determined to within 0-5 mm. It does not 
appear as if anything could be gained by the use'of a bent plate. 
In the region between A = 1283 and A = 1500 are recorded 96 
lines as against 14 in Sawyer’s table. The wave-lengths are based 
on Simeon's values for carbon [see Abstract 1145 (1923)] and an 
accuracy of 0*05 A. is expected. Tables are given for the ranges 
1600 to 1930 and 830 to 1300, and the values discussed. Lyman 
ghosts were obtained between 1200 and 2000 when adjusting the 
grating with the aluminium spark. No trace was obtained with 
visible light or Hg 3660, and only a faint trace with Hg 2536. A 
further study is promised. F. S. 

528. Term Structure and Zeeman Effect of Multiplets. Part II. A. 
Land6. (Zeits. f. Physik. 19. 2. pp. 112-123, 1923.)—In Part I [see 
Abstract 1863 (1923)] it was shown that the series terms of multiplets 
were characterised by 3 quantum numbers R, K. J, to which a fourth 
must be added in the magnetic field. Now it is established that for the 
theoretical proof of the Paschen-Back effect, not only must the transforma¬ 
tion of the resolving factors g be considered, but also that of the interval 
factors v. The normalisation of g according to Pauli, employing Heisen¬ 
berg’s permanence of theg-sums, shows that in a strong field the mechanics 
for the stationary quantum states is valid to a greater degree than in 
a weak field where the inner coupling prevails. In order to derive the 
term-interval rule, the interval factors v are calculated for the strong field 
(with R, K, J as basis for the model representation), and then the trans¬ 
formation to the weak field is completed by utilising the permanence of the 
v sums. The two permanence demands are due to the conservation of 
the turning moment which every group of term components with common 
w possesses relative to the centre of inertia of the multiplet. The centre 
of inertia of the term multiplet is then preserved on passage to a strong 
magnetic field : £rog == 0, and = 0. Based on these permanence 

J.-* J."* 

principles, a simple method for the calculation of fieldless term energies 
has been proposed as a substitute for the invalid mechanics of coupled 
systems. H. H. Ho. 

529. The Quantum Theory of the Normal Zeeman Effect. O. Halpem. 
(Zeits. f. Physik, 18. 6. pp. 352-358, 1923.)—The quantum theory of the 
Zeeman effect, when based on the mechanical model conception and with 
the aid of the correspondence principle, leads to the classical Lorentz 
triplet. This result is correct, however, so long as quadratic terms are 
neglected in the magnetic field strength. When the latter are included, 
then the results are essentially changed. Reference is made to work 
on this subject by Herzfeld, Sommerfeld. and Debye [see Abstract 64 
(1917)]. The quadratic terms have the effect of making the Hamilton- 
Jacobian differential equation of the initial system no longer separable 
and so appear to render a solution of the problem inaccessible. Debye, 
however, has pointed out how important are the quadratic terms for the 
question of the validity of the quantum theory, and since the applications 
of the theory of secular positions by Bohr, a means has been afforded for 
carrying out the integration. The present paper now gives the theoretical 
treatment of disturbed systems and the influence of disturbance upon the 
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hydrogen spectrum. The Hamilton function of the disturbed system 
is first derived, then a discussion of quantum states, and finally applications 
to the hydrogen spectrum. H. H. Ho. 

530. Zeeman Effect of H a and H fi . K. Forsterling and G. Hansen. 
(Zeits. f. Physik, 18. 1. pp. 20-33. 1923.)—H a and H* are normally each a 
doublet. The authors find that in a magnetic field, each of the pair 
forming H a give rise to three components, forming thus a pair of Zeeman 
triplets. But the triplets do not remain in the positions of the original 
components; they approach each other, and for very strong fields form 
what is practically a single triplet. This effect is unintelligible on any 
present theory of the Zeeman effect. Similar results hold for Hp. In 
this behaviour the hydrogen doublets behave as those of sodium and 
lithium, forming a single normal Zeeman triplet in fields of the order of 
20,000 gauss [see Abstract 684 (1923)]. A. C. M. 

531. A Determination of elm from Measurements of the Zeeman Effect. 

H. D. Babcock. (Astrophys. J. 58. pp. 149-163, Oct., 1923.)—Forty- 
nine separate values were derived from spectroscopic observations of the 
Zeeman effect, with absolute measurements of the magnetic field-intensity. 
About 40 lines in the blue region of the chromium spectrum were most 
frequently used. These were supplemented by 76 other lines of chromium, 
titanium, zinc, and barium. At field-strengths averaging about 30,000 
gausses the separations of these lines were measured for the derivation 
of the normal separation, a. A wide variety of types of separation was 
used, but most dependence was placed on lines known to have small 
denominators in their fractional relation to a. Field measurements were 
made with ballistic galvanometer, test coil, and mutual inductance, in 
the primary circuit of which a known current could be reversed. The 
uncertainty affecting each factor in the working equation is discussed 
and the combined effect of all upon the result is derived. The chief 
difficulty in this method is the determination of a, the only other source 
of appreciable error being the magnetic area of the test coil. The final 
result from all the observations is e/m = 1-761 X 10 7 , with a probable 
error of one part in 1800 and an estimated actual uncertainty of 2 or 
3 parts in 1800. Author. 

532. Wave-Length of Scattered X-Rays. H. Kulenkampff. (Zeits. f. 
Physik, 19. 1. pp. 17-19, 1923.)—According to the observations of Compton 
[see Abstract 2198 (1923)]. the wave-length of X-rays is altered with 
scattering. An explanation was given by Compton and independently 
also by Debye [see Abstract 1878 (1923)]. Experiments are now described 
which seem to indicate that the wave-length of the rays are not altered by 
reflection at a crystal. It is, however, considered that there is no ground 
for doubting the correctness of the results obtained by Compton. 

A. E. G. 


533. A Direct Reading X-Ray Intensimeter. P.Lertes. (Zeits. techn. 
Physik, 4. 9. pp. 317-321, 1923.)—Describes and illustrates an instrument 
for measuring X-ray dosage which has an advantage over the ionoquanti- 
meter apparatus, since a direct reading is given upon a galvanometer. 
Briefly this consists of an ionisation chamber which is exposed to the 
radiation and the ionisation current is applied to the grid and filament of 
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a thermionic valve which intensifies the current to enable it to give a 
direct reading on a milliammeter in the valve plate circuit. A variable 
resistance is placed across the grid circuit to compensate the reading due 
to the ionic flow from filament to grid when the ionisation chamber is 
unexposed to X-radiation. The practical difficulties encountered in 
applying the valve to this purpose are dealt with at length and the some¬ 
what bulky apparatus is illustrated. Precautions have to be taken to 
shield the valve from the direct action of the X-rays. The calibration 
of the instrument is described. B. J. L. 

534. Absorption Measurements of the Change of Wave-Length Accompany¬ 
ing the Scattering of X-Rays. A. H. Compton. (Phil. Mag. 46. pp. 897-911, 
Nov.. 1923.)—In previous papers [see Abstract 2194 (1923)], it has been 
shown that X-rays of wave-length 0*708 and 0*630 A. suffer a change of 
wave-length when scattered from graphite. A quantum theory of the 
phenomenon has been evolved which generally predicts such a change. 
Experiments with y- rays confirm the theory, whereas scattering of light 
by paraffin wax has failed to do so. Hence the effect would appear to 
be dependent upon wave-length. The present experiments are intended 
to test the theory over a wider range of X-rays, with a greater variety 
of scattering media. 

A theoretical relation v 0 = r 0 {l + a(l — cos 0)} is evolved where 
a « hv 0 /mc 2 = h/mcXo with the usual nomenclature. The experimental 
method is described in detail. This is a balance method in which two 
beams from a Coolidge tube pass into two ionisation chambers one beam 
being scattered by a radiator. One ionisation chamber is kept at a 
positive potential and one chamber at a negative potential, so that no 
deflection of the electrometer occurs if the ionisation is equal in both 
chambers, and a graph of the deflection is obtained if this is not the case. 
The relation of the ionisation ratio of the two chambers is connected with 
the coefficients of absorption of absorbing sheens placed alternatively 
over the inlet of the two chambers and this allows comparison of the values 
of \l and therefore of the wave-length. The experimental results are given 
in detail for the following scattering media: paraffin, paper. Al, Fe, Sn, 
Pb, Cu, with observed wave-length changes over a region 0*7-0*024 A. 
For light elements and short wave-lengths the variation of wave-length is 
very near the theoretical value, but is below this value for long wave¬ 
lengths and heavy elements. It appears probable that in each case the 
scattered ray consists of two portions, an unmodified ray and a modified 
ray. The effective wave-length change depends upon the relative distribu¬ 
tion of energy between these two constituents, and in optics the unmodified 
ray predominates and therefore the scattering effect is small. The 
presence of the unmodified ray may be accounted for by the light quanta 
not being sufficiently great to eject the firmly held electron from a heavy 
atom, but experiment does not confirm this view. An alternative explana¬ 
tion is based upon the scattering of the energy by two or more electrons 
which give rise to interference effects with negligible wave-length change, 
and experiment appears to show that the unmodified ray results from 
scattering bjr groups instead of single electrons. The limb effect, or 
difference in wave-length of solar lines between the centre and limb of 
the photosphere, receives a satisfactory qualitative explanation on the 
view that it is due to a change of wave-length as the light is scattered 
by an electron atmosphere around the sun. B. J. L. 
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535. Scattering of X-Rays by Light Elements . G. E. M. Jauncey. 
(Phys. Rev. 22. pp. 233-241, Sept., 1923.)—In Compton's recent theory 
[see Abstract 2194 (1923)) of the scattering of X-rays in separate quanta, 
a definite change in wave-length due to scattering is predicted ; but in 
order to calculate the intensity of the scattered beam a non-rigorous 
argument is employed from analogy with the Doppler effect. In the 
present paper it is shown that the energy removed from the primary 
beam is of the order of magnitude of the energy falling on a sphere of 
the radius of the electron. It is therefore assumed that quanta of X-rays 
in the form of corpuscles are deflected by the electrons according to a 
law of force such that for corpuscles of small momentum (low-frequency 
quanta), the distribution of the scattered rays is that expressed by the 
classical theory. It is found that for corpuscles of large momentum 
(high-frequency quanta) the scattering electron recoils on collision in 
such a manner that the distribution of the energy of the scattered rays 
is modified. Curves and formula; are given showing for different 
radiation frequencies the theoretical values of the total energy removed 
from the primary beam by scattering, the energy which re-appears in 
tho scattered beam, and the energy of recoil in the scattering electrons. 
The formula expressing the distribution of the scattered X-rays is similar 
in form to that obtained by Compton, but gives appreciably different 
results for very high-frequency radiation such as hard y-rays. 

A. B. W. 

536. Continuous Spectral Energy Distribution within the X-Ray Tube. 

P. Kirkpatrick. (Phys. Rev. 22. pp. 37-47, July, 1923.)—The continuous 
spectral energy distribution of X-radiation as emitted from the target 
of a Coolidge tube at right angles to the beam of electrons, has been deter¬ 
mined from the distribution curve obtained with a rock-salt crystal spectro¬ 
meter and a methyl iodide ionisation chamber, by applying the following 
corrections: (1) For superposed high orders (determined from poly- 

chromat curves, and also from the absorption of the complex rays in 
aluminium) ; (2) for incompleteness of absorption in the ionisation chamber 
(determined by absorption experiments) ; (3) for absorption by glass 
wall, by air, and by aluminium window (determined by observation or by 
computation) ; (4) for reflecting power of the rock-salt crystal (obtained 
from curve derived from results of various investigators). The final 
curves show maxima at 0-445 and 0-503 A. for 71 and 51 kv. respectively. 
Comparison of these curves with those given by the theories of Behnken, 
March, and Davis, shows agreement with none. The maxima correspond 
to the equation A*, = k + k'X^ where Xq is the quantum wave-length. 
The production of constant potential X-ray spectra with alternating 
voltage by use of a synchronous shutter between the tube and spectro¬ 
meter is described. * A. B. W. 

537. Ultra- Violet Fluorescence Excited by X-Rays—Spectrographic Study. 
J. O. Perrlne. (Phys. Rev. 22. pp. 48-57, July. 1923.)—(1) Ultra- 
Violet. —In order to photograph the spectrum, the specimen being 
studied was placed in front of the slit of a Fuess single-prism quartz 
spectrograph and was exposed to X-rays from a Coolidge tube with the 
target about 12 cm. away. With the tube operating at 0-002 amp. 
and 60 kv. and a slit width of 0-15 mm., exposures up to 15 hours were 
made. Over one hundred substances were tested. Fourteen double salts of 
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uranium, 23 oxides. 50 other compounds, and also anthracene, chrysoidine 
eosin, and fluorescine gave no ultra-violet fluorescence, though some Show 
brilliant bands in the visible spectrum ; but positive results were obtained 
with the chlorides of Cd. Cs. Li. K. Na. and Rb, and also with KBr, KI. 
Ba o°-’ 1 ? aS ° 4 ‘ and CaW °4- NaCl gave a strong band with a maximum 
at 2470 A., and CsCl gave a band extending from 5720 to 2340 A. with 
three maxima. Several willemite screens. X-ray intensifying screens, 
and one fluoroscopic screen also showed ultra-violet fluorescence. 

2 . Visible * Fluorescence .—One or more bands in the visible spectrum 
were emitted by all the salts showing ultra-violet fluorescence, except 
barium and radium sulphates, and also by ZnO, Cdl, Cu 2 Io, HgCl, and bv 
the uranyl salts. 7 

Changes of colour were observed when certain chlorides were exposed 
to X-rays. r 

A description is given of a photoelectric photometer for measuring 
distribution of intensity in the spectrograms. A. B. W. 

538. The Reflection of the Characteristic Rdntgen Rays of the Chemical 

Elements of a Crystal by Means of the Latter. B. Walter. (Zeits. f. 
Physik, 20. 5. pp. 257-271. 1923.)-Recently Clark and Duane made the 
remarkable observation [see Abstract 2202 (1923)] that in the spectrum 
obtained according to the Bragg method with crystal and ionisation 
chamber, not only were the lines of the anti-kathode metal of the tube 
obtained, but also those of the chemical elements of the crystal and with 
about the same intensity. These experiments were carried out with 
crystals containing Br. I, and Cs. The present author describes in detail 
a comprehensive experimental investigation of the phenomenon in which 
the crystals lines of Clark and Duane were found to be too feeble for 
measurement, and he cannot account for the discrepancy. In addition, 
the spectra of Clark and Duane exhibit on the long wave side of the 
absorption bands of the elements named a very steep falling away which 
is not present m the author's spectra and. which, according to current 
^formation as to the course of the intensity in the continuous spectrum 
of a Rdntgen tube, does not correspond with reality. H. H. Ho. 

539. The Effect of a Magnetic Field on the A bsorption of X-Rays. J. A. 
Becker. (Phys. Rev. 22. pp. 320-323. Oct.. 1923.)-A continuation 
of previous work [Abstract 170 (1923)] with improved specimen holders 
and technique. Iron, aluminium, and carbon showed no changes in the 
absorption coefficient as great as one part in 10.000 (due to a magnetic 
field of 17,000 gauss) when the tube was operated at 90 kv. peak. Carbon, 
wood, and lithium also showed effects smaller than the limit of accuracy 
of the apparatus—2 parts in 10,000 for 61 kv.. 4 parts in 10.000 for 46 kv.. 
and 10 parts in 10.000 for 30 kv. If the effect exists, then, it is very 

sma11 - AUTHOR. 

540. An Experimental Check of the Optical Theory of X-Ray Reflection. 
P. Kirkpatrick. (Phys. Rev. 22. pp. 414-419, Nov., 1923.)— Ab¬ 
sorption Coefficient .—The effective absorption coefficient of rock salt 
for first order ( 100 ) reflected X-radiations has been determined from 
a study of transmission reflection as a function of crystal thickness, 
according to the method of Bragg, James, and Bosanquet. for five wave¬ 
lengths between 0-24 A. and 0-59 A. The results are well represented 
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by the equation fi — 189A 3 ® -f 0-43. where A is in Angstrom units. 
The secondary extinction coefficient, due to irregularities of the crystal, 
was also obtained by subtracting the ordinary absorption coefficient /z 0 
from [i, and was found to conform to the equation e = 190A 4 ®. The 
primary extinction coefficient was assumed to be negligible. 

Variation of the X-Ray Reflecting Power of (100) Rock Salt for First 
Order, with Wave-Length*— For this simple case, the Darwin-Bragg equa¬ 
tion, based on optical theory, reduces to: Reflection coefficient 
= const, x A 2 (l -f cos 2 20)/p. cos 0. Using the experimental values of fi, 
the theoretical variation with A is found to be much more rapid than 
that indicated by experimental data given by various other observers. 
Possible reasons for this discrepancy are suggested. Author. 

541. The Value of c in the Relation p/p = cA 3 -f k. K. A. Wlng&rdh. 
(Zeits. f. Physik, 20. 5. pp. 315-316, 1923.)—In a previous paper (Dis¬ 
sertation Lund,. 1923) the author obtains the relation fx/p = cA 3 -f k 
connecting the absorption coefficient p./p with the wave-length A for 
short wave-length X-rays (0-156 to 0-254 x 10” 8 cm.). The values 
of c for different elements were determined and are given in the second 
column of the table below. In the present paper another method of 
„ calculating c is given and the results, shown in column 3. found to agree 
well with those previously obtained. 


Element. 

e. 

j 

2. 

A1 . 

15-6 

15-5 

Co. 

136 

134 

Cu. 

169 

165 

Zn. 

200* 

183 

A g. 

660 

687 

Sn. 

780* 

• 

825 


• Approximate only. 


The quantity c is shown to be proportional to Z 2 '® 5 where Z is the 
atomic number of the element. A. B. W. 

542. Polarisation of X-Rays as a Function of Wave-Length. P. 
Kirkpatrick. (Phys. Rev. 22. pp. 226-232. Sept., 1923.)—(1) As a 
Function of Wave-Length .—Rays from a Coolidge target were caused to 
fall upon a block of paraffin, and the relative intensities of the secondary 
rays scattered in a plane normal to the primary rays and in directions 
respectively parallel and perpendicular to the primary kathode rays, 
were determined by ionisation chambers connected to string electrometers. 
In a qualitative way, the polarisation was shown to be greater for the 
shorter wave-lengths, by the effects of various filters ; also the secondary 
radiation was found more penetrating in the direction of maximum 
scattering than at right angles. Quantitative results were obtained from 
the observed changes in the total primary polarisation as the form of the 
spectrum curve was changed in a known manner by the insertion of 
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absorbers in the primary beam. For a maximum voltage of 68 kv., the 
ratio of components increased from 0• 835 at 0• 3 A. to 0• 98 for 1 A. Thus 
even the shortest wave-lengths (0-22 A.) were not completely polarised. 
(2) As a function of voltage, the mean polarisation decreased as the maximum 
voltage increased from 26 to 64 kv., the corresponding component ratios 
increasing from 0-77 to 0-92. The results indicate that even for a very 
thin target the polarisation would decrease as the kathode-ray velocity 
increased. Author. 

543. Filtration of X-Rays. P. Lamarque. (Arch. d’£l. M6dicale, 

31. pp. 297-312. Sept., and pp. 321-324. Oct., 1923.)—After dealing with 
the laws of absorption and emission of X-rays, the author discusses the 
various methods of filtering X-rays (by the use of metal screens) for 
medical purposes. A. B. W. 

544. Atiotnalous Reflection of X-Rays in Laue Photographs of Crystals. 
R. W. G. Wyckoff. (Am. J. Sci. 5. pp. 277-287. Oct.. 1923.)—Spectro¬ 
scopic observations by Clark and Duane [Abstract 2202 (1923)] have 
pointed to the existence of intense diffraction effects which could not be 
explained as " reflections ” from any imaginable atomic planes. The 
positions of these “ X-peaks ’* have been defined by these authors for 
various angles of diffraction. With the experimental methods now 
described it has not been found possible either to reproduce the published 
Laue photographs or to find any evidence for the existence of X-peak 
diffractions in crystals of potassium iodide. It is made clear that no 
anomalous effects are discernible. Hazy diffraction effects, probably 
arising from a distortion in the crystalline arrangement, have, however, 
been observed and briefly described. The data from these Laue photo¬ 
graphs are in complete accord with the previously assigned " sodium 
chloride arrangement" of the atoms in crystals of potassium iodide. 

A. B. W. 

545. Diffusion of X-Rays and Bragg's Law. F. Wolfers. (Comptes 

Rendus, 177. pp. 769-762, Oct. 22, 1923.)—The departures from Bragg’s 
law can be explained in a manner compatible with the theory of quanta, 
if we assume that diffusion in a crystal is of the same nature as in any 
other body. . A. D. 

546. Crystal Powder Analysis by X-Rays. J. Brentano. (Nature, 
112. pp. 652-653, Nov. 3, 1923.)—For the purpose of making more 
accurate comparative intensity measurements by the photographic 
powder method (Debye and Scherrer, Hull, Seeman. Bragg, and others), 
and also of obtaining sharper lines without recurring to long exposures, 
an arrangement has been tried in which a thin layer of powder and a 
beam of greater angular width are used. The author states that a more 
complete description of the apparatus will be given elsewhere. A. B. W. 

547. The X-Ray Examination of Metals. W. J. Wiltshire. (Rdntgen 
Soc., J. 19. pp. 155-162, Oct., 1923.)—For examining large specimens of 
metal for flaws on a routine basis, penetrating radiations with high 
voltages and a considerable current are required, and apparatus which 
can work continuously all day. Scattering in the metal itself, in the 
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photographic plate, and in the intensifying screen, if this is used, is of 
the greatest importance. A great deal of radiation comes from other 
parts of the tungsten target of a Coolidge tube besides the focal spot, 
and this interferes with good definition ; two diaphragms with very small 
apertures may be used to cut off the disturbing rays, greatly improving 
matters. In the Research Department at Woolwich Arsenal fluorescent 
screens are sometimes employed, viewed by means of a mirror, so as to 
avoid injury by X-rays; but for many purposes the images are radio¬ 
graphed on radio-print paper, as many as 2000 articles being examined 
per day with one X-ray outfit. H. N. A. 

548. L-Series Absorption Spectra of the Elements La (57) to Hf (72). 

D. Coster, Y. Nishina, and S. Werner. (Zeits. f. Physik, 18. 3-4. 
pp. 207-211, 1923.)— Results are given of a determination of the absorp¬ 
tion constants in the L-series of the series of elements La to Hf. These 
results explain certain discrepancies observed by Bohr and by Coster 
in the " Niveau ” curves in the region of the rare-earths. A. B. W. 

549. Intensity of X-Ray Spectrum-Lines at High Voltages. G. Kctt- 
mann. (Zeits. f. Physik, 18. 6. pp. 359-371, 1923.)—A description is 
given of a method of photographic intensity measurement of X-ray 
spectrum lines. Intensity voltage curves are thereby obtained experi¬ 
mentally for the K-series of chromium, copper, and silver, and for the 
L-serics of lanthanum and lead. The results are in agreement with 
earlier observations of Webster [Abstract 1046 (1916)] and Wooton 
[Abstract 438 (1919)], using other substances and a lower range of voltage. 
At high voltages the intensity of the lines reaches a maximum, the 
limit being determined by absorption of the X-rays in the antikathode. 
The theoretical bearing of the results is discussed in conclusion. A. B. W. 

550. Continuous X-Ray Spectrum for Different Discharge Frequencies. 

A. Karolus. (Ann. d. Physik, 72. 8. pp. 595-616, Nov., 1923.)—Using 
an X-ray tube excited by a.c. of 50 to 500 frequency, important depar¬ 
tures from Lilienfeld’s relation (A = 12-3for the limiting wave¬ 
length have been experimentally observed. A. B. W. 

551. The Spectrum of Scattered X-Rays. A. H. Compton. (Phys. 

Rev. 22. pp. 409-413, Nov., 1923.)—The spectrum of molybdenum K a 
rays scattered by graphite at 45°. 90°, and 135° has been compared with 
the spectrum of the primary beam. A primary spectrum line when 
scattered is broken up into two lines, an " unmodified " line whose wave¬ 
length remains unchanged, and a " modified " line whose wave-length is 
greater than that of the primary spectrum line. Within a probable 
error of about 0-001 A., the difference in the wave-lengths (A—A 0 ) increases 
with the angle 9 between the primary and the scattered rays according to 
the quantum relation (A — A 0 ) = A (1 — cos 9), where A — h/mc = 0 -0242 A. 
This wave-lengths change is confirmed also by absorption measure¬ 
ments. The modified ray does not seem to be as homogeneous as the 
unmodified ray; it is less intense at small angles and more intense at 
large angles than is the unmodified ray. An X-ray tube of small diameter 
and with a' water-cooled target is described, which is suitable for giving 
intense X-rays. . Author. 
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RADIO-ACTIVITY. 

552. Radio-Activity of Mineral Springs. C. Viola. (Accad. Lincei, 

Atti, 32. ii. pp. 7-11, July, 1923.)—An investigation of the mineral waters 
of S. Andrea di Medesano. The radio-activity runs from 3-38 to 11-2 
Mache units in the different springs. A. D. 

553. The Relative Activities of Radio-Active Substances in an Unchanged 

Primary Uranium Mineral. W. P. Widdowson and A. S. Russell. 
(Phil. Mag. 46. pp. 915-929, Nov., 1923.)—Boltwood found that in such 
a mineral about 2-2 atoms of uranium break up for one of each of its 
disintegration products, and that the total activity due to the actinium 
series is about 28 per cent, of that of uranium taken as unity. Hahn 
and Meitner found 3 per cent, for the last-named quantity, and Meyer 
4-2 per cent., while Rutherford suggested that 8 per cent, of the parent 
substance was transformed into the actinium series. The authors describe 
the methods employed by them in a careful repetition of part of Boltwood's 
work, using the improved chemical methods which have been developed 
since 1906; the results agree with those of Boltwood on the lowness 
of the relative activity of the uranium mineral as compared with that 
of the uranium it contains, but disagree on the relative activities of 
polonium, ionium, radium, and uranium ; for these the values found 
are close to the theoretical values. The ratio of the activity of the actinium 
series to that of the radium series is 0 029, in agreement with Hahn. 
It is concluded that measurements along the lines employed cannot 
decide whether the actinium series arises as a branch of the uranium 
series, or comes independently from an isotope of uranium. The ratio 
of uranium to one of its disintegration products, corrected for the relative 
ionisation of these bodies is found to be 2 04, as compared with Bolt- 
wood's number 2-2. H. N. A. 

554. A Method of Measuring a Large Radiation from a Radio-Active 
Substance. (Miss) S. Maraclneanu. (Comptes Rendus, 177. pp. 682-686, 
Oct. 16. 1923.)—For small voltages the curve of saturation is a straight 
line, and Ohm’s law holds; with uniform ionisation i = sehn^ + h 2 ), 
where i is the ionisation current, e the charge of an ion, n 0 the concen¬ 
tration of the ions, h the field intensity. and h 2 the mobilities of the 
positive and negative ions, s the effective surface of the upper plate of 
the ionisation chamber. The saturation current is I = sNde, where N 
is the number of positive and negative ions produced, in unit time, in 
unit vo lume of the gas, and d is the distance between the plates. Now 
n = VN/a, where a is the coefficient of recombination, and it follows 
that i is proportional to Vl, or vT/i = K. so that it is possible by 
measuring i to _find the value of I. Measurements were made which 
showed that Vl/i was nearly constant from I = 0-04666 up to 142-9 
(arbitrary units) for certain conditions of distance; and the author 
concludes that, in cases where I is too large to be measured directly, its 
value can be obtained, with considerable accuracy, by measuring i. 

H. N. A. 

555. Diffusion of Radio-Active Elements in Metals. L. Wertenstein 
and (Miss) H. Dobrowolska. (J. de Physique et le Radium, 4. pp. 324- 
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332, Sept., 1923.)—Employing a method applicable to the diffusion of 
radio-active elements in metal layers and based on the observation 
of scintillations, the authors have studied the diffusion of RaB -f C and 
of Po in the elements gold, silver, and platinum at ordinary temperatures. 
The principle of the method is as follows: A thin layer of the metal is 
coated on one side only with the radio-active substance. If the substance 
emits a-rays it is desirable to choose the thickness of the metal layer 
just sufficient to absorb the rays completely. In these conditions a 
zinc sulphide screen is placed in contact with the inactive side of the 
metal sheet. At first the screen shows no scintillations (or only a few 
due to long-range a-particles—see Rutherford’s papers). As the diffusion 
of the radio-active material into the metal progresses scintillations appear 
on the ZnS screen and their number steadily increases. By observing 
the rate of increase with time and thickness of layer the diffusion constant 
can be determined accurately. 

Employing this ingenious method, the following results have been 
obtained : 


Metal. 

Screen Diffusion Coefficient 

x 10 * an.tyday. 

Silver. 

3-77 

Gold . 

8-2 

Platinum . 

3 41 


The coefficients of diffusion in all the metals studied are of the same 
order of magnitude. They do not follow the order of fusibilities but rather 
the inverse order of hardness of the metals studied. It is remarkable 
that the coefficient of diffusion of Po in gold is approximately only 
1/1000 of the coefficient of diffusion of RaC in the same metal. It is 
suggested in explanation that gold and Po form a chemical compound, 
hence the diffusion is abnormally slow. . A. B. W. 

556. The Short-Lived Radio-Active Products of Uranium. W. G. Guy 
and A. S. Russell. (Chem. Soc., J. 123. pp. 2618-2631, Oct., 1923.)— 
Hahn has recently found that a new radio-active product, uranium Z, 
is always present in very small amount (about 0-2 per oent.) in a solution 
of UX, and is an isotope of proto-actinium, half-value period 6-7 hours. 
The authors describe the method used by them in separating this sub¬ 
stance. A solution of tantalum was added to the UX solution, which 
was then boiled, and substances of atomic number 91, including UZ, 
were precipitated ; three determinations of the half-value period gave 
6-70, 6-69, and 6-69 hours in agreement with Hahn. Assuming'with 
Hahn that UX t breaks up, partly into UX 2 and partly into UZ. the 
branching ratio has been measured, and the value 0-9967 to 0-0033 
obtained. Hahn found 0-9965 to 0-0035. The absolute value of this 
ratio cannot be known,, however, until the relative ionisations of equal 
numbers of j8-particles from UX 2 and UZ are known ; there is no simple 
way of arriving at this at present. The half-value period of UX 2 was 
found to be 70-5 seconds, or 1-175 minutes, in good agreement with 
Hahn’s and Meitner’s 1 • 17 minutes and a little higher than Fajans’ and 
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Gohring’s 115 minutes. Hahn and Meitner found for UY the half¬ 
value period 25-5 hours ; the authors find 27-8 hours. The equilibrium 
ratio of UY to UX, in preparations of uranium, has been measured 
as 1-031. This is higher than, but of the same order as, Hahn’s value, 
and is very close to the values obtained for the equilibrium ratio of 
proto-actinium to ionium (0-03), which may be expected to be the same. 
Hahn's scheme for representing the position of UZ in the disintegration 
series is regarded as most probable. A suggestion is made connecting 
periods of substances and their equilibrium ratio. H. N. A. 

557. Colouring of the Diamond by Radium Radiation. S. C. Lind 

and D. C. Bardwell. (Frank. Inst., J. 196. pp. 521-528. Oct., 1923.)— 
The results of various investigators attempting to colour the diamond 
by radium radiation have not been entirely uniform and in the main 
were unsuccessful. Doelter classes diamonds as the most difficult of all 
minerals to colour, and reports for the most part failures or very slight 
colouring. On the other hand, Crookes obtained in a few cases bluish- 
green and sage-green colours, and A. Miethe produced a yellow colour 
from a colourless diamond in one instance. As reported in a preceding 
paper [see Abstract 2217 (1923)], the author has found that all minerals 
except diamond, that can be coloured by radium radiation, are coloured 
by the penetrating (beta and gamma) rays transmitted through the glass 
tube containing the radium salt. As the result of the present experiments, 
it is found that the diamond is not coloured by the penetrating radiation 
from radium salt in glass tubes 0-5 to 1 mm. thick. Diamond is always 
coloured green by direct radiation, either from high-grade radium salt 
or from the gas—radium emanation. No exceptions are met in more 
than 30 specimens. The green colour is apparently light-permanent, 
but can be removed by heating to a dull red. Yellow and brown diamonds 
are also coloured green, but are restored, by heating, to their original 
colours. In the case of large deep brown stones the colour masking by 
green is not complete. Rccutting the crystal after colouring removes 
the green colour. This is possibly a heat effect during cutting and does 
not prove that the colour is merely a surface effect. The depth of 
penetration of the colour zone could not be determined. If it is an 
alpha-ray effect, it wpuld be limited by a range of alpha-rays in diamond, 
about 0-001 inch. But reflection of green light from the highly polished 
surface interferes with optical observations. Radiation by emanation is 
more effective than by salts, owing to the greater absorption of a-rays 
by the salt itself. In some cases in emanation, but never in salt, the 
radiation resulted in the production of " carbon spots " in the interior 
of the crystal. The black spots are probably a form of carbon, the nature 
of which was not definitely determined. They can be removed by pro¬ 
longed heating in a blast flame. The " carbon spots " are undoubtedly 
beyond the range of a-rays in the crystals, which suggests that the colour 
may be penetrating also and that both are produced by some form of 
secondary radiation more penetrating than a-rays. A. E. G. 

558. Investigation of the Alteration of Colour of Crystals by Radium 
Rays, using Ostwald’s Method of Colour Measurement. P. Ludewig and 
F. Reuther. (Zeits. f. Physik, 18. 3-4. pp. 183-198. 1923.)—A special lead 
container was employed with a place for the radium preparation at the 
centre, and holders for the crystal plates placed regularly round it, so 
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that all receive equal radiation ; the container was designed so that it 
could be placed in a safe, in which other radium preparations were kept, 
and the lead was thick enought to prevent these from affecting the crystals ; 
the thickness of the crystals was confined to 2 mm., so that the field of 
radiation should be sufficiently homogeneous in each crystal. The radia¬ 
tion could, when necessary, be passed through a brass filter, 1 -5 mm. thick, 
before falling on the crystals. In Ostwaid’s method of colour measure¬ 
ment the colour tint and the amounts of white and of black mixed with 
it are separately measured ; in other words, the effects of selective and of 
general absorption are determined. The Ostwald chrometer did not 
prove sufficiently accurate in measuring the amounts of white and of 
black, and a half-shadow photometer was added to it for this purpose. 
It was found that sylvine, which was rapidly coloured by the radium rays, 
lost its colour so rapidly in daylight that no measurements could be taken. 
Rock salt on the contrary holds its colour well, and remains unaltered in 
the dark for several months. The tint was No. 7 to No. 8 in Ostwald’s 
scale; the amount of white diminished on exposure, very fast at first, 
and afterwards slower; but did not reach a limiting value in 66 days ; 
the amount of black remained nearly constant, the amount of the full 
tint consequently increased, quickly at first and afterwards more slowly, 
without reaching a limiting value. The crystals coloured with and 
y-rays, and those coloured only with hard y-rays, showed qualitatively 
the same relations, though when the /?- and soft y-rays were filtered out, 
the coloration proceeded at a lower rate. H. N. A. 

559. Determination by a Chemical Method of the Mean Effective Path 

of Alpha Particles in Small Spheres. S. C. Lind and D. C. Bardweil. 
(Am. Chem. Soc., J. 45. pp. 2585-2592, Nov., 1923.)—In studying the rela¬ 
tion between ionisation and chemical reaction, in gases containing radium 
emanation (radon), the ionisation cannot be measured, but must be 
calculated from the quantity of radon and the mean path of the a-particles 
in the gas being acted upon. If spherical reaction vessels are used, the 
mean path of all the a-particles from radon atoms is 0-75r, where r is the 
radius of the sphere, if this is small enough to allow all the a-particles 
given off by the radon atoms to reach the glass walls. The mean path 
from points on the inner surface, where RaA and RaC are sending*out 
a-particles, is 0-5r; but there is doubt as to the amount of these sub¬ 
stances, and a method is suggested for settling this, in which the radon, 
instead of being mixed with the gas, is contained in a minute bulb at 
the centre of the larger bulb, so that all the a-particles travel a distance r 
before they reach the walls. O and H were placed in the large bulb, and 
the change in pressure due to chemical union between them owing to 
the ionisation caused by the a-particles was measured, and this was 
compared with the result obtained when the radon was mixed with the 
gas by breaking the small bulb. After a number of corrections were taken 
into account, it was found that the mean effective path of the a-particles 
(in mixtures) is 0-61 ±0-01 x the radius of the bulb. H. N. A. 

560. Characteristics of the Alpha-Ray Bulb as a Source of Ionisation. 
D. C. Bardweil and H. A. Doerner. (Am. Chem. Soc., J. 45. pp. 2593- 
2599, Nov., 1923.)—Deals with the corrections used in the paper by 
Lind and Bardweil [see preceding abstract]. The small bulb at the 
centre of the larger one, in which the radon was at first confined, has a 
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capillary connection at one end and a small tip of thickened glass at 
the other. Both of these intercept a-rays, and this loss must be allowed 
for; the radius of the a-rav bulb must also be taken into account, also 
the obliquity of passage of the rays through the glass wall, and the. 
change of ionisation along the path, as expressed by the Geiger curve. 
A dead arm, containing gas which is not radiated, is necessary in mounting 
the a-ray bulbs, and the effect of this must be considered, and the change 
of ionisation intensity with pressure. When the radon is mixed with 
the gases which are being Acted on ionisation is produced by the recoil 
atoms. This is not the case when the radon is confined to the a-ray 
bulb, and this difference in the conditions of the two experiments must 
be taken into account. H. N. A. 

561. The Effect of Deviations from the Inverse Square Law on the 

Scattering of a-Particles. E. S. Bieler. (Cambridge Phil. Soc., Proc. 
21. pp. 68&-700, Nov., 1923.)—To explain the occasional large angle 
deflections, when a beam of a-particles passes through a thin film of 
matter, Rutherford proposed the nuclear theory of the atom in 1911, 
and showed thereby that almost the whole of the scattering is due to the 
inverse square law electrostatic field of the heavy central nucleus, and 
that the scattering due to the electrons may be neglected. Confirmatory 
experimental work was carried out by Geiger and Marsdcn, and by 
Chadwick [see Abstract 366 (1921)]. Experimental work by the present 
author, to be published shortly, indicates that when the distance of 
closest approach of the a-particle to the deflecting nucleus becomes very 
short the scattering is less than would be expected on the inverse square 
law. This decrease finds an explanation on the assumption that, in 
addition to the inverse square law repulsive force between the nucleus 
and the a-particle, there is an attractive force varying inversely as a 
higher power of the distance than the second. The calculations for such 
combined laws of force are now placed on record and are dealt with 
under the headings : The Scattering under any Law of Force ; The Orbit 
of the a-Particle in the Combined Field of Force ; The Inverse Cube 
Law; The Inverse Fourth Power Law; The Correction for the Motion 
of the Nucleus; The Apsidal Distance. The paper is entirely mathe- 
matfcal, and the author hopes that these laborious calculations will prove 
of use to other workers in this field. H. H. Ho. 

562. A Relation between the Energies of a-Rays and the Atomic Numbers 

of the Elements. L. Myssowsky. (Zeits. f. Physik, 18. 6. pp. 304-306, 
1923.)—Ellis showed that a relation of the form E = hv — co exists between 
the energy of secondary /3-rays emitted under the action of y-rays, for 
light elements. Also the curves representing the energy of secondary 
/3-rays for W, Pt, Pb, and U under y-rays of RaB against atomic numbers 
consisted of three straight lines. The author shows that a similar relation¬ 
ship exists between the atomic numbers of radio-active elements and the 
energies of their a-rays using the velocities given by Geiger. The mean 
difference between the a-rays from isotopes is constant, but RaC, ThC, 
AcC, and U II do not lie on the straight lines. Th is not accurately placed. 
Little resemblance to the /3-ray curves of Ellis is to be expected for reasons 
connected with the conditions of emission, but there may be some con¬ 
nection with the Geiger-Nuttall rule. W. V. M. 
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563. Measurement of Very High Temperature. I. O. Griffith. 
(Nature. 112. p. 689, Oct. 20. 1923.)—Lummer’s results (1914) for the 
temperature of an arc burning in a gas at high pressure are stated to be 
unsatisfactory, the figures being nearly 3000° too low. The experiments 
are repeated and extended, with modifications of method. The ratio of 
the intensities of the emitted light at two wave-lengths as far as possible 
apart is determined. The intensity is measured both by Merton’s wedge 
method, and by making use of the photoelectric effect. A temperature 
of 8620° is recorded for the arc in nitTOgen at 80 atmospheres pressure. 

A. B. C. L. 

564. Temperature Measurement with the Einthoven Galvanometer. 

F. Adcock and E. H. Wells. (Inst. El. Eng.. J. 61. pp. 1115-1120, 
Oct., 1923.)—The object of the work here discussed is the investigation 
of the relationship between the temperature of the gas forming the charge 
of the gas engine and the thermometric record obtained. Attention is 
devoted particularly to the platinum resistance thermometer used in an 
unbalanced bridge with the Einthoven galvanometer. The force on the 
fibre of the galvanometer is considered and various types of fibre are 
compared in regard to their suitability. W. R. C. 

565. A New Recording Kata-Thermometer. E. H. J. Schuster. 
(Joum. Sci. Instruments, I. p. 30. Oct., 1923.)—The thermometer has 
its bulb uppermost, filled with toluene, and its stem bent to the form of a 
U. filled with mercury. The bulb contains a small heating coil; in the 
stem three wires are fused, one at 100°, one at 95°. and one lower down. 
Electric current is passed through the heating coil, but when the mercury 
reaches the wire at 100°, the current is diverted to pass into the circuits 
in the recording mechanism, and the bulb is cooled by the surrounding 
air. When the mercury drops to 95°, the current is once more diverted 
to the heating coil, and so on. The recording mechanism is, effectively, 
an electric clock with a magnetic clutch. By means of the apparatus, 
the time to cool for various external conditions can be obtained, and 
hence the rate of loss of heat in calories per sq. cm. per sec. calculated. 

W. G. B. 

566. Thermal Conductivities. W. B. Brown. (Phys. Rev. 22. 
pp. 171-179, Aug., 1923.)—Thermal conductivities of some metals and 
eutectic alloys above and below their melting-points. 50° C. to 400° C. 
Drop of conductivity at the melting-point. Polymorphic change in 
thallium at 120° C. Eutectic alloys in fused state at 300° C. with tempera¬ 
ture coefficients close to those for gases at the same temperature. A. D. 

567. Recording Drum. C.\V. Boys. (Journ. Sci. Instruments. 1. 

pp. 26-28, Oct., 1923.)—Description of gearing as used in Boys’s inte¬ 
grating and recording gas calorimeter, made by Griffin ; one revolution a 
month. Arrangement of pen is given. A - D * 

vol. xxvii. — a. —1924. O 



194 


SCIENCE ABSTRACTS. 


568. Theory of Specific Heats. E. Cs&sz&r. (Zeits. f. Physik, 19. 3. 

pp. 213-220, 1923.)—In this paper it is shown mathematically that in 
the theory of specific heats and black radiation it suffices to assume the 
presence of a discontinuity in the action of the atoms, some deviation from 
the classical laws, in the vicinity of the absolute zero. Thus, only those 
atoms behave with discontinuity, which are in the state to which the 
aggregate of the atoms are reduced when the whole body is brought near 
to the absolute zero, the other atoms follow the laws of classical physics. 
As to the nature of the discontinuity, various hypotheses are possible 
[see Abstract 446 (1913)]. E. H. 3. 

569. The Specific Heats of Air for the Ranges of Temperature 0 ° to 
200° and - 80° to 250°. M. Jakob. (Zeits. techn. Physik, 4. 12. 
pp. 460-468, 1923. From the Reichsanstalt.)—The equation of the 
isothcrmals of air for the temperature range 0° to 200° C. and for pressures 
between 0 and 75 metres of mercury, deduced from the results obtained 
by Holborn and his co-workers [see Abstracts 92 (1916). 481 (1921), and 
2304 (1922)], are employed to calculate the respective values of the specific 
heat of air at constant pressure (Cp), and of Cp — C v for the 
temperature range — 80° to 250°, the thermodynamic equations 
C p - <£(T) - T/p^/dT^tJp/J. and C p = C„ = - T(*)i»/i>T) 2 /J being 
used in the calculations. The results are compared with values deduced 
in other ways by various physicists, and the comparison used to deduce 
the most probable values of C p and C„ for air between — 80° and 250° C., 
at pressures ranging from 0 to 200 + 10 4 kgm. per sq. metre. Values of 
Cp. C p . C p — Cp and of Cp/C p so calculated are tabulated for temperature 
intervals of 50° C. and for pressure intervals of 50 x 10 4 kgm. per sq. 
metre throughout the respective ranges. Calculated results are as 
follows: 


nr -4 1> 

Ikg.m-*). 

I . 

-70 3*. 

B 

0*. 

D 

m 

200*. 

260’. 

0 

1 


' 

0-241 

0-241 

0-241 

0-241 

0-242 

0-244 

0-246 

60 




0-317 

0-283 

0-265 

0-257, 

0-253 

0-249, 

0-249, 

100 


• Cp .. - 


0-416 

0-326. 

0-287 

0-272 

0-263, 

0-255, 

0-264 

160 




0-496 

•* 

0-305 

0-284, 

0-272, 

0-260, 

0-268 

200 

J 


. 

0-516 

0-380 

0-320 

0-295, 

0-280, 

0-265 

0-262 

0 




0-172 

0-172 

0-172 

0-172, 

HJJ1 

0-175, 

0-176 

60 


• 


0-185 

0-178 

0-175, 

0-176 

F'O 

0-176, 

0-177, 

100 , 


kp . J 


0-196 

0-182, 

0-178 

0-178 

I'O ffll 

0-178 

0-179 

160 




0-206 

0-186 

0-179, 

0-179, 

0-179 

0-179, 

0-180 

200 




0-215 

0-188, 

0-181 

0-181 

0-181 

0-181 

0-181 


Above — 50° C. the values given are considered to be correct probably 
to within 1 or 2 % ; at — 80° C. the error is possibly of the order of 3 to 
4 %. J. S. G. T. 


570. The Influence of Initial Pressure and Temperature of Previous 
Cooling in the Liquefaction of Hydrogen. W. Meissner. (Zeits. f. Physik, 
18. 1. pp. 12-25, 1923. From the Reichsanstalt.)—In the liquefaction 
of hydrogen by the Linde-Hampson method, liquid air is used for the 
initial cooling and the pressure before expansion ranges from 120 to 220 
atmospheres. Opinions differ as to the conditions which give the best 
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yield of liquid H, and for this reason the author discusses them theoretically. 
When expansion takes place the pressure falls to approximately one 
atmosphere. Taking 1/ti, i.e. the fraction of the gas passing through the 
nozzle which is liquefied, as the best practical measure of the efficiency 
of the machine, and denoting by the index 1 the gas before expansion 
and by index 0 after expansion, we have q = tj — (1 — 1/m)i 0 if q denotes 
the energy remaining in the apparatus, and t = u -f pv, where u = energy 
and v = volume per gram. If the subscript / refers to liquid state 
and 2' to gas state after expansion and r 2 = latent heat of evapora¬ 
tion for state 2', then q = if/n = (i 2 — r 2 )/w. Hence we have 
1/v = - (*! - i 0 )/(r 2 + i 0 A » t /('2 + *o — »*)••• (!)• Here 

Atj may be called the isothermal nozzle effect at a temperature T. Hence, 
since the denominator of this expression does not depend on the initial 
pressure, the value of 1/n is a maximum when Air is a minimum, the 
initial temperature being constant. Applying the laws of thermo¬ 
dynamics it is shown that 1/m is a maximum for such values of p as make 
J)/t)T(t»/T)^, = 0. or (bv/bT) Pl — «>/T .. . (2), which is the condition for 
the inversion curve of the Joule-Thomson effect. Hence 1 /m is a maximum 
for pairs of values of p and T which lie on this curve. The values thus 
obtained for 1 /m are relative maxima which hold for constant initial 
temperature T. The question now arises whether we can have an absolute 
maximum of 1 /m. For this to be the case, besides having (DAit/i)/>)t — 0 
we must also have (DAir/dT^ «* 0. and these two curves must have 
a common point. The values of p and T for this point would give an 
absolute minimum for Aij. The condition for this second curve, for 

which (DA»t/J)T)^ = 0 is found to be («) 2 /<)T 2 )pJ vdpj = 0. An 

absolute minimum of Ai T is not. however, identical with an absolute 
maximum of 1/m, since the denominator of (1), although independent 
of />,, is not independent of T. since * 0 depends on T. Hence the curve 

(DA»t/*>T)£ = 0 is not identical with the curve 


WH 


0. This 


last condition requires (1/J)T)(c)A* T /i>T)p = (l/r 2 + t 0 - i^iJbT) p 
= cpol( r 2 + *o — **) • • • (4). The right-hand side of (4) is + ve, but 
A«t is — ve for all points of the inversion curve. Hence (dAi-r/dTlp 
must be — ve, if (4) is satisfied for a point on the inversion curve. For the 
higher temperatures of the inversion curve it is known to be -f ve. There¬ 
fore, condition (4) is certainly not satisfied when (3) does not cut the 
inversion curve. In order to investigate (3) the author introduces 
" corresponding ” values of temperature, pressure, and volume, i.e. ratio 
to critical value, and expands his expressions in series: In the rest of 
the paper the author gives the necessary calculations with tables of values 
of constants involved. He plots the curves (dAtx/d/OT = 0, and 
(bAiylbT)p = 0, and shows that they have no common point and there¬ 
fore there is no absolute maximum of 1/m. Finally, he calculates 1/m 
from (1) and finds that for T 0 = 80. /»< = 165 atmos., 1/m = 0-177. For 
T 0 = 66-4, pi = 161 atmos., and 1 /m + 0-266. The value obtained in 
practice is generally lower and hence there is probably room for improve¬ 
ment in carrying out the process. T. B. 

571. The Absorption Capacity of Blackened Surfaces at Ordinary 
Temperatures. G. Michel and A. Kussmann. (Zeits. f. Physik, 18. 6. 
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pp. 263-271, 1923.)—The two methods hitherto in use for the measure¬ 
ment of absorption capacity are first described, viz. the reflection method 
of Angstrom and that based on emission as used by Crova and Compan, 
Kurlbaum, and Rubens and Hoffmann [see Abstract 1178 (1923)]. 
Differences between the results afforded are first discussed, following 
which comes the very full description of a new modification of the emission 
method which renders possible the measurement of absorption capacity 
at ordinary temperatures. The materials investigated were Crova’s 
soot and the mixture of soda, water glass, and soot described by Rubens 
and Hoffmann. The temperature dependence of the true emission capacity 
assumed by Rubens and Hoffmann and established by Hoffmann for the 
temperature interval 184-100° C. has been confirmed by the present 
measurements. H. H. Ho. 


572. Vapour Pressure and Density of Sodium Chloride Solutions. W. R. 
Bousfield and C. Elspeth Bousfield. (Roy. Soc., Proc. 103. pp. 429- 
463, June 1. 1923.)—A series of accurate determinations of the vapour 
pressure of aqueous NaCl solutions at 18° C. to serve as a scale of reference 
for other determinations. The direct method of measurement was chosen. 
The chief difficulty to be overcome was the presence of air, either dissolved 
in the solutions and in the water, or adhering to the walls of the apparatus. 
The apparatus was designed so as to exclude air. 

The apparatus consisted of a U tube mounted on a barometer tube. 
The two limbs of the U tube could be hermetically sealed. One limb 
contained air-freed water and the other the solution under test. From 
the observations a standard table for the vapour pressure at 18°C. over 
the whole range of concentrations was deduced. A new table of densities 
of aqueous NaCl solutions correct to within ±2 in the fifth place of 
decimals is given. A simple method of obtaining approximate molecular 
weights is described. E * G< 

573. The Integration of the Equation of Heat Conduction. I. Runge. 
(Zeits. f. Physik, 18. 3-4. pp. 228-231, 1923.)—The equation of heat 

conduction: -^A(T)?^} = - t*cu(T)/? + 2\/^s(T) is integrated by 
dx ax 

the substitution u = A(T )dt/dx. M. H. A. N. 

574. The Quantum Theory of Vapour Pressure and of Dissociation. 

D. Enskog. (Ann. d. Physik. 72. 5. pp. 321-344, Sept. 28, 6923 .)—This 
is a mathematical paper in which the author, making use of Boltzmann s 
relation between entropy and probability and the Maxwcll-Gibbs relation 
between entropy and phase volume, deduces expressions for vapour 
pressure and dissociation in terms of the quantum theory. An expression 
for the entropy of polyatomic gases is also obtained. The paper is not 
suitable for a brief abstract. T. B. 

575. The Thermal Ionisation of Gases and the Fundamental Elementary 
Processes Involved. R. Becker. (Zeits. f. Physik. 18. 6. pp. 325-343. 

1923.)_A fundamental viewpoint of the mechanism of thermal ionisation 

is better obtained from a study of monatomic and mono-valent gases 
than from any other chemical reaction, and constitutes the subject matter 
of the present paper [see also Abstract 913 (1923)). Section 1 deals with 
the equilibrium formula according to quantum statistics. Section 2 
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considers the statistical weights of the various stationary states. Section 3 
investigates the emission and absorption mechanism of radiation processes. 
Section 4 then deals with the non-radiating emission and absorption of 
electrons. The paper is entirely mathematical. H. H. Ho. 

576. Quanta, the Kinetic Theory of Gases, and the Principle of Fermat . 
L. de Broglie. (Comptes Rendus, 177. pp. 630-632, Oct. 8, 1923.)- 
Planck and Nernst have shown that the idea of quantum must be intro¬ 
duced in the kinetic theory of gases, in order to calculate the constants 
of entropy, and the chemical constants, which are of such great importance 
in thermodynamics. The author, considering each atom of velocity fic 
as linked to a group of waves of which the phase velocities are V = r/0, 
the frequencies m^/hVl — ~f?, and the group velocities U = pc. shows 
that the number of atoms of total energy w in the element of volume is : 
const. (47r//» s )m5 /2 . V2w . dw . dx . dy . dz . e~"l kT , a result which justifies 
Planck’s method, and leads to the usual form of the law of Maxwell. 
Further information is obtained by introducing Fermat's principle, which 

can be put in the form = hf(mtficlh V 1 — p*)ds = 0. The 

fundamental bond which links the two great principles of geometrical 
optics and dynamics is thus plainly shown. Amongst the trajectories 
dynamically possible, certain have the property of being in resonance 
with the phase wave ; these are the stable trajectories of the Bohr theory 
for which fvdsfW is a whole number. It is to be observed that the integral 
of Fermat introduces the product of a frequency by a time, and the 
action is only introduced in consequence of the proportionality of energy 
and frequency. This proportionality constitutes one of the aspects of 
the connection between space and time, a connection which is by no 
means intuitive, as our usual experience has taught us to dissociate these 
two notions. T. B. 

. 577. The Thermal Equilibrium between Radiation and Free Electrons. 
W. Pauli, Jr. (Zeits. f. Physik, 18. 5. pp. 272-286, 1923.)—The thermal 
equilibrium between radiation and free electrons was investigated by 
Lorentz and Fokker on the basis of classical dynamics and afforded the 
result that not only the Planck spectral distribution of the radiation 
energy could not obtain in the presence of an electron in a radiation 
space, but that in addition the electron did not possess the amount of 
3/2 AT of average kinetic energy of translation demanded by the statistical 
heat theory. The important conclusion could therefore be drawn that 
the classical theory failed to account for the reciprocal effect of radiation 
and free electrons. The object of the present paper is therefore to derive 
a quantum mechanism for this reciprocal effect which will satisfy the 
thermodynamic demand that electrons with the Maxwell velocity distribu¬ 
tion and a Planck radiation field must be in equilibrium. Einstein’s 
general result for the reciprocal effect between radiation and material 
systems, e.g. atoms, is first discussed, and the deviations necessitated 
for the case of an equilibrium between radiation and free electrons pointed 
out. It is an essential assumption in Einstein’s considerations that the 
forces between the particles (electrons, nuclei, etc.) of the material system 
are great compared with those of the external radiation field, but in this 
case the former disappear and the latter alone are present. This has 
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the consequence that spontaneous transformations do not in general 
take place, and that only the translation energy of the electrons need 
be considered. The paper is mathematical throughout. H. H. Ho. 

578. The Employment of Selective Transparent Mirrors in the Radiation 

Theory. O. Halpern. (Ann. d. Physik, 72. 7. pp. 516-518, Nov., 1923). 
— I he author describes a selective transparent mirror as a plate which 
totally reflects radiation within definite frequency limits, but which 
transmits completely radiation of other frequencies. The problem as to 
whether the existence of such a mirror is compatible with the second 
law of thermodynamics has been the subject of discussion for a number 
of years. Wien's process for the complete transformation of heat into 
work by the aid of such a mirror has been critically examined by Reiche 
[see Abstract 824 (1908)], who declared it to be invalid and the second 
law therefore not violated. The present author now attempts to prove 
that the Wien hypothesis may be correct, although the proof submitted 
by Wien is fallacious. H. H. Ho. 

579. Physical Applications of Heaviside’s Expansion Theorem. E. P. 
Adams. (Am. Phil. Soc.. Proc. 62. 2. pp. 26-47. 1923.)—The expansion 
theorem may be stated as follows : Let p represent the operator 

and assume the solution of the differential equation satisfying the 
boundary conditions to be obtainable in the operational form 
v = Y{p)v 0 /Z(p), where v 0 is a constant, then the solution of the problem 

is v = t/ 0 {V(0)/Z(0) -rl.Y{p m )ePm t lp n Z\p m )}, where the p m denote the 

real roots of Z(/>) = 0 in ascending order of magnitude, and the 
summation is to be taken over all the real roots, except zero. This 
solution makes v = 0 at t = 0 . 

The problems of which solutions arc obtained are the distribution 
of temperature in (1) a cone of circular section, carrying a steady electric 
current, at any time after the current begins to flow. The ends of the 
wire are kept at a temperature v = 0. and radiation is supposed to take 
place from the lateral surface of the wire into the medium, at temperature 
v — O' so that the amount of energy radiated from unit surface in unit 
time is proportional to its temperature. The solution is obtained : (a) For 
no radial temperature gradient; (6) for no longitudinal temperature 
gradient; (c) for the general case. (2) A sphere exposed to radiation, 
from one side, so that over half the surface of the sphere the radiation 
received on unit surface in unit time is € cos 0. the angle Q being measured 
from the axis of the hemisphere receiving the radiation. The whole 
surface of the sphere is supposed to radiate energy' into the medium at 
the rate hv per unit area, v being the surface temperature. (3) A finite 
circular cylinder exposed to uniform radiation over one base. (4) A 
finite circular cylinder exposed to uniform radiation on one half of the 
curved surface. n w hf T 
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580. Sensitivity ojthe Ear as Function of Pitch. F. W. Kranz. (Pliys. 
Rev. 22. pp. 66-72, July. 1923.)—Sensitivity-frequency curves arc here 
determined by continuously ranging the pitch for different intensity 
levels. The threshold sensitivity curve for audition may be determined 
by varying the intensity at many different pitches, or by varying the pitch 
at many intensities, noting the ranges of pitch which arc audible for 
each intensity. The latter method enables irregularities in the curve to 
be more easily and surely determined. In these experiments, a thermo- 
phone actuated by current from a vacuum tube oscillator was used, the 
pitch being controlled by means of a continuously varying inductance, 
and the threshold sensitivity curve for the frequency range of 360 to 
3000 per sec. was determined by the use of successive levels of intensity 
having an intensity ratio of 2 : 1. Curves were thus obtained for thirty 
normal ears. They show remarkable individual irregularities, not only 
being different for different individuals, but often for the two cars of the 
same person. In several cases the sensitivity changes by a factor of 20ft 
to 1000 with a change of pitch of a semi-tone. An acceptable theory of 
the mechanism of audition must explain such abrupt changes. The 
average sensitivity increases from 10“ 7 2 for 360 to an approximately 
constant value of 10 -8 8 ergs, cm.- 2 see.-* for frequencies above 1300 
per sec. - E. H. B. 

581. Effect of Conical Horns on Intensity of Sound from Organ Pipe. 
J. H. Cloud. (Phys. Rev. 22. pp. 73-77. July. 1923.)—In a room lined 
with hair felt one inch thick, to reduce resonance effects, readings taken 
with a Webster phonometer showed that while the horn (50 cm. long. 
6 ° flare) doubled the intensity, it acted merely as a resonator and did not 
concentrate the energy in front to any measurable extent. Outdoor 
experiments gave the same result except that the intensity was increased 
by only one half. The Webster phonometer with a disc supported by 
wires under tension is a convenient portable instrument, as sensitive 
as the ear to the pitch to which it is tuned, but it shows a very sharp 
resonance to its natural frequency, and this selectivity limits its usefulness. 
The Rayleigh disc phonometer is also described, and it is pointed out that 
it may be used for absolute measures of the energy density of sound. 

E. H. B 

582. Vibration of Air in Quill Tubes : Single Telephonic Exciter. 

C. Barus. (Nat. Acad. Sci., Proc. 9. pp. 376-378, Nov.. 1923.)—A paper 
following up the work of previous ones (see Abstract 2228 (1923)). The 
preceding methods with two co-operating telephones introduce certain 
complications. In the case of straight longitudinal tubes the paired pin¬ 
holes must be displaced to follow the modes of the overtones. In trans¬ 
verse quill tubes the pin-holes are fixed, but their tube length is a material 
addition to the remaining tube length. In this respect a new method 
with a U tube operated by a single telephone has advantages, and this 
is the plan here dealt with. The details of the various overtones obtained 
are shown in a series of graphs. E- H. B. 
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583. Acoustical Properties of Gels. Part I. Velocity of Sound in 
Rods of Silica Gel. M. Prasad. (Koll. Zeits. 33. pp. 279-284, Nov., 
1923.)—It has been ascertained in former work that by cautiously tapping 
a vessel containing silicic acid gel. a sound is emitted. Measurements 
of the period of vibration have formerly usually been made on gels 
contained in glass tubes. The presence of the tubes influences the 
quality and period of the tones on account of the two vibrating together. 
In the present work, gels are prepared by mixing together sodium silicate 
with a 10 % solution of ammonium acetate as employed by S. S. Bhatnagar 
and K. K. Mathur. After completely settling, the gel was subjected 
on a filter to a pressure of 70-55 dynes to 130*4 dynes per sq. cm. for 
24 hrs. In this time most of the liquid had disappeared and there 
remained a material of definite solidity. The liquid passed through was 
estimated by measuring at regular intervals the loss in weight of the gel. 
Measurements on elasticity of the stick of gel were made by clamping 
one end of the stick firmly while the other end was free. A small piece 
of paper with a line drawn on it was fastened on the free end, to which 
was also attached a small aluminium pan suspended by a light strip to 
hold weights. The deflections were measured by a cathetometer reading 
to 0*0005 cm. The length and thickness of the gel stick were measured 
by calipers. The elasticity is then calculated from the formula, 
_ 4mg/ 3 

** = Za*d. Wherc E = Youn 8 s modulus for the gel stick; m = load ; 

g = gravitational constant; / = length and a the radius of the gel stick ; 
and d = deflection. 

The values of M/d were taken within a range in which Hooke's law 
is obeyed. , 

The variation of elasticity with the quantity of liquid relatively to 
solid phase was investigated. Tht elasticity showed a large increase with 
increasing dehydration. 

The velocity of sound was then calculated from the elasticity by 
means of Newton's formula V = •/ (E/D), where V = velocity of sound 
m the gel, E = elasticity and D the density of the gel. Determinations 
of density were made by immersion in kerosene. 

A second method was then applied for evaluating the velocity by 
making use of the formula of Wertheim : V = «A. where n = the 
periodicity and A the wave-length. A determination of the pitch of 
the vibrating rod was made by suspending the rod. by a clamp holding 
it in the middle, over an air column in a glass tube of such a length as 
to resonate with the gel stick when the rod was tapped at the end near 
the aperture of the resonating tube. In this case the following relation 
applies : A = 2/. The pitch of the stick is given by the expression 
33,100 + 61/= 4n(L + 0*6r), where 33.100 represents the velocity of 
sound in air at the temperature 0° C.. / is the temperature. L the length 
of the air column in resonance with the gel stick, and r the radius of the 
air column. In the case of gels of different liquid content, the values 
of the velocities calculated by this method are compared with those 
derived from the elasticity measurements and a close agreement is 
obtained between the two sets of values. The results are in accordance 
with the view that the gel is a colloidal system in which'the liquid is the 
disperse phase and the solid, i.e. silicic acid, the dispersion medium. 

J. N. P. 
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THEORY. ELECTROSTATICS. AND ATMOSPHERIC 
ELECTRICITY. 

584. Electromagnetic Field of an Electron in Movement. F. J. de 

Wisniewski. (Arch, des Sciences. 5. pp. 370-379, Sept.-Oct., 1923.)— 
The use of retarded potentials leads to solutions of the equations of the 
electromagnetic field which are not in harmony with the stability of 
systems made up of electrons in movement. The author has worked 
out the problem de novo, without retarded potentials, and has arrived 
directly at the Einstein relations. A. I>. 

585. The Fitzgerald-Lorentz Contraction and Paschsky's Theorem. 
N. v. Raschevsky. (Zeits. f. Physik, 18. 2. pp. 120-130. 1923.)—The 
author in this paper first establishes electromagnetic field equations in 
accordance with Paschsky’s Theorem (see Abstract 1280 (1922)]. He 
then proves that these equations when applied to a rigid spherical electron 
give Lorentz's formula? for its electromagnetic mass. G. W. de T. 

586. Intrinsic Magnetic Fields. L. Page. (Phys. Rev. 22. pp. 188-192. 
Aug., 1923.)—Emission theory of electromagnetic fields (see Abstract 
1797 (1914)]. The intrinsic magnetic field is defined as that portion of 
tho field which cannot be annihilated by the Lorentz transformation. It 
can be represented by lines of force carried by the same moving elements 
as carry the electric field ; a potential is given for it. A relation between 
the frequency of emission of moving elements and the number of lines of 
force to a tube is deduced on the assumption that the latter number is 
the same for the electric and magnetic fields and that each moving element 
marks the intersection of an electric and a magnetic line of force. A. D. 

587. A Method for the Investigation of Electrical Alternating Fields. 
N. Semenoff and A. Walther. (Zeits. f. Physik. 19. 2. pp. 136-140, 1923.) 
—In this paper a method is described for obtaining potential measure¬ 
ments in changing electric fields, which will be serviceable for technical 
application. It is claimed to be the first of its kind. Experimental 
details are given very fully with discussion of the various difficulties 
which arise. The method is stated to afford measurements in the 
stationary glow light of alternating fields of high potential. H. H. Ho. 

588. Lines of Electric Force. G. L. Addenbrooke on behalf of E. E. 
Brooks. (Inst. El. Eng.. J. 61. pp. 1141-1143, Oct., 1923.)—Gives 
illustrations of a method of showing the electric lines of force between 
two conductors, based upon the well-known method with iron filings. 
A dielectric medium, such as turpentine, is used in this case in which 
bodies, such as granular aniline dyes, are suspended in fine division and 
which set along the lines of force when the two electrodes are electrified 
by a Wimshurst machine. The usual lecture examples are illustrated, 
including the fringe effects at the edges of a parallel condenser. B. J. L. 
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589. The Contact Electricity of Solid Dielectrics. H. F. Richards. 
(Phys. Rev. 22. pp. 122-133, Aug., 1923.)—The electric charges produced 
by wringing optically flat surfaces together were measured in order to 
determine whether or not there is a possibility of formulating a single 
contact theory which will include metals and dielectrics. 

Experiments with flint glass and steel proved that the frictional 
charge is independent of the amount of friction provided only that intimate 
contact be established, and is proportional to the area of contact. The 
charge was not affected by the ionisation of the residual air molecules 
between the surfaces by X-rays and was also found to be independent 
of the duration of contact. The failure of the double layer to recombine 
under these conditions proves that it was sustained by a voltaic field. 
The charge per square centimetre Q 12 of a material 1 in contact with 
material 2 was, found for eight different pairs of the materials quartz, 
fluorite, crown glass, flint glass, and steel to satisfy approximately the 
equation O 12 = C(Kj — K 2 ) where I<i and I <2 are the dielectric constants 
and C a positive quantity equal to 4 -43 e.s.u., a mathematical expression 
of Cochn's law [Abstract 505 (1898) and 1322 (1914], 

The electric effect of compressing amorphous dielectrics was found 
by pressing together two kinds of sheet rubber ; the charge on the com¬ 
pressible dielectric was found to be independent of the nature of the 
material against which it was pressed, proving that it is not a voltaic 
effect, and that amorphous as well as crystalline substances can be electrified 
by pressure. The electric effect of collision of a solid insulator and a 
metal was found to be consistently opposite in sign to the frictional effect, 
suggesting that collision must be considered as producing two effects, 
one a voltaic charge and the other a transfer of electrons from the metal 
to the dielectric. The dielectric constant of steel as suggested by these 
results is 3 * 1 and not infinity, a value consistent with other considerations 
which seem to show that the dielectric constant of metals is not infinitely 
great, but of the order of 4-0. W. V. M. 

590. Registration of the Electrical Conductivity of the Air in a Cellar. 

W. Schlenck. (Akad. Wiss. Wien, Ber. 131. 2a. No. 6-7. pp. 437- 
443, 1922.)—The object of the present series of experiments, which are 
a continuation of similar measurements by Schweidler and Sperlich, is 
to establish whether in a completely closed cellar there takes place a 
daily change in the electrical condition of the atmosphere, and also 
whether there exists any connection between it and the various meteor¬ 
ological factors. The electrical conductivity of the cellar air was 
measured by means of a mechanically registering Benndorf electro¬ 
meter, and a similar daily period was found to that in the open air. 
Investigations into the content of absorption nuclei in the air gave the 
result that for the explanation of the conductivity, the decisive factor 
is the enrichment or deprivation of dust nuclei. This procedure runs 
analogously with that in the free atmosphere, so that also within a 
closed space the abnormal decrease or increase of dust nuclei by south 
wind and west weather on the one hand, and by strong mist on the 
other explain the fluctuations of conductivity. H. H. Ho. 

591. Diurnal Variation of the Potential Gradient of Atmospheric Elec¬ 
tricity. S. J. Mauchly. (Terrest. Magn. 28. pp. 61-81, Sept., 1923.)-- 
Potential gradient data, obtained over the oceans aboard the non-raagnetic 
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ship Carnegie during the year ending November 1921, are analysed. 
They support the results obtained from earlier data regarding the pre¬ 
dominance over the oceans of a 24-hour *' wave ” which reaches its maxi¬ 
mum everywhere at the same instant, as distinct from progressing according 
to local time. Data from land stations are also considered, and, though 
large local disturbances are indicated, there is evidence that the effect is 
world-wide. The time of maximum development varies with time of 
year between the limits 16 h. and 19 h. G.M.T. The average amplitude 
is about 20 per cent, of the daily mean. The changes throughout the 
year can, with present data, be considered only for the Pacific Ocean, 
and here the amplitude of the 24-hour " wave " is considerably reduced 
in the northern summer, and a 12-hour " wave ” develops with amplitude 
70 per cent, of that of the 24-hour " wave." Whether the 12-hour wave 
over the oceans progresses according to local time or not cannot yet be 
determined. M. A. G. 


DISCHARGE AND OSCILLATIONS. 

592. Scattering of Low-Speed Electrons by Platinum and Magnesium. 

C. Davisson and C. H. Kunsman. (Phys. Rev. 22. pp. 242-258, Sept., 
1923.)—Electrons from a tungsten filament were accelerated with voltages 
up to 1000 and a restricted beam was directed against a platinum target 
at 45° incidence. The number of scattered electrons with over 0-9 of 
the energy of the primary electrons was determined for various directions 
by measuring the current to a Faraday box-collector which could be 
revolved so as to explore the range from within 15° [ip = 15°) of the 
primary beam to the plane of the target * 135°). For bombarding 
potentials up to 200 volts the intensity of scattering decreases more or 
less regularly from high to low values of ip. indicating a maximum when 
*P ” 0. At higher potentials the scattering pattern develops two well- 
marked " lobes *’ besides the one for tp = 0. When the platinum target 
was covered with a deposit of magnesium the patterns formed are simple. 
Theoretical explanations are advanced to account for these observations 
and estimates formed of the arrangement of the electrons in the magnesium 
atom - . A. B. W. 

593. On the Motions of Electrons in Gases. K. T. Compton. (Phys. 
Rev. 22. pp. 333-346. Oct., 1923.)—In this paper are presented some 
characteristics of electron motions in gases in an electric field, with some 
applications to experimental results and a discussion of the conditions 
in which the method is inapplicable. Cases are considered generally in 
which the gas pressure is sufficiently large, in comparison with the electric 
field, to make the average speed gained between successive collisions 
small compared with the total speed. For electron speeds below a critical 
value characteristic of each gas. the collisions with molecules are probably 
as between elastic spheres, since neither ionisation nor radiation is produced. 
The average fraction of its energy lost in elastic collision with a molecule 
of mass M, by an electron of mass m. is / = 2 (m/M)(l - Q/U). where 
Q and U are the average kinetic energies of molecules and electrons. But 
while, if U > 0, the electrons lose energy at collisions, they gain energy 
from the field between collisions, so the kinetic energy tends to increase 

. or decrease to a terminal energy. Assuming Langevin’s equation for 
mobility, U, (in volts) is found equal to 0- 66E.I/VJ, where E/ is the product 
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of field strength and mean free path. In the case of plane parallel elec¬ 
trodes the number of collisions per cm. and also the ratio of the speed at 
any point to the terminal speed, are both found to be independent of the 
field strength. In the case of a straight filament kathode surrounded by 
a coaxial cylindrical anode, the electrons may acquire their maximum 
speed near the kathode and subsequently lose speed while approaching 
the anode, their speed being greater than the terminal speed for this 
region. Curves are given for various cases. Substituting the value of 
terminal speed in Langevin's equation leads to the following expression 
for electron mobility: ju = 0-815/\/(k/”»)/[JO + (O 2 /4 + W2)i]l where 
the energy due to the field is e\V = le E/1- 506 Vf. This expression is 
somewhat similar to that given by Loeb (corrected for numerical error) 
but leads to values 0 to 10 per cent, higher. When the collisions are 
inelastic the mobility is shown to be greater. H. H. Ho. 

594. Mobilities of Electrons in Gases. K. T. Compton. (Phys. Rev. 22. 
pp. 432-444, Nov., 1923.)—In a preceding paper (see preceding abstract] 
the nature of the motions of electrons in gases in an electric field was 
considered with reference to the energy lost at collisions, the terminal 
speed acquired, the number of collisions made, and the average rate of 
drift in the direction of the field. Particular attention was given to col¬ 
lisions between electrons and molecules treated as if between clastic 
spheres, and the object of the present paper is to compare the consequences 
of this theory with the results of experimental determinations of electron 
mobilities in gases. The theoretical equation for mobility constant 
obtained in a recent paper, is put in the form : 

K - 2- 54(10 5 )/ 0 {1 + [1 + 1-355(10«)M/o 2 (E//.)2]4}-», 

where /<> is electronic mean free path at 1 mm. press., M is the mol. wt. 
relative to H, E is the electrical field in volts/cm., and p is press, in mm. 
Hg ; and it is tested by comparison with recent experimental data 
obtained by Loeb [sec Abstract 984 (1922)], Townsend, etc. Although 
the equation contains no arbitrary constant if / 0 is taken from kinetic 
theory, the agreement with experiments is good in the case of H 2 . and 
within a small factor in the cases of He. N 2 and A, for values of E/p less 
than the critical value which is characteristic of each gas and equal to 
about 20 for H 2 , 1-3 for N 2 , 0-5 for A. and >0-4 for He. Dealing with 
the elasticity of collisions, it is suggested that when electrons collide 
at speeds greater than the critical for the gas, the collisions are no 
longer perfectly elastic, as assumed by the theory. In the region of elastic 
collisions, the equation may be used to compute the actual equivalent 
mean free paths for elastic spheres from the measured values of K. for 
comparison with the kinetic theory values of / 0 . This free path in H 2 is 
close to the kinetic theory value, in He it is a little less, while in N 2 and A 
it is greater and varies with the speed, being greater at small speeds. 
These free paths are compared with values determined in other ways and 
the differences are attributed to differences in the meaning attached to 
the term collision. The data for 0 2 and C0 2 are insufficient to give the 
values of the critical E/p, but indicate that these are lower than for the 
other gases. H. H. Ho. 

595. The Photoelectric Effect of Ccesium Vapour. J. Kunz and E. H. * 
Williams. (Phys. Rev. 22. pp. 456-400, Nov., 1923.)—The present paper 
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continues previous work (Phvs. Rev. 15. 550. 1920) and deals with the 
long wave-length limit for photoelectric emission from caesium vapour. 
Using a special quartz tube and taking precautions to avoid photoelectric 
emission from the electrodes, a narrow beam of nearly monochromatic 
light of gradually decreasing wave-length, was focused on the hot caesium 
vapour, and it was found that above 3220 A. the emission was zero, between 
3220 and 3146 A. the emission changed linearly because of the width of 
the slit used, and below 3145 A. the emission was practically constant. 
The mean, 3180 A. is taken as the critical wave-length. This is evidently 
identical with the convergence wave-length 3184-28 A., which is related 
to the ionisation potential V, according to the equation V, = Jic/cX,. 
It is concluded that the separation of an electron from a caesium-atom 
requires the same amount of work whether produced by an impinging 
electron or by absorption of light. H. H. Ho. 

596. Experiments on Large Ions in Air. J. J.Nolan and J.Enwrlght. 
(Roy. Irish Acad., Proc. 36. pp. 93-114, July. 1923.)—In this paper 
are recorded experimental results on the origin, constitution, and 
behaviour of the large ion in air. The work deals principally with the 
effect on the large ions of certain substances such as SO z and NH 3 , 
with the effect of temperature, with the decay of large ions by combina¬ 
tion with small ions, and with the occurrence of multiple charges. The 
ions dealt with in the experiments are almost exclusively those produced 
by ordinary Bunsen flames. Ammonia, as also found in the case of 
the hydrogen flame, cannot act as a starting-point for nucleation. 
S0 2 and NH S , if supplied to the flame or subsequently to the flame- 
gas, cause the ions to grow beyond their normal size and the transition 
is not gradual but abrupt. When the alteration is produced by the 
action of the gases on the ions already formed, there is a reduction in 
the number of ions. With NaCl the number of ions is increased, but 
whether due to the NaCl supplying extra nuclei or extra ions to the 
flame, is not clear, although the unsymmetric character of the increase 
suggests the latter alternative. The idea of the large ion as a rather 
loose group, originally suggested by de Broglie and adopted to explain 
certain mobilities observed, is practically compelled by the observations 
of recombination between large and small ions. The units out of which the 
ions have been assumed to be built, the various homogeneous groups of 
ions which in so many cases accompany the final more stable body, 
reappear when the ion breaks up under the action of high temperature. 
The further complex stages observed in the case of phosphorus ionisation 
appear when the ions are affected by the presence of S0 2 , NH S , or NaCl. 
The large ions present in the atmosphere are possibly in great part 
produced by the action of ultra-violet light on the moist gas. They 
carry single electronic charges, and their constant of combination with 
small ions is between 5 and 10 X 10-®. H. H. Ho. 

597. Absolute Mobilities of Negative Ions in Air. L. B. Loeb. (Frank. 
Inst., J. 196. pp. 537-546, Oct., 1923.)—Although it appears as if the 
Rutherford alternating-current method of measuring the mobilities of 
negative ions was capable of yielding the greatest accuracy of any of 
the methods used, the values'of the mobilities thus far obtained by this 
means show variations which are far greater than are to be expected from 
the errors entering into the measurement. Thus in some very careful 
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measurements made in 1910 Kovarick found a mobility of negative ions 
of 2 06 cm./sec. volt/cm. ; while the value obtained by Franck and Pohl, 
and since then by other workers generally lay close to 1 -8 cm./sec. More 
recently the writer found that the mobilities of the negative ions measured 
directly on photo-electrically generated ions was 2-18 cm./sec., while the 
mobilities of the negative ions generated by polonium in an auxiliary 
chamber lay close to 1-84 cm./sec.. the conditions being otherwise the 
same. Investigation showed that the difference in mobility lay in the 
use of the gauze and auxiliary field and not in the nature of the ionising 
agent. Various methods are discussed, and it is agreed that the Ruther¬ 
ford method with photoelectric ions is free from many uncertainties 
prevalent with the others. The experimental arrangement used is de¬ 
scribed. Its chief defect appears to be the difficulty of obtaining strict 
parallelism of the plates. The value of the mobility now obtained in 
fields varying from 12-5 volts to 50 volts/cm.. in frequencies varying from 
14 cycles per sec. to 75 cycles per sec., and with plate distance lying between 
1 • 4 and 2 cm., at 760 mm. pressure is 2-18 cm./sec. volt/cm. The greatest 
uncertainties lie in the evaluation of the plate distance where the plates 
arc not quite parallel. This introduces an uncertainty of ± 3 percent. The 
estimation of the voltage intercept is not certain to an accuracy greater 
than 0*3 volt. Errors of ± 1 per cent, due to timing, of from 0 to ± 2 per 
cent, on account of the distance gone as an electron and perhaps of ± 2 per 
cent, in the conversion and correction of the potentials between the plates 
must also be considered. Taking into account the variety of conditions 
under which these results are obtained, the mobility of the negative ion 
may be stated as 2-18 ± 0 04 cm./sec. volt/cm. in place of the value of 
1 • 8 cm./sec. usually assigned to it. Other work is in progress. A. E. G. 

598. Ionic Mobilities in Air and Hydrogen. J. J. Nolan. (Roy. 
Irish Acad., Proc. 36. pp. 74-92, Jan., 1923.)—The work described in 
the present paper consists for the greater part of a careful examination 
by the Rutherford-Franck method of the ionic mobilities in hydrogen. 
As certain emendations and additions can be made to the results for 
air previously reported (Abstract 1358 (1922)], and a$ it is necessary 
to deal with criticism which some of this work has received, the first 
part of the paper has been devoted to ionic mobilities in air. The com¬ 
posite character of ionisation in air is now shown by a third method 
based on an alternating-field with variable periodic time. An attempt 
made to detect the very mobile ions in ordinary undried air was suc¬ 
cessful. An examination of the ionisation in hydrogen not specially 
dried or purified gave results closely related to those already found for 
air, and in many respects identical with those obtained by Haines for 
very pure and freshly prepared hydrogen. All his ions have been found 
except his fastest, and that was hardly to be expected, since no special 
measures for purity or drying were adopted. The results of the author 
on air and hydrogen involve, first, the composite character of the ordinary 
ionisation, and, second, the existence of small numbers of ions of high 
mobility. Criticisms of Blackwood in connection with results obtained 
by the author's air-stream method are considered and refuted. H. H. Ho. 

599. Variation with Pressure of the Residual Ionisation of Gases. H. F. 
Fruth. (Phys. Rev. 22. pp. 109-121, Aug., 1923.)—The measurements 
made by K. M. Downey for air, using a steel sphere of one foot inside 
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diameter, have been extended to pressures of 7 5 atmospheres. (I) Pun fiat 
Gases. —Air and oxygen gave curves for ionization vs. pressure, first slightlv 
concave upwards (1-15 atm.), then concave downwards (15-35 atm.), 
then concave upwards (35-53 atm.), then horizontal, the values increasing 
from 8-10 ions/c.c./sec. at l atm. to 62-68 for 60 atm. For CO., tin- 
horizontal part was reached at 61 atm., the limiting value being 07 
ions/c.c./sec. (2) Gases containing dust and water-vapour gave similar 
curves except that the ionisation did not reach a limiting value but 
continued to increase. (3) Anomalous Behaviour of Nitrogen. —When 
prepared from air by the liquefaction process, or by absorption of the 
oxygen by alkaline pyrogallate, nitrogen showed no upper limit with 
increasing pressure, either alone or when mixed with oxygen, although 
air showed this limit. Evidently the process of preparation used either 
introduced some long period radio-active impurity or gave the nitrogen 
some peculiarity, such as a tendency to ionise spontaneously. (4) Pene¬ 
trating radiation can apparently be responsible for only a small part of 
this ionisation, not more than 1 ion per c.c. per atm. per min. as otherwise 
it would not reach a limit and would not depend so much on the purity 
of the gas. Author. 

600. Resonance and Ionisation Tensions. N. Semenoff. (Zeits. f. 
Physik, 19. 1. pp. 31-34, 1923.)—Points out an error involved in assum¬ 
ing that electrons come to the ®mc potential as the grating or gauze 
which they reach. In the meshes there are (compare Abstract 124 
(1924)] regions whose potential is lower than that of the metal gauze. 

A. D. 

601. The Excitation and Ionising Tensions of Neon and Argon and 

their Connection with the Spectra of these Gases. G. Hertz. (Zeits. f. 
Physik, 18. 6. pp. 307-316, 1923.)—The methed of carrying out the 
experiments is fully described. Diagrammatic results are given of 
measurements obtained in Neon at 0-61 mm., in Argon at 0-35 mm., 
and in a neon-helium mixture containing 30 per cent, helium at a pressure 
of 0-66 mm. With respect to the first excitation tension of helium at 
19-75 volts, it is found that in neon there are two well-marked excita¬ 
tion tensions at 16-65 and 18-45 volts, and the ionising tension at 
21-5 volts; for argon two excitation tensions at 11-55 and 13-0 volts 
and a less well-marked one at 14-0 volts, and the ionisation tension at 
16-3 volts. A. E. G. 

602. The Origin of Ions in the Unsustained Glow Discharge. 
K. T. Compton and T. E. Foulke. (Gen. El. Rev. 26. pp. 755-757, 
Nov., 1923.)—In this paper it is shown that there are sufficient residual 
ions present in any gas to start a discharge when a sufficiently high 
voltage is applied. It is found experimentally that the essential number 
of original ions in a discharge tube of the type studied, which consisted 
of concentric cylinders of nickel in mercury-vapour, are due to the radia¬ 
tion from the radioactive elements in the earth. The reasons for 
assuming this are : (a) By shielding the tube with lead the number oi 
ions generated can be reduced to a value insufficient to start the dis¬ 
charge. ( b) The discharge can be aided by exposing the tube to a 
source of radioactive emanations. The results obtained on the time-lag 
between the application of the voltage and the starting of the discharge 
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were measured by means of a string oscillograph which is described ; 
these results are in agreement with the view that the ions are formed 
due to the earth’s radiation and that the multiplication to discharge 
value can readily be explained by means of Townsend’s theory. Atten¬ 
tion is drawn to the application of the Einthoven galvanometer for 
registering minute currents for very short intervals of time. Oscillograms 
arc included in the paper. H. H. Ho. 

603. Kathode Fall, Ionisation Potential, and Atomic Weight. A. 

Gunther-Schulze. (Zcits. f. Physik, 20. 3-4, pp. 153-158, 1923.)— 
In a recent publication on the laws of the glow discharge [see next 
abstract] the author has shown that a pronounced parallelism exists 
between the normal kathode fall of the gas and its electronic affinity, 
but that such connection does not extend to the vapours of Rb, Cs, Zn, 
Cd, and Hg, which exhibit a much higher kathode fall in accordance 
with their small electronic affinity. The present paper contains the 
attempt to define this regular connection more closely. It has been 
established that for all gases the expression, V M = (0- 245M + 4)V<. a 
volts, approximately holds good, where V„ is the average kathode fall, 
M the atomic weight. V,- the ionisation potential of the gas, and a a 
factor which is unity for all monatomic gases, but has to be calculated 
for diatomic gases from impact effects. The extent of ionisation by a 
kation is inversely proportional to the square of its atomic weight to a 
first approximation. H. H. Ho. 

604. The Laws of the Glow Discharge. A. Glinther-Schulze. (Zcits. 
1. Physik, 20. 1. pp. 1-20, 1923. From the Reichsanstalt.)—The object 
of the present paper is to derive the laws prevailing at the glow dis¬ 
charge by a combined experimental and theoretical investigation [see 
Abstract 659 (1911)]. Definite values for the 3 magnitudes of the glow 
discharge : the normal kathode fall V„, the normal current density j H , 
and the normal fall-space thickness, could only be obtained, however, 
for plane kathodes maintained at constant temperature. The normal 
kathode fall V„ for any metal in any gas has afforded the empirical 
equation, V„ = — 35-6.«* -f a, where € k is the electro-chemical normal 
potential. The optically measured fall-space thickness for any metal 
in any gas is (<*M/)opt. = 0-326 . A . V<. vffi/p cm. The electrically 
measured fall-space thickness is (d We ) a — 1 • 16 . (rf M ,) opl- .' For the re¬ 
lationship between V„, j n , and d H , at plane kathodes, the space charge 
equation: 

. vi it vy 

U 'V »(*„,)?, 

holds approximately, where € is the electronic charge, M the atomic 
weight of the gas concerned, V„ the derived kathode fall, and (d Ue )a 
the value obtained from the above formula. In the region of the 
anomalous kathode fall, V. = C ; "\/j a and d a = Cj j a ~*> where V fl , d a , 
j a are the terms of the anomalous kathode fall, and C 2 being constants. 

H. H. Ho. 

605. The Glow Electronic Emission at Transition and Melting-Points. 
A. Goetz. (Phys. Zeits. 24. pp. 377-396, Sept. 16, 1923.)—The first 
part of the paper contains a discussion of known changes in the electrical 
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behaviour of metals at transition and melting-points with respect to 
conductivity, thermal, and photo-electrical effects. Following this comes 
the description of the construction of a high vacuum furnace which permits 
the measurement of the glow emission of metals at these modification 
points [see Abstract 923 (1912)]. A method of measurement is given 
which enables the construction of the Richardson lines from the 
characteristics. For copper, iron, and manganese an appreciable increase 
in the exponential constants of the Richardson law occurs at the melting- 
point, without the appearance of any discontinuity in the emission. At 
the transition of iron from the y to the 8 state, a change takes place in 
the constants N of the Richardson law, while tire exponential constants 
undergo no appreciable alteration. For the iron measurements the 
position of the magnetic transition point found by Curie is confirmed with 
greater probability. In the magnetic field of the furnace the glow emission 
shows a slight diminution of the exponential constants, y-iron exhibits 
an appreciably greater ability to take up gases than 8-iron, a procedure 
which is connected with the content of conducting electrons in the space 
lattice. For manganese the probable existence of a transition point of 
magnetic character appears at about 1200°. From the experimental 
results taken in conjunction with those from Suhrmann's investigations, 
the assumption is made that the conductivity electrons in the space 
lattice of the metal arc arranged in any order. Measurements at the 
melting-point cannot be explained on the kinetic electronic theory corre¬ 
sponding to the Richardson view point. H. H. Ho. 

606. Canal Rays. W. Wien. (Phys. Zeits. 24. pp. 415-420, Oct. 1. 

1923. Paper read before the Deut. Physikertag., Bonn, Sept., 1923.)— 
Various kinds of apparatus for the study of canal rays is described in 
detail with the aid of diagrams. Some experimental results are illustrated 
photographically, others by diagrams. It is shown that the reciprocal of 
the free path of the uncharged atom of hydrogen depends on the pressure. 
A spectral line sent out by a charged atom undergoes deflection in an 
electric field. The Balmer scries of hydrogen (H/3) arc not deflected, 
while the spark lines of oxygen are deflected. In the same manner 
a deflection occurs of a series of nitrogen lines and also the so-called 
negative bands which according to this are emitted by positively 
charged nitrogen molecules. The electric deflection depends only upon 
the tension of the discharge tube, and so it cannot be decided through 
these deflections whether results from single or several charged atoms arc 
being observed. A. E. G. 

• 

607. Loss of Velocity of Kathode Rays in Matter. H. M. Terrill. 
(Phys. Rev. 22. pp. 101-108, Aug., 1923.) —Whiddington’s apparatus was 
modified to provide a bundle of homogeneous rays by fitting a Coolidge 
kathode into a high-vacuum tube and exciting it by rectified high-tension 
current of accurately known voltage. After traversing the metal foil, 
the electron beam is deflected by the magnetic field of a solenoid and is 
spread into a broad band of which a small section, deflected about 30°, 
passes through a fixed slit into a Faraday cylinder connected to an electro¬ 
scope. By varying the solenoid current, energy distribution curves were 
obtained, and the most probable energy loss for each case was determined 
‘from the position of the maximum. Rolled foils of Ag, Al, Au, Be, and 
Cu were studied, for 25 to 51 kv., giving rays of 9 to 12 -6 X 10 9 cm./sec. 
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velocity. The results agree with the velocity formula of J. J. Thomson, 
v o — Vx = ax, where x is the thickness, and a is a constant which comes 
out proportional to the density of the metal so that a/p = 5 05 x 10 42 
approximately. In the corresponding voltage formula Vjj — V* = bx. 
b/p - 0-40 x 10W Author! 

608. A New Effect of the Magnetic Field upon the Discharge in Rarefied 
Gas. A. Pontremoli. (Accad. Lincei, Atti, 32. ii. pp. 158-161, 
Sept., 1923.)—The experiments of Steubing and Wood have shown that 
a magnetic field of sufficient intensity causes the disappearance of the 
resonance spectra. Various theories to account for this phenomenon 
are discussed and experiments described in which the apparatus used 
differs only very slightly from that of Wood [see also Abstract 1440 (1921)]. 

A. E. G. 

609. A Glow Discharge Rectifier for Alternating Current. H. Kneser. 

(Ann. d. Physik, 72. 7. pp. 519-524. Nov.. 1923.)—The rectifier has a large 
cylindrical electrode A, and in the axis of the cylinder a small rod electrode ; 
both electrodes are of aluminium. The tube was supposed to be filled 
with a mixture of He and Ne; but traces of H, Xe, and Hg were found 
spectroscopically. With 140-160 volts (effective) a c.c. galvanometer in 
series with the rectifier gives a deflection, the current passing from the 
large to the small electrode. At higher voltages the direction of the 
current reverses and becomes much greater. The characteristic curves 
of the rectifier have been determined, and are given in the original paper. 
When a constant negative voltage is applied to the small electrode a brush 
discharge takes place from it. and no other light is seen ; this does not alter 
up to 300 volts, if on the other hand the small electrode is positive, 240 
volts is not sufficient to produce a positive brush discharge from it. At 
240 volts discharge takes place, changing at once to a glow discharge, 
with normal kathode fall, and continuing with high current values at 
considerably reduced voltage. The instantaneous values of the current 
were obtained by means of a Braun tube, and moving photographic plate ; 
they rise to a high value at the moment when the small electrode has the 
maximum positive voltage, and rapidly drop to zero; half a period later 
a small current is produced for a short time in the opposite direction, and 
during a considerable portion of each period the current is practically 
zero. A choking coil reduces the maximum value of the instantaneous 
current, but increases the portion of the period during which the positive 
current flows. Photographs are given of the appearance of the electrodes 
under different conditions. From these it appears that the small elec¬ 
trode gives a negative brush discharge each time its voltage passes through 
the maximum value, while the large electrode gives the glow discharge 
half a period later. H. N. A. 

610. The Current-Density of Normal Kathode Falls. A. Gunther- 
Schulze. (Zeits. f. Physik. 19. 5-6. pp. 313-332, 1923. From the 
Reichsanstalt.)—It is concluded that the relation between the normal 
current-density of the glow discharge and the gas pressure can be defined 
when the following conditions are fulfilled. The walls of the discharge- 
vessel must be so far removed from the discharge path that no disturbing 
positive light column originates. The volume of the vessel must be large 
compared with that of the fall space. The anode must so surround the 
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kathode that all parts of the latter are equidistant from the anode. A 
platinum electrode when completely covered with the discharge assumes 
in air at 5-26 mm. pressure at normal current-density, an end-temperature 
of 600° C. The velocity with which the temperature rises depends on the 
capacity for heat and volume of the kathode. At 5 mm. pressure the 
normal current-density at a platinum kathode, cooled and kept at room 
temperature, is found to be 2-8 times as great in hydrogen and 6-3 times 
as great in air as at a kathode at its end-temperature. The normal current- 
density at a kathode at constant temperature is J* = C . p 2 , with a kathode 
at end-temperature there is no simple connection between J„ and />. 
Different forms of kathode of equal surface, and kathodes of different 
metals are also investigated. [See also Abstracts 1926 and 2475 (1923).] 

A. E. G. 

611. The Removal of Thorium from the Surface of a Thoriated Tungsten 
Filament by Positive Ion Bombardment. K. H. Kingdon and I. Langmuir. 
(Phys. Rev. 22. pp. 148-160, Aug., 1923.)—The disintegration of the 
kathode in an electric gas discharge tube by the impact of positive ions 
on its surface is a subject which received some considerable attention during 
the early years of research in gaseous conduction. The main results 
obtained have been summarised by Kohlschuttcr and J. J. Thomson. 
It was found that for all ions the rate of disintegration or sputtering 
increased with the energy of the ions, that is with the voltage across the 
tube—or more particularly with the kathode fall. For a kathode of Pt 
the rate of sputtering was found in general to increase with the mass of 
the ion. For a given ion, say argon, the rate of sputtering tended to be 
less the lighter the kathode material, and for this reason aluminium 
electrodes are usually employed in spectrum discharge tubes. The 
present experiments are based upon the fact that the removal of thorium 
from the surface of a thoriated tungsten filament by the impact of positive 
ions is a special case of kathode sputtering, and one which is admirably 
suited to a precise examination of the mechanism of the disintegration 
-process. Langmuir has shown that by subjecting a tungsten filament 
containing a small percentage of thorium oxide to suitable thermal treat¬ 
ment it is possible to obtain a complete layer of thorium one atom deep 
over the surface of the tungsten. At a temperature of 1500° K. the electron 
emission from this thorium surface is about 100,000 times that from an 
equal area of pure tungsten. Hence removal of thorium from the surface 
by ion bombardment or otherwise exposes the tungsten underneath and 
decreases the electron emission of the filament. The connection between 
the fraction of the surface covered by thorium and the electron emission 
has been studied in detail by Langmuir so that this provides an exceedingly 
delicate method for studying the removal of minute quantities of thorium 
from the surface. The type of vacuum tube used is described. The 
rate of removal of thorium falls to zero for all gases at about 50 volts, 
a fact of significance in connection with the theory here described. 

A. E. G. 


612. Thermionic Emission. A. Pontremoll. (Accad. Lincei, Atti, 
32. ii. pp. 211-214. Oct., 1923.)—Following up the work of M. N. Saha 
[see Abstracts 218, 384 (1921] and of Dushman [see Abstract 310 (1924)], 
the latter of whom reached Richardson’s formula I = AT 2 e“ fc ori'and found 
A to be a constant for all elements (a function of universal constants) but 
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left fc„ unexplained physically ; the author finds b 0 = eV/k, where V is the 
ionisation-potential and k is the thermodynamic constant per single mole¬ 
cule. The formula reached by the author is I = {27 rmek 2 /h 2 } . T 2 . e~' v / AT , 
where h is Planck’s constant. A. D. 

613. Electron Emission from Thoriated Tungsten Filaments. I. 

Langmuir. (Phys. Rev. 22. pp. 357-398, Oct., 1923.)—This paper de¬ 
scribes an extensive series of experiments on the properties of thoriated 
tungsten filaments. By suitable treatment filaments containing 1 or 2 % 
of thoria can be made to give an electron emission many thousand times 
that of a pure tungsten filament at the same temperature. The experi¬ 
mental results lead to the conclusion that the increased emission is due to 
a layer of thorium atoms adsorbed on the surface of the tungsten. To form 
this layer, the thorium oxide, which originally existed throughout the 
volume of the filament, must first be reduced in part, by heating for a few 
seconds to between 2600° and 2800°K.; then, by heating for some time 
at a suitable activating temperature 2000° to 2100° K., some of the thorium 
atoms are brought to the surface by diffusing faster than they evaporate, 
the fraction 9 of the surface covered increasing to a limit 0 which may 
or may not be unity. The activity determined at a lower testing tem¬ 
perature 1400° to 1500° K. increases logarithmically with 6 ; for any 
filament it remains constant provided the filament is not heated above 
1900° K. and the film is not allowed to be oxidised. The rate of activation 
depends on the difference between the rate of diffusion to the surface and 
the rate of evaporation from the surface. Experiments are described 
relative to these, and the results obtained for the coefficient of diffusion 
are in agreement with a theoretical expression given by Dushman and 
Langmuir. Various properties of thoriated tungsten filaments are sum¬ 
marised in a table, and the paper concludes with a brief discussion of these 
properties. A. W. 

614. Currents Limited by Space Charge between Coaxial Cylinders. 
I. Langmuir and Katharine B. Blodgett. (Phys. Rev. 22. pp. 347-350, 
Oct., 1923.)—The authors calcul ate t he function = f(r/r 0 ) in the space 
charge equation i = (2 V 2/9) V (*/m) V 3 / 2 /^/? 2 ) . Two different infinite 
series were obtained for B and the coefficients for fourteen terms of each 
were determined. These two sets were checked against each other. 
Thus values of fZ 2 were obtained accurate to 1 in 10,000. These were 
checked by an integration method which was also used to calculate values 
in the region where the series failed. For a kathode of radius r 0 inside 
an anode of radius r, fZ 2 increases from 1 at r/r 0 = 11 • 2 to a maximum 
value 1*0946 at r/r 0 = 42, decreases to a minimum value 0-9990 at 
r /r 0 = 30,000, and becomes 1 at r/r 0 = ® . The customary assumption 

= \ has therefore led to errors up to 9 -5 per cent, in previous calcula¬ 
tions, but this error is usually about equal and opposite to that introduced 
by neglecting the effect of initial velocities. For the kathode 
outside the anode, fZ 2 is given very closely by the equations 
fZ 2 = 4 • 6712 {:r 0 /r) ^og^rjr) - log 10 V^]3/2, for r 0 /r > 10. The empirical 
constant V2 is interpreted to mean that the potential distribution near 
the anode is unaltered if the hot kathode is replaced by a cold cylinder 
having one half the cross-section of the original kathode. The correction 
for initial velocities is less for a cylindrical kathode inside an anode than 
for parallel planes. In the inverted case it is much greater than in the 
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case for parallel planes, and the effect of the tangential component of the 
initial velocity may greatly decrease the current that flows. Authors. 

615. The Low-Voltage Arc Light in Helium. R. Bar, M. v. Laue and 
E. Meyer. (Zeits. f. Physik, 20. 2. pp. 83-05. 1923.)—It is shown that 
with a direct-current tension of less than 20 volts an arc light burning in 
helium can be brought to the condition that oscillations are present in 
the arc, which from time to time raises the tension at the electrodes to 
over 20 volts. It is also shown that a slight strengthening of the glow 
current causes a strong lowering of the tone ; a strengthening of the arc- 
light current causes a lowering of the tone ; an increase of the electrode 
distances causes a decrease of the arc current and a rise in the tone; a 
rise in the He-gas pressure causes a lowering of the tone. A description, 
with diagrams of the apparatus used, is given. A. E. G. 


616. Experiments on the Electric Arc. M. Pierucd. (N. Cimento. 
26. pp. 73-96, July-Aug.-Sept., 1923.)—The experiments here described 
are divided into two sections and are along the lines of those described 
by Beer and Tyndall, etc. [see Abstract 2130 (1922)] in which carbon 
electrodes are used, drilled centrally throughout their length. In the 
first series of experiments various substances containing hydrogen in their 
molecules are put in the arc through the holes in the carbons. In the 
second series a strong suction in the arc is produced from the positive 
aperture. A * E. G. 


617. The Striking Potential in the Low- Voltage Mercury Arc. M. Scott. 

(Phys. Rev. 22. pp. 447-455, Nov., 1923.)—The experiments now de¬ 
scribed were undertaken to obtain more definite knowledge concerning the 
characteristics of the low-voltage arc, and in particular regarding the 
factors upon which the striking potential depends. An effort was made 
to obtain as steady conditions as possible in the experimental tube with 
particular attention to securing gas-frcc apparatus, a good vacuum, and 
a conditioned filament that would yield a constant electron emission. 
Part I deals with the variation with vapour pressure. A tube with a 
thoriated tungsten filament and a nickel anode over a reservoir of mercury 
was heated in an electric furnace. When a constriction was placed in 
the tube leading to the pump so as practically to eliminate streaming of 
the vapour, and the temperature raised, the striking potential decreased 
to a minimum of approximately 5-3 volts for a pressure corresponding 
to a mercury surface temperature of 160° C., and then increased. When 
no constriction was present, a similar curve was obtained except that on 
account of the streaming the pressure for a given furnace temperature 
was lower, and hence the minimum was not reached below 320° C. If 
the fact that the vapour was fresher in the second case had any influence, 
it was not evident. Part II considers the variation with the distance 
away of the mercury surface. When streaming was prevented, the same 
striking potentials were obtained for the same vapour pressures whether 
the surface was 6 cm. or 80 cm. from the arc. These results are some¬ 
what at variance with those of Yao and suggest that further investigation 
is necessary. H. H. Ho. 

618. Positive Ion Currents in the Positive Column of the Mercury Arc. 
I. Langmuir. (Gen. El. Rev. 26. pp. 731-735, Nov.. 1923.)—When a 
mercury arc passes through a tube of uniform diameter, as in the side 
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arms of a mercury rectifier or in a mercury-vapour lamp, the tube is 
filled with a uniform glow whose intensity depends on the current- 
density and the mercury-vapour pressure. Practically the whole of 
the discharge, except in close proximity to the two electrodes, is of the 
type usually referred to as the positive column. If an auxiliary electrode 
of small size is placed in the path of the discharge and connected to an 
electrometer or potentiometer, it is found that it acquires a definite 
potential, which in accordance with common practice may be pro¬ 
visionally assumed to be that of the gas surrounding it, and, for 
convenience, may be referred to as zero potential. If the electrode be 
charged positively to one or two volts, a relatively large current of 
electrons flow to it from the gas, so that it becomes an anode sharing 
the current with the main anode. If the electrode be negatively charged, 
the current to it reverses in direction, but only a relatively small current 
flows, which increases, in general, slowly, if at all when the negative 
voltage is raised to several hundred volts, thus behaving as if it were 
a saturation current. This current must result from a flow of positive 
ions to the electrode (out of the gas) or an emission of electrons from the 
electrode, or from both phenomena. Such electron emission might 
conceivably be photoelectric emission caused by the intense ultra-violet 
radiation or it might result from the impact of positive ions against 
the electrode (delta rays). A theory is developed which explains the 
behaviour of these negatively charged electrodes and also gives a new 
conception of the nature of the mercury arc. A. E. G. 

619. The Positive Crater. E. Podszus. (Zeits. f. Physik, 19. 1. 

pp. 20-30, 1923.)—The author has made some previous experiments 
and measurements of the positive crater using homogeneous carbon 
electrodes [see Abstract 1316 (1919)]. In the present experiments the 
behaviour of an arc, when pure carbon electrodes are used and longi¬ 
tudinal magnetic field is employed for calming the discharge, is investi¬ 
gated. The measurement of the surface brightness of the pure carbon 
under pressure, with magnetic calming, and the measurement of the 
size of the positive crater is also undertaken. A special arrangement is 
described for finding the boiling-point of the carbon at atmospheric 
pressure. A. E. G. 

620. Spark-Gap with Air-Cooled Electrodes. W. T. Bovie. (Optical 

Soc. of America, J. and Rev. Sci. Inst. 7. pp. 1027-1029, Nov., 1923.)—The 
apparatus here described has been devised to overcome the difficulties 
arising through the heating of electrodes between which a powerful 
spark was passed. The fundamental principle is that the spark is 
formed between the edges of two rotating discs, thus distributing the 
heating effects over the whole circumference of the discs, at the same 
time affording ample surface for radiation. The apparatus works quite 
satisfactorily and is completely under control. A full description and 
photograph of the apparatus is given. A. E. G. 

621. Stationary Electromagnetic Waves with Undamped Emission. W. 
Kopp. (Ann. d. Physik, 72. 7. pp. 525-548, Nov., 1923.)—The dependence 
of the formation of stationary waves upon the position of the emitter in a 
node or loop,as found by Bergmann [Abstract 1692 (1922)], is now explained 
for the most part as due to the influence of extra reflections in the closed 
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space. Measurements in open space on the contrary afford only slight 
evidence of any such dependence and this may be recognised as a return 
effect of the stationary wave upon the emitter. The requisite formula 
of such waves are established for the Hertzian and Abraham sender. 
The curves found by experiment are similar to those calculated for 
proximity to the reflecting partition, but show deviations when damping 
takes place, which is assumed to depend on the environment. Experi¬ 
ments are fully described for closed and open space accompanied by 
20 illustrative diagrams. H. H. Ho. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

622. The Equilibrium Theory of Electrical Conduction. A. T. Water¬ 
man. (Phys. Rev. 22. pp. 259-270. Sept., 1923.)—In attempting to 
explain the electrical conductivity of good and of poor conductors, the 
electron theory has so far required quite different methods of treatment, 
a brief account of which prefaces the paper. It is now the author’s 
purpose to show that, in an exceedingly natural and simple manner, it is 
possible to explain the temperature variation of electrical conductivity 
for both good and poor conductors on identically the same hypothesis 
for each. The theory proposed accepts the expression for the conductivity 
given by the simple electron theory, but. like the theory proposed by 
Caswell, it assumes a constant or nearly constant mean free path, and 
explains conductivity variations by variations in the concentration of 
the free electrons. Like the theory of Koenigsbcrger. it is based upon a 
chemical dissociation of atoms into ions and free electrons. (1) General 
Equation. —The concentration of free electrons is assumed to be deter¬ 
mined by the reaction : normal atom + ion + v electrons, which 
is governed by the ordinary laws of chemical equilibrium, and this gives 
for the specific electrical resistance, p == C(vN) -«/('+where v is 
the valence in the reaction. N the concentration of atomic nuclei, 
a = {y + 4)/2(v + 1) b - - fc)/(* + 1)R. - fa _ fa) being the 
mean energy required to bring about the hypothetical reaction of 0°K. 
Hus formula shows fair quantitative agreement with experimental data 
for both good and poor conductors; in particular, the constant a is about 
1-25 for the alkali metals and less for metals of higher valence except 
m the case of Fe and Ni. For the metals the requirement is that <j> 0 be 
slightly less than fa, while for poor conductors fa must be considerably 
greater than fa. (2) Interpretation of Constant b in Terms of Photoelectric 
and Thermionic Work Functions.—<f> 0 and fa are identified with the photo¬ 
electric energy function and with the corresponding thermionic function 
respectively. According to the theory proposed, the ordinary expression 
for the thermionic saturation current becomes : i = BT«-+ , >/ 2 <*'+ , k— / RT , 
where a > = (fa + vf, 0 )/(u + 1) in the present notation. Therefore for 
metals the photoelectric fa and the thermionic w as experimentally 
determined should be practically identical, while for poor conductors 
the experimental fa should considerably exceed to. These conclusions are 
both in agreement with the facts. (3) Explanation of Photo-Conduction.— 
This theory suggests that the mean value of fa is diminished by absorption 
of radiation of the resonance frequency. For poor conductors this would 
bring about an increase in conductivity, while for metals at ordinary 
temperatures the conductivity would not be sensibly affected ; at very 
low temperatures metals should prove photo-sensitive. H. H. Ho. 
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623. The Electrical Conductivity of Metals. A. Schulze. (Zeits. f. 

Metallkunde, 15. pp. 33-40, Feb., and pp. 155-160, June, 1923.)—Con¬ 
tains an account of the present state of knowledge of this subject, 
including the phenomena of abnormal conductivity near the absolute 
zero, the effects of impurities, and those of cold working and heat treat¬ 
ment on a large number of different metals. H. N. A. 

624. The Compressibility and Pressure Coefficient of Resistance of 

Rhodium and Iridium. P. W. Bridgman. (Am. Acad., Proc. 69. pp. 110- 
115, Nov., 1923.)—The compressibility and the pressure coefficient of 
electrical resistance for a large number of metals have already been 
determined [Abstract 1698 (1922)]. The present paper contains the 
results for Rh and Ir. The degree of purity of the Rh was much higher 
than that of the Ir used, as shown by values of the temperature coefficient 
of electrical resistance. At 30° the compressibility of Rh is 3-72 x 10“ 7 , 
ofIr2-68 x 10-\thcpressurecoefficientofresistanceof Rh — 1-74 x 10- 6 , 
and of Ir — 1-35 x 10-°. The paper also contains a table comparing 
these properties with atomic weight and atomic volume for metals in 
three related series, viz. (1) Fe. Co, Ni; (2) Ru. Rh, Pd* (3) Os, Ir, Pt. 
The properties do not progress regularly in these scries. L. L. 

625. Further Experiments with Liquid Helium. On the Electric 

Resistance of Pure Metals, etc. XII. Measurements concerning the 
Electric Resistance of Indium in the Temperature Field of Liquid Helium. 
W. Tuyn and H. K. Onnes. (K. Akad. Amsterdam, Proc. 26. 7-8. 
pp. 504-509, 1923. Comm. No. 167a from the Phys. Lab., Leiden.)— 
For the further detection of super-conducting metals the behaviour of 
those elements has been investigated which take a place near already 
known super-conductors in the periodic system, and for this purpose 
indium, which is above thallium and by the side of tin, was chosen. 
Details of preparing the indium wire are given and measurements in 
liquid helium described, the apparatus being the same as on a previous 
occasion [see Abstract 1458 (1923)]. The measurements were made by 
compensation of the potential at the extremities of a known and an 
unknown resistance connected in series, by the aid of a Diesselhorst 
compensation apparatus free from thermo-electromotive forces. Tables 
of results are given. The question now arises as to whether the vanishing- 
point temperature has a periodic character. In the periodic system, 
In lies above Tl, Sn above Pb, and it is remarkable that the above 
temperature rises both from In to Sn, and from Tl to Pb. Towards 
the left, from Tl to Hg, it also ascends, and if this rise should continue, 
the vanishing-point temperature of Au would lie higher than that of 
Hg. Since Au does not become super-conducting on cooling to 1-6° K, 
the conclusion might be drawn that Au—perhaps with other metals— 
can never become so. H. H. Ho. 

626. Electrical and Thermal Properties of Iodine. A. Pochettino 
and G. Fulcheris. (Accad. Sci. Torino, Atti, 58. 14. pp. 311-320, 
1922-1923.)—The specific resistance of iodine was measured, using very 
pure powdered iodine, sublimed four times, compressed into small 
cylinders, having a mean density 4 • 7 placed between cylinders of graphite, 
which served as electrodes. Special care was taken to preserve the 
cylinders during preparation from any contact with substances with 

VOL. xxvii.— a.—1924. 


ELECTRICITY AND MAGNETISM. 


217 


which the iodine might react. They were preserved from humidity in 
the air by being kept in a desiccator, and during the experiment were 
pressed between the graphite electrodes by means of a vice, from which 
the system was insulated by sheets of glass. By means of a sensitive 
Deprez-D’Arsonval galvanometer the current passing through the iodine 
from a battery of secondary cells was measured. As a secondary circuit 
with another galvanometer showed the existence of a thermoelectric 
current, due to the Peltier effect at the iodine-graphite surfaces, care 
was taken to determine the strength of the primary current as quickly 
as possible. The specific resistance of the solid iodine was found to be 
113-2 X 10 8 at 4°-l, and steadily decreased as the temperature rose to 
1*1 x 108 at 42°-7. the highest temperature used in the experiments. 

The thermal conductivity of pure iodine in the solid state was 
measured, and was found to vary from 0 001006 to 0-001103. with a 
moan value of 0-001066 sensibly constant in the interval of temperature 
24°-4-42°-86. J. J . S. 

627. The Electric Conductivity of Salt Vapours. G. C. Schmidt and 
R. Walter. (Ann. d. Physik. 72. 8. pp. 566-594, Nov.. 1923.)—In 
previous papers the conductivity of salt vapours has been investigated 
by Schmidt [see Abstract 1184 (1918)]. A method is here described 
for measuring vapour pressure, and the apparatus used in determining 
the conductivity of the halogen salts of Zn and Cd is dealt with in detail. 
It is found that the conductivity of the vapour depends very largely upon 
the time. In general the conductivity at the beginning increases with 
the time, reaches a maximum, and then begins quickly, afterwards 
slowly, to fall. The salt most used is Cdl 2 . The heated salt emits only 
positive.-ions, and this result is due to surface ionisation and not to 
volume ionisation. When the Cdl 2 is heated on nickel or glass only 
positive ions arc given out. as happens with Pt. The heated oxides of 
Cd and Zn and the metals themselves give out at relatively low tem¬ 
peratures neither ions nor electrons. The distillate of Cdl 2 is richer 
in Cd than the original salt, and it becomes the more so the more often 
it is distilled. Cdl 2 thus loses iodine, and a complex salt is formed. 

A. E. G. 

628. Specific Resistance and Temperature Coefficient of Resistance of 
Solutions of Potassium in Liquid Ammonia. C. A. Kraus and W. W. 
Lucasse. (Am. Chem. Soc.. J. 45. pp. 2551-2555. Nov., 1923.)—Some 
additional values, agreeing with previous observations, are given for the 
specific resistance of solutions of potassium in liquid ammonia. The 
resistance temperature coefficient of concentrated solutions has been 
measured from a dilution of 6 litres to the saturation-point. The 
change of the temperature coefficient as a function of the concentration 
parallels that previously observed in the case of solutions of sodium. 

A. A. D. 

629. Resistivity of Aluminium at Different Temperatures. G. Grass!. 
(Accad. Sci. Torino, Atti, 68. 4-5. pp. 89-94, 1922-1923.)—Tests were 
made with the purest specimens of aluminium obtainable. Two samples 
from different sources containing 99 • 7 % A1 gave almost identical results. 
The resistivity, R, at 0° is 0-02644, and the temperature coefficient, 
a, at 0° is 0-004270, as deduced from experiments with these specimens. 

vol. xxvii.— a.—1924. 



218 


SCIENCE ABSTRACTS 


ihus the product Ra = O’0001129. From previous experiments by 
the author on aluminium of pureness less than 99 % this product was 
found to be little variable around the value 0-0001141. - J. J. S. 

630. Electrical Resistance of Commercial Aluminium. L. Guillet. 
(Comptes Rendus. 177. pp. 953-955. Nov. 12, 1923.)—The presence of 
iron and silicon in the commercial material raises the value of the specific 
resistance above that found for the pure metal. Silicon has a bigger 
effect than iron. Mechanical working does not affect the resistance to 
any extent. This is particularly the case for the pure material. 

A. A. D. 

631. The Effect of Small Temperature Variations on the Conductivity 
of Solid Salts, and the Influence of Moisture Thereon. P. Vaillant. 
(Comptes Rendus. 177. pp. 637-639. Oct. 8. 1923.)—As a result of the 
development of his previous work [sec Abstract 1700 (1922)), the 
author has discovered two distinct types of conductivity—temperature 
curves, according to the mode of preparation of the sample. If the 
powdered solid is mixed into a paste and then dried, the heating and 
cooling curves both coincide with the Richardson formula C = aT**- fc / r . 
The same curve is obtained when the operation is repeated whatever 
time has elapsed since the previous experiment. If the salt is powdered 
and compressed between the electrodes, or is in the form of crystalline 
lamina*, the conductivity first rises to a maximum and then falls off: 
this diminution continues on cooling until at the original temperature 
the conductivity is below its initial value. On repeating the operation, 
the conductivity curve is of the same form, but diminishes in amplitude. 
A further experiment shows no change in conductivity. The loss of 
conductivity is only momentary, and the value rapidly rises above its 
initial figure, when heating and cooling curves may be obtained as before, 
with increased magnitude. 

Dry air passed over the solid salt causes a rapid decrease in con¬ 
ductivity, while saturated air produces a considerable increase. All these 
phenomena can be explained by assuming that conductivity in solid 
salts is due to the presence of a film of moisture at the surface whose 
condition will determine the value of the conductivity and its sensibility 
to temperature variations. B. W. C. 

632. The Effect of Tension on the Thermal and Electrical Conductivity 
of Metals. P. W. Bridgman. (Am. Acad., Proc. 59. pp. 119-137, 
Nov., 1923.)—The metals investigated were Cu, Al, Fe, Ag, Pt, Pd, and 
Ni. These were chosen because they can be obtained in a state of purity 
and homogeneity and belong to the cubic system. Experiments on the 
change of thermal and electrical conductivity of metals when subjected 
to hydrostatic pressure have been previously described [Abstract 1698 
(1923)] and the Wiedemann-Franz ratio found to alter with pressure. 
In the present investigation the specimen was in the form of a drawn 
rod, 15 cm. long, 3 mm. diameter, fixed in copper grips. It was hung 
from the ceiling by a rod fixed in the upper grip and the load was applied 
gradually to the lower grip by a lever device. To measure the thermal 
conductivity the rod was heated electrically at the middle, while its ends 
were water cooled. The energy input in the heater and the temperature 
gradient on each side of this central heating coil were measured. The 
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electrical resistance of the specimen was determined by a fall of potential 
method. Except in the case of Ni, both the thermal and electrical 
conductivities diminish under tension. The diminution in the thermal 
conductivity is small, but it is greater than can be accounted for by 
change of dimensions due to tension. The table gives a summary of 
results. 


Per cent. Change of CooducUvity. 



Proportional Change of 
Specific Conductivity 
per kg./cm.*.* 


Electric. Thermal x 10*. Electric x 10«. 


- 0165 

- 0-327 

- 0-154 

''•sis 

•257 

- 0-235 

- 0146 

- 0-209 

- 0-119 

- 0-43 

- 0-23 
+ 0-48 


- 2-1 

- 1-90 

- 2-37 

- 0 * 20 

- 1-35 


- 1-2 


+ 0-48 



+ 0-076 


• Corrected for dimeoatoo changes under tension. 

The changes of electrical conductivity under tension are of the same 
order as those found by Tomlinson for these metals. The thermal effects 
are however, different in sign to those obtained by previous observers. 

The results are then discussed from the point of view of the classical 
electron theory. This requires constancy of the Wiedemann-Franz ratio 
and is therefore insufficient. In the opinion of the author the atom plays 
a part in the mechanism of conduction amounting probably to one-third 
of the whole in the case of thermal conduction. He conceives the electrons 
as moving in " grooves " through the atoms-their motion is restricted. 
I he effects of hydrostatic pressure and tension on their "free paths" 
would not be the same. Pressure would lengthen all free paths, tension, 
only those in its direction, the others being shortened. Roughly the 
experimental results conform with these conceptions. L. L. 


633. TfmrmQeUetnc Properties of Sputtered Films of Gold Platinum 
R ' M * Holmes * (Pky. Rev. 22. pp. 137-147. Aug.. 
1923.)—The thermoelectric properties of kathodically deposited films 
are studied over the range 0 °C. - 300° C. The e.m.f. obtained from 
a pair of films in contact is usually much less than that obtained from 
the corresponding solid metals. The position of the neutral point is also 
altered. As the films differ structurally from the mother metals thermo- 
currents can be obtained from a film in contact with its parent metal. 
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Several such couples are studied. In all cases baking at 600° C. diminishes 
the e.m.f. obtained. In the case of palladium, mono-metallic couples 
have been investigated, one element consisting of a film containing 
occluded hydrogen the other element being gas free. Baking at 500° C. 
removes the effects observed. A simple electronic theory is developed 
to explain the results obtained in this case. There is fair agreement 
between theory and experiment. A. A. D. 

634. Influence of Occluded Hydrogen on the Resistance of Platinum. 
R. Suhrmann. (Zeits. f. Physik, 19. 1. pp. 1-16, 1923.)— The effect of 
occluded hydrogen on the resistance of platinum foil is here investigated 
over the range 400° C.-1600° C. Two foils were used. The first was 
" gassed ” by heating in an atmosphere of hydrogen, and the second 
electrolytically. The foils were then heated in vacuo, observations of 
resistance being made as the hydrogen was driven off. The two foils 
behaved in an analogous manner. At any given temperature there is, 
at first, an increase of resistance as the gas is evolved, followed by a 
diminution. The effects appear to be more marked at the lower 
temperatures. 

The problem is complicated by the fact that structural changes occur 
in the platinum as a result of heating. To separate the change of 
resistance due to this cause, from that due to loss of hydrogen, observa¬ 
tions were made on the radiating power and photoelectric properties 
of the foil. The former is only affected by structural alterations and 
the latter by loss of gas. In this way the two effects can be separated. 

A. A. D. 


635. Electric Conductivity and other Properties of Reguline Lead 

Peroxide. W. Palmaer. (Zeits. Elektrochem. 29. pp. 415-428, Sept., 
1923.)—Some dark-coloured metallic oxides and sulphides, especially if 
of metallic lustre, conduct the current fairly well like metals. Natural 
crystals vary much in this respect owing to the accidental distribution 
of impurities, often finely disseminated. The author prepares reguline 
lead peroxide in layers of 1 cm. thickness after Ferchland by depositing 
the peroxide on carbon from aqueous lead nitrate. The peroxide was 
dark brown or black-grey, of metallic lustre and brittle, Chemically very 
pure, free of nitrate, but contained 0 002 % Mn0 2 and more moisture 
and oxygen, which cannot be expelled by heat; the hydrate H 2 Pb0 3 
was not found ; density 9 -36 at 15° ; hardness 5 to 6 ; specific heat 0-064 
(between 20° and 100°) ; molecular heat 16-24 at 60°. For the conduc¬ 
tivity determination a rod of the peroxide is clamped between copper 
plates and suspended by two platinum wires, fitting into grooves near the 
ends of the rod ; these wires are connected to an electrometer; the 
rod is weighted during the test. The corrections required are dis¬ 
cussed. The specific resistance is w 0 = 0-000091; the resistance decreases 
between 20 and 84° at the rate of 0-06 per 1°C. The conductivity 
is higher than that of mercury and bismuth. H. B. 

636. Spectro-Photoelectric Effects in Argentite and the Production of 
an Electromotive Force by Illumination. P. H. Geiger. (Phys. Rev. 
22. pp. 461-469, Nov., 1923.) —Brown, Sieg, Pfund, Coblentz, etc., have 
studied the change of resistance of various substances, notably selenium, 
with change of illumination, and Case [see Abstract 669 (1917)] found about 
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20 different crystalline substances which show an increase in conductivity 
with illumination. The present investigation was undertaken with the 
purpose of studying the electrical and photoelectrical propertiesof argentitc 
(Ag 2 S), when a new and unexpected property was revealed in that if 
argentite be connected in a closed circuit with a galvanometer and one 
surface of contact is illuminated, then an e.m.f. is produced which 
increases with the intensity, reaching a limit of about 0 013 volt for 
600 candle-metres and over. On continued exposure, marked fatigue 
is shown, the e.m.f. decreasing in a few minutes to half value. By 
use of a monochromatic illuminator and a suitable intensity control, 
the e.m.f. was found to show a sharp maximum for about 1/z. The 
results were found to be independent of the contacts used whether 
Cu, Al, Fe, Sn, Ag, or water. The effect was clearly not thermoelectric 
and different samples showed similar results. No transmitted light 
effect was observed. Six other minerals were found to exhibit the effect 
to a greater or less extent, including molybdenite (MoS 2 ) and acanthite 
(Ag 2 S). The resistance of argentite was found to vary with voltage, 
and, measured instantaneously, was only half as great for 20 as for 
A volts. The resistance is about 4/5 as great in the light as in the dark, 
the ratio being independent of voltage. The resistance also increased 
with time, the crystal finally reaching a state when no longer light sensitive. 
Recovery was slow. Experimental details arc included. H. H. Ho. 

637. The Thermoelectric Effect in a Homogeneous Wire with 
Abrupt Change of Section. L. Pechinger. [Extract from Experimental 
contribution to the question of the existence of Benedicks’ thermoelectric 
asymmetric effect.] (Akad. Wiss. Wien. Ber. 131. 2a. No. 8. pp. 491- 
494, 1922.)—The author refers to the work of Benade [Abstract 195 
(1922)] who found this effect to decrease as the mean temperature increased, 
thus excluding Benedicks' explanation of the phenomenon as the inverse 
of the Thomson effect. In the present paper the section of Fe. Ni, 
and constantan wires was altered by filing over a length of 9 mm. and 
a steep gradient of temperature produced by heating the wire on one 
side of the constriction. The e.m.f. is found to depend on the shape 
of the constricted section and with the same wire to reverse sign with 
the magnitude of the heating current used to produce the gradient. In 
the opinion of the author the effect is an ordinary thermoelectric effect 
due to lack of homogeneity of the inner and outer portions of the wire. 

L. L. 

638. The Diminution of Benedicks’ Thermoelectric Effect in Vacuum. 

E. Rurapf. (Phys. Zeits. 24. pp. 437-438. Oct. 16, 1923. Paper read 
before the Deut. Physikertag., Bonn, Sept., 1923.)—In the opinion of the 
author a possible explanation of this effect [Abstract 1369 (1917)] is the 
occlusion of gas in the cooler part of the conductor. It is known that 
Pd -- Pd/H forms a thermocouple. Although quantitative experiments 
on the effect of occluded gas are difficult, the author finds that in the 
case of Cu the effect is reduced to one-half when the air pressure 
surrounding the wire is 2 mm. of mercury and to about one-tenth of its 
normal value when the pressure is 0-0002 mm. L. L. 

639. Formula and Tables for Calculation of Inductance of Coils of 
Polygonal Form. F. W. Grover. (Bureau of Standards, Sci. Papers 
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No. 468. pp. 737-762, May, 1923.)—Single-layer coils wound on formers 
so that each turn encloses a regular polygon are much used in radio 
measurements since such coils are easy to construct, have small self¬ 
capacity, and the wire is only supported by solid dielectric at the vertices 
of the polygon, thus reducing dielectric losses to a minimum. The 
paper provides formula; from which the inductance of coils wound on 
triangular, square, hexagonal or octagonal formers can be calculated. 
It is shown that the polygonal coil has an inductance which is nearly 
the same as that of a circular coil of equal number of turns and axial 
length, if the circular and the polygonal forms enclose the same area. 
The results are presented in such a way that the radius of the circular 
coil which has an inductance exactly equal to that of the polygonal coil 
can be easily found. The inductance is then calculated for this equivalent 
circle by the use of existing formulae for circular coils. Tables and curves 
of equivalent circular coils are given to assist in the numerical computation, 
examples being worked out in the text. • B. H. 

640. Standards of Capacity Particularly for Radio-Frequency Currents. 
J. B. Dempster and E. O. Hulburt. (Inst. Radio Eng., Proc. 11. 
pp. 399-404. Aug., 1923.)—Describes with diagrams and measurements 
the construction of a standard condenser consisting of two coaxial 
cylinders, after a manner suggested by the late Lord Rayleigh in 1906, 
in order to avoid errors due to end and lead wire capacities. The total 
capacity is unknown, but the variation of capacity can be accurately 
determined by calculation. This apparatus could not be compared with 
standard condensers, but indirect measurements were made with 
undamped oscillatory circuits and confirmed the theoretical values. A 
method of increasing the sensitiveness of a thermocouple when used to 
indicate resonance of circuits, based upon increase of coupling with 
increased induced current and increased sharpness of the resonance 
curve, is described. Finally the unsuitability of standard condensers of 
simple geometric form (discs and spheres), due to the disturbance of the 
electrostatic field by the connections, is discussed. B. J. L. 

641. Multiple Range Potentiometers. L. Behr. (Optical Soc. of 

America, J. and Rev. Sci. Inst. 7. pp. 665-669, Aug., 1923.)—The paper 
briefly describes the early development of the potentiometer, particularly 
the attempts to produce a multiple range instrument. The three-range 
potentiometers of Raps and of Franke and also the arrangement adopted 
by Leeds and Northrup are illustrated, their advantages and disadvan¬ 
tages being pointed out. All these instruments suffer from the defect 
that check against the standard cell can only be made on the high range. 
Two designs of double range potentiometer, suitable for thermo¬ 
couple work, are described in which the check can be made on both 
ranges. B. H. 

642. Moving-Coil Galvanometer of Rapid Indication. W. J. H. Moll. 
(Phys. Soc., Proc. 35. pp. 253-256, Aug., 1923.)—Although the voltage 
sensitivity of a galvanometer is useful, the statement of the least 
measurable voltage is often a matter of more practical interest as deter¬ 
mining the precision of reading. The stability of the spot of light is 
often as important, in this connection, as the sensitivity. No less 
important is rapidity of indication, for quite apart from the saving of 
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time in taking observations rapid indication gives less time for disturbing 
electrical influences to have an effect on the readings. 

The paper describes a galvanometer of rapid indication and great 
stability and discusses fully the details of design necessary to secure 
these features. It is shown that the desired end can be attained by 
sufficient reduction of the moment of inertia of the coil. The latter is 
long and narrow and is made of iron-free copper wire without a former, 
the turns being held together by a little shellac. The mirror is supported 
by the coil, being merely slipped between the turns. The coil is 
supported above and below by centrally mounted stretched wires of 
silicium bronze, a material of lower electrical resistance than the usual 
phosphor bronze, but of similar mechanical properties. The coil moves 
in the field of a strong permanent magnet fitted with a magnetic shunt 
so that the indications can be made aperiodic for varying external 
resistances. The use of an electromagnet is also suggested. Photo¬ 
graphic records of the indications of the instrument illustrate the 
efficacy of the design. B. H. 

643. Oscillograph Based on the Telephone. R. Dubois. (J. de Physique 

$t le Radium, 4. pp. 272-280. Aug., 1923.)—A small optical lever is 
actuated by a fine rod fixed to the diaphragm of a telephone. The 
movements of the diaphragm are registered by a beam reflected from 
the mirror on to a moving sheet of sensitised paper. The Baldwin 
telephone is the most suitable for the purpose. The details of the 
mountings for three types of optical lever are given. Such an instrument 
is suitable for the automatic reception of Morse messages. It can also 
be used for many purposes in place of the Duddell instrument, than 
which it is more sensitive. A. A. D. 

644. A New Relay. H. A. Thomas. (Joum. Sci. Instruments, 1. 
pp. 22-26, Oct., 1923.)—A relay in which the motion of a small metallic 
surface with respect to the fixed oscillating coil produces a large change 
in the anode current, which may be used to operate any type of mechanism 
without the utilisation of any contacts. Application to the operation 
and maintenance of a standard pendulum, without contacts. A. D. 

645. Kathode-Ray Oscillograph and its Application to Measurement 
of Explosion Pressures, Potential Changes in Vacuum Tubes, and High- 
Tension Magnetos. D. A. Keys. (Frank. Inst., J. 196. pp. 677-691, 

ov., 1923.)—The type of kathode-ray oscillograph described in this paper 
supplies an instrument of great value in many investigations. In its 
robust form [see Abstract 1221 (1923)) it will be useful to the engineer for 
the measurement of very rapid potential or pressure changes of an impulsive 
nature. Experiments are described in which the oscillograph is used 
to record explosion pressures (in conjunction with the piezoelectric effect 
of tourmaline crystals), magneto potential curves, etc. A. B. W. 

646. Piezoelectric Crystal Resonators and Crystal Oscillators Applied 
to the Precision Calibration of Wavemelers. G. W. Pierce. (Am. Acad., 
Proc. 69. pp. 81-106, Oct., 1923.)—The resonator used in the work here 
described was of the type previously described by Cady [Abstract 66 b 
( 1923)], but only a single triode vacuum tube was used. In the anode 
circuit was included a condenser of about 0-001 /*fd. (across which could 
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be connected either telephones or an audio-frequency amplifier) and 
a 30,000-ohm resistance. The latter could be replaced by an inductance 
of any large value. A grid leak was used of about 1 megohm, and the 
piezoelectric crystal, provided with electrodes, was connected across the 
anode and grid. With the quartz crystal used, oscillations were generated 
in the valve circuit of frequency 419,640 cycles per second. This 
frequency was found to be remarkably constant. Variation of tem¬ 
perature from 8° to 24® C., of pressure on the crystal from a small amount 
to 2 kgm., of filament current, anode voltage, resistance, inductance, or 
capacity had no effect on the oscillation frequency as great as 0 03 %. 
By means of this single fixed frequency and its harmonics, used in 
co-operation with a variable electric oscillator and its harmonics, it has 
been found possible to calibrate completely and by fine steps a series 
of wavemeters extending in range from 50 m. (6000 kilocycles per second) 
to 50,000 m. (6 kilocycles per second), and to obtain finally the absolute 
period of the crystal oscillator itself in terms of a standard clock, a tuning- 
fork being used as intermediary. The calibration was carried out with 
an accuracy of about 0-1 % over the entire range, and a number of 
crystal resonators were then standardised as to fundamental and partial 
frequencies. A. W. 

647. Temperature Coefficients of Unsaturated Weston Cells. W. C. 

Vosburgh and M. Eppley. (Am. Chem. Soc.. J. 45. pp. 2268-2277, 
Oct., 1923.)—Cells were made up with a series of solutions of cadmium 
sulphate. The e.m.f. increases in an approximately linear fashion as 
the cadmium sulphate concentration decreases. The e.m.f.’s are linear 
functions of the temperature between 15° and 35® C., but are not 
between 35° and 45° C. In the case of the solution having 43-12% 
of CdS0 4 the e.mrf. is independent of temperature between 15° and 35® C. 
and has an e.m.f. of 1-01873 volts. Mercurous sulphate, prepared by 
reduction of mercuric sulphate with formaldehyde at 100® C., behaved 
in the same manner as the electrolytic salt. The differential heat of 
solution of hydrated cadmium sulphate is calculated, and is not in 
accordance with the figures given by Stcinwehr. W. R. C. 

648. Measuring Very Small Currents. Research Staff of General 
Electric Co., London. (Journ. Sci. Instruments, 1. pp. 56-59, Nov., 
1923.)—The method described for measuring currents of 10""® amps, 
or less, consists essentially of a current divider, dividing a current of 
variable magnitude into two very unequal fractions, t'i and t 2 , the ratio 
r of these functions being independent of the current. In this particular 
instrument the ratio is about 10 , 000 : 1 , the smaller fraction * 2 of the 
two currents being used to compensate the larger fraction i v In an 
evacuated vessel is a hot tungsten wire kathode heated by a battery 
controlled by a rheostat. The anode is a nickel cylinder coaxial with 
the kathode, and consists of a central portion, terminated by nickel guard 
rings. The current tj flows between the kathode and the central anode 
cylinder, which is pierced by a small hole. Electrons falling on this hole 
pass into a Faraday cylinder and provide the current * 2 » used to com¬ 
pensate the unknown current. Causes which are likely to produce a 
variation in r are (1) the presence of residual gas in the vessel; (2) the 
current may distort the field; (3) the field will be changed somewhat 
by variations in the voltage drop along the filament; (4) some part of the 
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current through the hole may be carried by secondary electrons excited 
by the impact of the primaries on the anode; (5) the distribution of 
temperature and therefore of thermionic emission along the kathode 
will change with its mean temperature and with the total current. All 
these causes are discussed in some detail. T. C. H. 

649. A Simple Compensation Method for the Measurement of Capacity. 

W. Geyger. (Jahrb. d. drahtl. Tele. 22. pp. 155-163, Oct., 1923.)— 
The method has been described by the author in the Archiv fur Elektro- 
technik [Abstract 329 (1924)]. In the present paper the use of a 
telephone receiver, instead of a vibration galvanometer, as a null instru¬ 
ment is mentioned ; in many cases a tube voltmeter can be advan¬ 
tageously employed. The variation of the capacity of an electrostatic 
voltmeter with the deflection has been measured by means of the tele¬ 
phone, and in a valve tube the capacities between kathode and anode 
have been obtained. H. N. A. 

650. Measurement of Dielectric Losses at High Voltages by the Wien 

Bridge. A. Rosen. (Phys. Soc., Proc. 35. pp. 235-251 ; Disc., 251-252, 
Aug., 1923.)—The author first defines the loss-angle of an imperfect 
condenser, and discusses the methods which have been used to measure 
it, especially in the case of high-voltage electric cables. The theory of 
the ordinary form of Wien bridge is given, in which the imperfect con¬ 
denser (represented by a perfect capacitance in parallel with a resistance) 
is compared with a standard condenser and series resistance in the adja¬ 
cent arm of the bridge. The remaining arms consist of the ratio resis¬ 
tances. In the usual form, with the detector connected across the ratios, 
the standard condenser is an air condenser built to withstand the high 
voltage. The author shows that by interchanging the positions of 
detector and source— i.e. connecting the source across the ratios—the drop 
of voltage over the standard arm can be made low, so that standard 
mica condensers can be used. The ratio resistances are then made to 
withstand the testing voltage. Earth-capacity effects at the detector 
branch points are eliminated by the use of the Wagner earthing device. 
Full practical details of the experimental arrangements are given, 
together with the results of tests on cable samples up to 30 kilovolts. A 
comparison of loss measurements made by the bridge and by the high- 
voltage Duddell-Mather wattmeter is added. The use ofjthe bridge to 
measure the wire-to-wire and wire-to-sheath losses in multicorc cables 
ib described and the paper concludes with appendices in which the 
residual errors of the bridge and the theory of the earthing device 
are worked out. B. H. 

651. Measurement of High Values of Insulation Resistance. J. B. 
Whitehead. (El. World. 82. pp. 1007-1009, Nov. 17, 1923.)—After 
briefly discussing the physical properties of insulating materials, in par¬ 
ticular those of dielectric absorption and resistivity, the paper proceeds 
to describe an experimental trouble encountered in making measurements 
of these quantities. Using a test sample made up as a guard-ring con¬ 
denser, and employing the ordinary direct deflection method with a 
highly sensitive galvanometer, great difficulty was found in taking 
the galvanometer deflection/time curves for various voltages, from 
which the absorption and resistivity can be deduced. When the 
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absorption current had died out and only the small conduction 
current remained, the galvanometer spot became violently unsteady. 
This instability was finally traced to slight fluctuations in the voltage 
of the d.c. supply, these variations being too small to be detected by 
any ordinary voltage-measuring instrument. High-voltage d.c. generators 
were first tried, and these were replaced with very slight improvement 
by a hot kathode rectifying tube. Owing to cost and difficulty of main¬ 
tenance, storage cells were considered out of the question. Success 
was finally attained by the use of a source consisting of 2000 dry cells 
of the type used in radio plate batteries mounted in suitable frames. 
The initial cost is not great, and though the life is short, the cost of 
replacements is not high. The battery has characteristics equalled only 
by the much more expensive storage battery. B. H. 

652. Dielectric Losses at Radio Frequencies in Liquid Dielectrics. 

A. B. Bryan. (Phys. Rev. 22. pp. 399-404, Oct., 1923.)—The resistance 
variation method was used to measure the phase-difference tp and the 
dielectric constant K for frequencies between 2 x 10 5 and 14 x 10 6 
cycles per second. The liquids investigated were carefully dried nitro¬ 
benzene, distilled water, and xylene. The results for the first two were 
similar, and the variation of ip with the frequency / can in both cases 
be represented by an equation of the form tp = a + b/f, where a and b 
are constants. For nitrobenzene at 30° C. a = 0-028° and b = 6-03 X 10 4 ; 
for distilled water at 23-5° C. a =» 0-8° and b = 2-09 x 10°. These 
results indicate that in addition to true dielectric loss there is a leakage 
through the liquid proportional to 1//. For xylene, tp was too small 
to measure. K was found to be practically independent of the frequency, 
being 2-24 for xylene, about 35-5 for nitrobenzene, and of the order 
of 100 for water. As regards temperature, experiments with a sample 
of nitrobenzene, for which tp was 12 times as great as for a carefully 
dried sample, showed a decrease of the value of K from 42 at 20° to 24 
at 142°, while tp increased in the same range in the ratio of 7 to 1. 
[See Abstract 2264 (1923).] A. W. 

653. Measurement of Short Radio Wave-Lengths and their Use in 
Frequency Standardisation. F. W. Dunmore and F. H. Engel. (Inst. 
Radio Eng., Proc. 11. pp. 467-478. Oct., 1923.)—The paper describes 
one method <J< establishing frequency standards employed by the Bureau 
of Standards. The method is based on the direct measurement, in 
linear measure, of the wave-length of very short standing waves on a 
pair of parallel wires. The wave-lengths measured were from 9 to 16 m., 
the corresponding frequencies being 33,000 to 19,000 kilocycles per second. 
The generator for these frequencies had for grid and anode coils single 
turns of No. 12 copper wire 18-5 cm. diam. spaced about 3 cm. apart. 
The valve capacities were such’ that a 9-m. wave was obtained with no 
additional capacity. The addition of a small variable air condenser 
connected across the grid and anode served to give a range down to 
17 m. wave-length. Choke coils were introduced in all battery leads 
to maintain stable operation. The parallel wire system terminated in 
a loop which was used for coupling to the generator. A sliding thermo¬ 
galvanometer was used as indicator for the standing waves along the 
wires, and with a shunt across its terminals the adjustment for maximum 
current could be made to less than 1 mm., giving an accuracy of at 
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least 1 in 6000. A description is next given of a method for calibrating 
a wavemeter at frequencies from 30.000 to 352 kilocycles (10 to 850 m.) 
This method makes use of the harmonics in a second radio-frequency 
set, one of which, when combined with the output from the short-wave 
generating set, produces a beat note in a receiving set tuned to the short¬ 
wave frequency. Exact setting is indicated by the disappearance of the 
beat note. Knowing the frequency of the short-wave set from the 
parallel wire measurements, and the order of the different harmonics 
used in the second generating set. the frequency of the latter may be 
determined within the above limits. The wavemeter standardised in 
these measurements was the standard wavemeter of the Bureau of 
Standards. The results agreed with two other calibrations by different 
methods within 0*2%. A. W 

654. Amplification of the Current of Photoelectric Cells and its 
Applications. G. Ferrte, R. Jouaust and R. Mesny. (Comptes 
Rendus, 177. pp. 847-849, Nov. 6, 1923.)—The instantaneous manner 
in which photoelectric cells respond to the light with which they are 
illuminated makes them valuable for studying certain rapid movements. 
Unfortunately the photoelectric currents arc excessively weak. In 
this paper an account is given of two methods of employing tubes with 
three electrodes as relays without inertia to amplify these minute currents. 
To obtain the best results it is found that the capacity of the grid with 
respect to the different parts of the lamp must be small and that the 
grid must be well insulated. With a lamp having the dimension of an 
ordinary lamp used for reception, an amplification of 1000 has been 
obtained by one of the methods described. By the second method in 
which between the cell and the lighting source a disc furnished with 
slits is made to rotate with a high velocity. With this second arrange¬ 
ment an amplification of the order of 10® has been obtained, and it would 
appear possible by this means to determine periods of oscillation of the 
order of 1/1000 sec. about. A. E. G. 

ALTERNATING CURRENTS AND MAGNETISM. 

' The Theory of the Generation of Alternating Currents by Means 

of Tnodes. N. Shuttleworth. (Inst. El. Eng., J. 61. pp. 1121-1133, 
Oct., 1923.)—On the assumption of straight line characteristics of a 
valve, the equations for its operation as oscillator with magnetic coupling 
between grid and anode circuits (with the anode tap " arrangement) 
are written down and steady state solutions obtained giving the frequency 
of the oscillations and the mutual inductance necessary for their main¬ 
tenance. A study of the relation between output and efficiency follows, 
and some experimental results confirm the conclusions reached. Finally 
a graphical presentation of the oscillating conditions is given. E. M. 

656. Eddy-Current Losses in Massive Iron. A. Lang. (Elek. u. 
Maschinenbau, 41. pp. 621-624, Oct. 28, 1923.)—A mathematical investi¬ 
gation of the eddy-current losses in massive iron when subjeoted to an 
alternating field. The cases dealt with are : (1) A plate, limited in 
the x direction, unlimited in the y, z, directions—field parallel to the y 
axis. (2) A cylinder of infinite length, field parallel to the axis. Each 
case under conditions (o) p = constant, (6) B = constant. L. L. 
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657. The Torques and Forces between Short Cylindrical Coils Carrying 

Alternating Currents of Radio Frequency. W. A. Parlin. (Phys. 
Rev. 22. pp. 193-197, Aug., 1923.)—Measurements were made of the 
forces between two short cylindrical coils carrying alternating currents 
of frequency 60 to 1*5 x 10° cycles.—(1) Coils with a common diameter, 
mounted like a dynamometer, the outer coil being suspended and free 
to turn about the fixed inner one, were connected in series with the 
current in the same sense for zero angle. The torque was found propor¬ 
tional to the square of the current for all frequencies, but for a con¬ 
stant angle began to increase with the frequency at 3 x 10 5 cycles. The 
ratio of the torque for 15 x 10 5 cycles to that at 3 x 10 : * cycles decreased 
from two at 10° to one for 90° and remained one for all angles for which 
the currents were in opposite sense. In the case of 60 cycles, the varia¬ 
tion of the torque with angle corresponded roughly with that com¬ 
puted from Maxwell’s equations. (2) Coils with planes parallel showed 
a similar increase of force with frequency for frequencies above 3 X-10 5 
cycles, when the currents were in the same sense, but not when they 
were in opposite sense. It is suggested that these variations with fre¬ 
quency may be due to the reactions caused by the radiation of energy 
from the coils in the form of electromagnetic waves. Author. 

658. Kennelly's Theorem of Constant Ratio of Mean to Mid Potential 

or Current. A. E. Kcnnelly. (Nat. Acad. Sci., Proc. 9. pp. 215-221, 
July, 1923 .)—Statement of the Theorem .—Let the points 1 , 2 , 3, ... bo 
situated at equal intervals along a uniform electrical conductor which 
is steadily carrying an alternating current of any single frequency. For 
zero frequency the current becomes a steady continuous one. Let the 
angular distance between any adjacent point pair be 0 hyperbolic 
radians, where 0 is, in general, a complex hyperbolic angle; except in 
the continuous-current case, where 0 reduces ordinarily to a real hyper¬ 
bolic angle. Let Ej, E 2 , Ej, . . . be the respective r.m.s. potentials 
of the points, with respect to ground or neutral, expressed in vector 
volts. Similarly, let I lt I 2 . I 3 . . . . be the .respective alternating 
r.m.s. currents in the line at these points, expressed in vector amperes. 
Then (E x + E 3 )/2 is the vector mean potential of the points 1 and 3 
and E a is their mid potential, and their ratio is (E x + Ej^Ej = cosh 0, 
Similarly for the corresponding currents, (Ij + I 3 )/2I 2 = cosh 0, 
That is to say. the mean-to-mid ratio of potentials or currents for any 
two points 1 and 3, angularly distant from each other by 20 hyperbolic 
radians is always the same along the uniform line, so long as the fre¬ 
quency remains constant, and is equal to cosh 0, a complex or plane- 
vector numeric in the general case.. This is Kennelly's theorem. 
Proof .—The proof is very simply obtained by showing it to be a direct 
consequence of the known results that on any uniform real or artificial 
line in the steady state, carrying single-frequency alternating currents, 
the potential and the current at any point are proportional, respectively 
to the sinh and cosh of the position angle of the point. The author 
stated and proved the theorem under very restricted conditions in his 
book. *' Artificial Lines for Continuous Currents in the Steady State,” 1917, 
p. 38. • The theorem also applies to all tables of sinh 0, cosh 0, and e 
whether 0 be real, imaginary, or complex, where, as ordinarily occurs, 
the values of 0 increase in uniform arithmetical progression. Examples 
of the application of the theorem are given. G. W. de T. 
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■ 659. Motion of Rotatable Coil Carrying Alternating Current in Radial 
Homogeneous Magnetic Field. C. Welsglass. (Zeits. tcchn. Physik, 4. 12. 
pp. 473-470, 1923.)—A mathematical investigation that such a coil may, 
under determinable conditions, give a ballistic deflection or one propor¬ 
tional to the current. This does not. however, mean that such an 
arrangement could be employed for the measurement of alternating 
currents ; for, in the first place, the deflection at any moment depends 
on the phase at the moment, and if this and other technical difficulties 
were overcome, another difficulty would remain in the fact that the 
predominance of the principal, or proper motion, does not coincide with 
the equilibrium position. G. W. de T. 

660. Magnetostriction and Magnetoelectric Effects in Iron, Nickel, and 

Cobalt. P. McGorkle. (Phys. Rev. 22. pp. 271-278. Sept., 1923.)— 
Pure annealed wires of the three metals were tested for the Wiedemann. 
Joule, thermoelectric and resistance effects. The method of measuring 
the Wiedemann effect was that of Pidgeon [see Abstract 642 (1919)), 
and in the case of Armco iron the negative twist did not disappear, as 
found by Pidgeon, but continued to increase negatively even in the highest 
ficld9 used (2500 gauss). The results for cobalt found by Pidgeon were 
confirmed, and in all four effects this metal occupies a position intermediate 
botween iron and nickel. In the Joule effect in cobal^therc was a continual 
decrease in length, but no maximum of decrease was observed. In the 
change of thermal electromotive force in a longitudinal magnetic field, 
AE/E was positive for iron, negative for nickel, and cobalt lay between, 
AE/E being first positive and then negative above 300 gauss. In the 
change of resistance in a longitudinal field. AR/R becomes constant for 
iron at 2 x 10 -3 for H > 800 gauss, and for nickel at 14 -8 x 10~ 3 for 
H > 400 gauss; in cobalt AR/R increases steadily to 4 x 10 -3 at 
1000 gauss (seo also Abstract 413 (1917)]. Heaps' results [Abstract 1333 
(1916)] were not confirmed. G. E. A. 

661. Magnetic Moments of Rotation and Magnetic Molecular Orientation. 
R. Lucas. (Comptes Rendus. 177. pp. 950-962, Nov. 12,1923.)—Langevin 
has showed that the rotation of a molecule is able to carry the electrons 
with it, and also the magnetic axis of the molecule, which is only slightly 
deformed by the thermal agitation. A body in rotation will appear, to 
fixed observers, to be polarised magnetically, the intensity of polarisation 
varying with the angular velocity; I = — Zycom/e, in which I = mag¬ 
netic polarisation, ^ =* diamagnetic susceptibility, w = angular velocity, 
m =± mass of electron, e = charge of electron. The effect is too small 
to be measured experimentally, but becomes important in connection 
with molecular rotations. A molecule of HC1, for example, at ordinary 
temperature, has a mean angular velocity of the order of 10 13 ; thus 
the couples due to the action of a magnetic field on the magnetic moments 
of rotation will be greater, in general, than those due to the effects of 
the polarisation caused by the field; and these actions should be taken 
into account in considering the magnetic molecular orientation, and the 
phenomena which depend on it, susceptibility (diamagnetic) and magnetic 
double refraction, as Cotton and Mouton, and Langevin have shown. 
The author- has found that the magnetic orientation depends both on 
the magnetic anisotropy and the inertial anisotropy ; a number of mole¬ 
cules which are magnetically isotropic can show the phenomena of 
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molecular orientation if they have inertial anisotropy. A study of this 
orientation in a particular case does not modify Langevin’s law of the 
relation to temperature and field. H. N. A. 

662. Experiments on the Electric Dissymmetry of Iron Molecules. A. 
Perrier and A. J. Staring. (Arch, des Sciences. 6. pp. 333-360. 
Sept.-Oct., 1923.)—The experimental problem discussed in the present 
paper is that an electric field acting on matter may produce the appearance 
of magnetic polarisation in the same direction and generally may modify 
a pre-existing magnetisation. Previous work by Perrier is referred to 
[see Abstract 762 (1923)]. The present experiments attempt in particular 
the realisation of the following conditions: (1) Separation of certain 
effects of the magnetic field due to the current from those of the electric 
field by means of symmetry processes. (2) Reduction to a practical 
minimum of the intensity of the parasitic magnetic field by a current 
distribution in alternate thin layers. The experiments have only been 
conducted upon iron but have led to certain positive qualitative results. 
Experimental details are given at length with tables and graphs. It 
follows from the data that an electric current, or the field which maintains 
it, excites or modifies the magnetisation of the iron through which it 
travels, in a manner longitudinal with respect to the electric field and in 
the reverse sense. Tfcis would indicate that the iron molecules possessed 
an electric moment of opposite sense to their magnetic moment. 

H. H. Ho. 

663. Effect oj Crystal Structure on Magnetostriction. C. W. Heaps. 
(Phys. Rev. 22. pp. 486-501, Nov., 1923.)—When a bar of iron is placed 
with its length parallel with a continually increasing magnetic field, 
numerous experiments have shown that the bar first grows longer, then 
contracts to its original length, and with increasing field continues to 
contract. Rhoades has found that the fibrous structure of the specimen 
exerts a marked influence on its magnetostriction, while heat treatment 
and crystal structure are of considerable importance. The complicated 
behaviour of iron suggests that the ordinary magnetostriction curve may 
be considered as the resultant of two curves, obtained respectively when 
the field is parallel to certain crystallographic axes. Experimental 
arrangements for the measurement of small changes in dimensions of 
spherical specimens are given, and enable a magnification of 405,700 to 
be obtained. 

Magnetostriction of steel, soft iron and magnetite was investigated, 
using a Weiss electromagnet to produce the field, whose strength was 
varied up to 10,000 to 20,000 gauss, depending on the specimen and 
its dimensions. Curves are given showing the behaviour of a steel sphere, 
both before and after annealing, the changes in the second case being 
much greater. A sphere of soft Norwegian iron gave larger effects than 
the steel sphere, effects which varied with the orientation of the sphere 
in the field. It is interesting to note that according to the curves the 
volume of the sphere at first diminishes and then increases with the 
increasing induction. The maximum longitudinal expansions and trans¬ 
verse contractions are of the same order of magnitude. The induction 
appears to be independent of the direction of the field. 

A soft iron disc, part of a single grain formed in a plate of iron with 
3J per. cent. Si, showed larger dimension changes than have yet been 
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found in iron. Along different diameters of the disc quite different 
results are obtained ; in some cases there was a contraction, in others 
an expansion. Preliminary work with a magnetite sphere indicated a 
lack of cubic symmetry for both transverse and longitudinal effects. 
Changing the direction of the field with respect to the crystal axes may 
change the magnetostriction in a given direction from a contraction to 
an expansion. The transverse magnetostriction changes in a similar 
manner. 

Theories are briefly discussed. As above, the observed curve is the 
resultant of two superimposed effects, and the Villari reversal probably a 
consequence of heterogeneous crystal arrangement in the iron. Ewing's 
latest model of the iron atom seems to be capable of explaining the various 
magnetostrictive effects. [Smith, Abstract 321 (1924).] W. V. M. 

664. The Change of Thermoelectric Force of Iron, Nickel, and Cobalt 
with Time, after Drawing and Magnetisation. J. Thiele. (Ann. 
d. Physik. 72. 7. pp. 549-564, Nov., 1923.)—Borelius has studied the 
effect of drawing, rolling, etc., on the thermoelectric forces of certain 
metals [Abstract 258 (1920)). and in the case of Fe and Ni found that 
the magnitude of the effect changed with time. He concluded from his 
investigations that the effect was dependent on the surface conditions 
of the metals. It could be overcome by heating. Other possible 
explanations suggested by the present author are occlusion of gases or 
the fact that the wires used were magnetic or became magnetised during 
the mechanical treatment to which they were subjected. To elucidate 
this he has repeated the work of Borelius, using essentially the same 
experimental arrangements and commencing with all couple elements 
unmagnetised. In the case of the metals Cu, Al. and Ag his results agree 
with those of Borelius. the magnitude of the change being unaffected by 
time. With regard to the metals Fe and Ni, annealing either in air, 
vacuum, atmospheres of N or of H has no influence on the time change 
of electromotive force, consequently the explanation is not due to gas 
absorption. With drawn samples of these materials (Fe and Ni) Borelius 
found in the case of iron a continuous increase in the magnitude of the 
effect extending over a long period of time (100 hrs.) and in the case of 
Ni a diminution over the same time period. The author, on the contrary, 
finds a diminution for Fe and an increase for Ni, but the time periods 
are shorter (1J hrs.), constant values then obtaining. When the wires 
are magnetised then changes in the effect may be observed over much 
longer periods of time. The sign of the change, however, depends on 
whether the magnetised or unmagnetised element is annealed, and the 
magnitude of the effect depends on the degree of magnetisation but not 
on its direction. Cobalt shows a similar behaviour. Since the wires 
used by Borelius showed changes extending over long periods of time, 
the author concludes that these wires must have been magnetised. L. L. 

665. Paramagnetism at Low Temperatures. L. C. Jackson. (Roy. 
Soc., Phil. Trans. 224. pp. 1-48, Nov. 21, 1923. Comm. No. 163 from 
the Phys. Lab., Leiden.)—An expansion of two previous papers [see 
Abstracts 1988 and 1989 (1923)]. The suggestion was made by Onnes 
and Oosterhuis that the constant A in the equation ^(T + A) = constant 
is related in a simple manner to the distances between the paramagnetic 
atoms in a solid, A being greater the smaller the distance between the 
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atoms in question. The author makes a hypothesis as to the space 
lattice for the nickel atoms in nickel sulphate heptahydrate. The space 
lattice has been tested by the Debye-Scherrer method of X-ray analysis, 
and the X-ray photograph obtained is found to be in agreement with 
the suggested structure. G. E. A. 

666. Demagnetising Factors of Cylindrical Rods. J. Wiirschmidt. 

(Zeits. f. Physik, 19. 5-6. pp. 388-397, 1923.)—This paper deals with a 
determination of the demagnetising factors of cylindrical rods by a 
ballistic method. The factors determined here are smaller than those 
obatined by Mann using the magnetometer method and by Dubois using 
the ballistic method. They agree, however, with the ballistic results 
of Shuddemagen. The demagnetising factor is shown to be independent 
of the composition of the rod for the range of field strengths used—up to 
about 4 e.g.s. units. A. A. D. 

667. Measurement of Magnetic Fields by a Magnetron. A. W. Hull. 
(Phys. Rev. 22. pp. 279-292. Sept., 1923.)— The magnetron is a sym¬ 
metrical thermionic valve in which the kathode is a straight filament 
and the anode a concentric cylinder [see Abstract 1142b (1921)]. The 
effect of applying a magnetic field parallel to the kathode is to cause 
the electrons, at a certain critical voltage or field intensity, to miss the 
cylinder, and tho current to the anode falls abruptly to zero. The critical 
value H 0 of magnetic field just sufficient to prevent electrons from 
reaching the cylinder is given by H 0 - 6-72V*/2/R, where V is the p.d. 
in volts between anode and kathode and R the radius of the cylinder 
in cms. The circuit and mode of working the tube are fully described ; 
the ordinary tube has a field-measuring range of about from 20 to 600 
gauss. The magnetron may also be employed for measuring weak fields 
by supplying the ineffective part of the field by means of a constant 
current in a solenoid enclosing the valve. A device employed for pro¬ 
ducing a current in the coil proportional to V 1 /* is a standard gas-filled 
tungsten lamp in series with coil and filament. The second method 
can be used for measuring fields lying between 0-01 and 100 gauss, and 
the accuracies attainable by the two methods are respectively $ and 

1 per cent. G. E. A. 

668. Trial of a Coil without Iron, Giving Intense Magnetic Fields, 
Application to the Study of the Magnetic Saturation of Iron. R. Fortrat 
and P. Dejean. (Comptes Rendus, 177. pp. 627-630, Oct. 8, 1023.)— 
The apparatus described is designed to prdduce intense magnetic fields 
by the direct action of strong electric currents. The interior of the coil 
contains a free cylindrical space of 34 mm. diameter. The windings 
consist of only 8 concentric layers of coarse wire of electrolytic copper 
of rectangular section# with spaces between them for brisk circulation 
of water. A current up to 4740 amps, was used, absorbing 277 kilowatts. 
The magnetic field was measured by induction, using a coil 30 mm. in 
diameter and a fluxmeter. With a current of ‘3630 amperes a field of 
41,200 gauss was produced, the p.d. at the ends of the coil being then 
61-8 volts. A measurement of the field was also made by the method 
of dinivellation, a change of level of the liquid (water placed in an 
atmosphere of hydrogen) of 7-07 mm. being obtained with a current 
3790 amps. This corresponds to a magnetic field of 43,900 gauss, and 
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agrees well with the induction method. The apparatus has also been 

utilised for the measurement of intensity of magnetisation of iron. An 

ellipsoid of revolution of^ron being placed in the centre of the coil, the 

intensity of magnetisation in a field of 1140 gauss was I = 1700; with 

a field of 23,600 gauss I = 1710, and with 38,960 gauss I = 1720. These 

figures illustrate the extreme slowness with which iron becomes saturated 

in intense magnetic fields. T. B. 

• 

669. The Magnetic Character of the Year 1922. G. van Dljk. (Terrest. 
Magn. 28. p. 82, Sept., 1923.) 

670. Origin of the Earth's Magnetic Field. H. A. Wilson. (Roy. 
Soc., Proc. 104. pp. 461-455, Nov. 1, 1923.)—If the two kinds of electricity 
in matter are not exactly balanced, small residual effects of magnetic or 
gravitational action are probable, and moving matter might be expected 
to produce a magnetic field in proportion to its gravitational action. 
The assumption that a gravitational unit of mass is equivalent to an 
electrostatic unit of electricity leads to magnetic fields, for the earth and 
sun, of the right order of magnitude. An experiment made to test this 
theory shows, however, that not more than one part in a thousand of the 
earth's magnetic field can be attributed to a magnetic effect of moving 
matter similar to that of moving electricity. If the earth’s magnetic 
field is to be explained by a slight modification of the laws of electro¬ 
dynamics, the field may be due to the rotation, but not the translation, 
of matter; also it is probable that purely angular motion is insufficient 
in itself. [See also Abstracts 1685 (1912) and 1331 (1923).) G. E. A. 

671. Magnetic Phenomena in the Antarctic. C. Chrce. (Roy. Soc., 
Proc. 104. pp. 166-191, Sept. 1, 1923.)—The paper discusses the synchro¬ 
nous observations at Cape Evans and Adelie Land, between which the 
south Magnetic Pole lies. The diagrams of diurnal range of all the 
components measured are given. Further, the daily characters are worked 
out On the system suggested at the meeting of the International Geophysics 
and Geodetic Union, 1922. The sensitiveness of the Antarctic (and pre¬ 
sumably of the Arctic also) diurnal inequalities implies a delicate indication 
of general magnetic disturbance. The observations correspond to a 
sun-spot minimum. Observations at a maximum are very desirable, so 
also is a synchronous investigation in both the Arctic and the Antarctic. 

W. A. R. 

RADIOGRAPHY AND ELECTROPHYSIOLOGY. 

672. The Use of Heavy Gases in X-Ray Diagnosis. R. Ledoux- 

Lebard, A. Lepape and A. Dauvillier. (Comptes Rendus, 177. 
pp. 952-963, Nov. 12, 1923.)—Heavy gases, such as methyl haloids, rare 
gases, etc., could be used to produce pneumo-peritoneum, pneumo- 
kidney, etc., for purposes of X-ray diagnosis. The former group of gases 
produce toxic and irritative effects, and are restricted to purely physical 
measurements. The group of rare gases can possibly be used in biology, 
and posribly in diagnosis in the human subject. The difficulty of pro¬ 
duction of these rare gases is pointed out, but the authors showed to the 
Academy an example of a radiograph of a knee in which krypton was 
injected, and they consider the employment of this gas in the human 
subject is indicated, B, J. L. 
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673. Further Determinations of the Constitution of the Elements by 
the Method of Accelerated Anode Rays. F. W. Aston. (Nature, 112. 
PP- 449-450. Sept. 22. 1923. Paper read before the British Assoc., 
Liverpool. Sept., 1923.)—The following results have been obtained mainly 
by using the fluorides: 


Element. 

Atomic 

Number. 

Atomic 

Weight. 

Minimum 
Number ol 
Isotopes. 

Mass Numbers 
in Order of 
Intensity. 

Sc . 

21 

45-1 

1 

45 

Ti. 

22 

481 

* 

48 

V . 

23 

510 


51 

Cr. 

24 

520 

1 

52 

Mn. 

25 

54-93 

1 

55 

Co . 

27 

58.97 

1 

69 

Cn . 

29 

63-57 

2 

63. 65 

Ga . | 

31 

69-72 

2 

69. 71 

Ge . 1 

32 

72-5 

3 

74,72,70 

Sr . 


87-63 

1 

88 

Y . 

39 

88-9 

1 

. 89 • 

Ag . 

47 

107-88 

2 

107, 109 


Hafnium, niobium, molybdenum, cadmium, barium, and lead gave no 
results. The hafnium sample contained about 50 % of zirconium, 
and an extremely faint effect at 90 obtained with this and with pure 
zirconium salts suggest that this is the principal isotope of this element. 
The mass numbers were usually determined with reference to the lines 
of iron or iodine, and no outstanding divergence from the whole number 
rule was observed. H. N. A. 

674. Distance-Effect of Chemical Affinity. T. W. Richards and 
W. T. Richards. (Nat. Acad. Sci., Proc. 9. pp. 379-382, Nov., 1923.)— 
Preliminary' attempt to measure this, gravimetrically. In no case was 
any attracting tendency observed capable of balancing as much as 0 -1 mg. 
on the opposite arm. The force of chemical affinity must decrease very 
rapidly as the distance between the attracting atoms increases. A. D. 

675. The Law of Definite Proportions in the Light of Modern Research. 
U. R. Evans. (Faraday Soc., Trans. 19. pp. 420-429; Disc., 429-432, 
Nov., 1923.)—The melting-point diagram for binary alloys frequently 
shows a maximum at a composition represented by a simple atomic 
formula, which is taken to indicate the formation of a compound. The 
author claims that the same considerations should apply to points where 
maximum hardness or an abrupt change in chemical behaviour are 
exhibited, as this usually occurs at a simple atomic composition. A 
compound should be regarded merely as the most stable of a continuous 
series of solid solutions. The author's views receive support from the 
fact that oxides of metals frequently occur as homogeneous bodies of 
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variable oxygen content, eg. Fe, Pt. Ni. Some chlorides and sulphides 
exhibit similar characteristics. This appears to question the universal 
applicability of the law of definite proportions. 

In an appendix the cause of maximum hardness of metallic mixed 
crystals at equi-atomic composition is discussed. The definite meaning 
of the maximum melting-point and the methods of testing hardness arc 
considered in the discussion. B. W. C. 

676. Separation of Gas Mixtures by Diffusion into a Stream of Another 
Gas. G. Hertz. (Zeits. f. Physik. 19. 1. pp. 35-42. 1923.)—A stream 
of water-vapour is passed along a tube the end of which is closed by a 
metal plate bored with a series of small.holes. This end is sealed into 
the vessel containing the mixture of gases to be separated—in this case 
helium and neon. The gases diffuse through the holes against the water- 
vapour stream—the lighter gas the more readily. By suitable arrange¬ 
ments the backward diffusing component can be drawn off and freed 
from water-vapour. In this way spectroscopically pure helium was 
obtained from a mixture containing 30 % of this gas. A second arrange¬ 
ment, based on the same principle, is described. Finally, the separation 
of gaseous isotopes by these methods is discussed, the author concluding 
that with the present types of apparatus the experimental difficulties 
are too great. A. A. D. 

# 677 * Theory of Colour Production. J. Stie glitz. (Nat. Acad. Sci., 

Proc. 9. pp. 303-312, Sept., 1923.)—Starting from the fact that all organic 
dyes become colourless on reduction to the leuco-compound, which gives 
the colouring matter again on oxidation, the author points out that, 
fundamentally, oxidation consists in the removal of electrons from an 
atom and results in the conferment on the oxidised atom of oxidising 
power, this enabling it to attract electrons and, by absorbing the lost 
electrons, to undergo reduction. As regards indophenol, a typical organic 
dye, the colour is regarded as due to the combination within a single 
molecule of a strong positive oxidising atom (in the quinonoid or chromo- 
phoric group of the structural theory of colour) with a strong negative 
reducing atom (in the hydroquinonqid group containing the auxochrome 
of the old theory), and maximum colour depth and intensity are developed 
by the increase of the reducing power to a maximum with the aid of a 
strong base. This combination produces colour by the absorption of a 
part of the white light through the vibrations of the reducing electrons 
which are largely freed from intra-atomic restraints. Further, the fact 
that basic dyes such as pararosaniline develop their maximum of colour 
depth and intensity when combined with acids is regarded as related 
to the pronounced intensification of the oxidising power of many oxidising 
agents produced by acids. Evidence indicating that the vibrations of 
electrons in the dyes are intra-atomic and not due to any transference 
between the .two carbon atoms of the quinonoid and hydroquinonoid 
nucleus has been adduced by the author in connection with the charac¬ 
teristic purple dye murexide (Am. Chem. J. 36. p. 661, 1904). 

Confirmation of the views developed above for the organic dyes is 
found in the inorganic field. Apart from colours produced by loosely 
held electrons in atoms with an odd number of valence electrons and 
m such atoms as those of metallic elements, colour in inorganic compounds 
may be ascribed partly to intra-atomic and partly to inter-atomic (intra- 
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molecular) oxidation—reduction potentials of sufficient force to render 
possible vibrations of electrons in the reducing component long enough 
to absorb visible light waves and show their complementary colours. 
The salts and oxides of ions of elements with weakest oxidising power 
of the positive component are uniformly colourless, unless a coloured 
kation or anion is present. On the other hand, combination of a strong 
oxidising kation with a strong reducing anion leads to strong colour 
development, as in the black platinic iodide. Again in series like AgCl, 
AgBr, Agl ; ZnO, CdO, HgO ; and ZnS, CdS, HgS, colour depth evidently 
goes along with inter-atomic oxidation-reduction potentials. Various 
other examples are quoted in support of the theory advanced above. 

- T. H. P. 

678. 7 he Discontinuity of the Hydration Process. W. A. Davis and 
J. V. Eyre. (Roy. Soc., Proc. 104. pp. 612-637, Nov. 1, 1923.) — 
Measurements are made of the percentage of moisture taken up during 
different periods of time by various forms of cellulose and other sub¬ 
stances. The curves for the different materials in which the percentage 
of moisture gained is plotted against time intervals show a striking 
resemblance to each other, and, for the most part are composed of a 
succession of parabolic sweeps with occasional straight portions. Similar 
measurements made with salts, such as copper sulphate and calcium 
sulphate, also show frequent discontinuities. With copper sulphate the 
striking feature is that instead of a succession of linear parabolic curves, 
the graph takes the form of a series of linear portions, with relatively 
very short parabolic sweeps. The hydration of calcium sulphate takes 
place very slowly in the later stages, and the segments form very long 
stretches extending over many hours, which enables the exact course 
to be closely studied. Ccllulosic materials are characterised by the 
almost complete absence of linear portions of the hydration curve. An 
entirely different hydration curve is given in an atmosphere saturated 

\ wit b water-vapour from that obtained when the same substance is exposed 
to an atmosphere of 88 % relative humidity; in some cases hydration 
may proceed at a slower rate over a long period of time in the atmosphere 
of greater humidity. A mathematical analysis of the curves produced 
shows that the parabolic segments can all be represented by an equation 
of the type x = Bt — C t 2 , where x is the percentage of water lost or 
acquired in the time t. In the linear segments the coefficient C is zero. 
In successive parabolic segments the values of B and C are related so 
as to form a simple series. It is found that practically all the successive 
parabolic segments pass through the origin of the coordinate system, 
so that the progress of action from beginning to end can be accurately 
calculated in terms of time reckoned from the moment at which hydration 
begins. J. N. P. 

• 

679. Calculation of the Atomic Weights of Isotopes. A. S. Russell. 
(Nature, 112. pp. 688-689, Oct. 20, 1923.) —Simple rules, formulated 
from radio-active data, for the calculation of the atomic weights of the 
principal isotopes of both common and radio-active elements, as described 
in an earlier paper [see Abstract 286 (1924)], having been subsequently 
well confirmed by the results obtained by Aston, a brief description of 
the arguments by which these rules are obtained is given. The main 
supposition is that there are four separate radio-active series, the members 
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of which have atomic weights given respectively by 4 n + 3, in -f 2, 
4n + 1, and 4 m, where n is an integer, the first of these being supposed 
to be the actinium series, the second the uranium series, the third a 
hypothetical series the end products of which may be Bi and Tl, and the 
fourth the thorium series. It is probable that isotopes do not differ by 
more than 8 units of atomic weight. All elements are limited to two 
isotopes of odd atomic weight, and these differ by 2 units of atomic 
weight only. Elements of odd atomic number have odd isotopes only, 
and, if there be two, the lighter is likely to be the more stable. Even 
elements may have both even and odd isotopes, and an even element 
has always one isotope a unit of atomic weight higher than one of the 
isotopes of the element next below it. A large number of specific cases 
are given and compared with Aston's results. A. B. C. L. 

680. The Explosive Limits of Mixtures of Gases. E. Asch. (Zeits. 
techn. Physik, 4. 12. pp. 468-471, 1923.)—In connection with the 
possible use of mixtures of hydrogen or methane with air and carbon 
dioxide as cooling agents in electrical plant, the author has determined 
the explosive limits of composition of such mixtures fired by an elec¬ 
trically heated wire. The results indicate that with the apparatus 
employed, the percentage of air present in explosive mixtures of hydrogen, 
carbon dioxide, and air ranges from about 30 % to 90 %. whilst the 
corresponding percentages in the case of methane-carbon dioxide-air 
mixtures are 80 % to 90 %. In the former case, the possibility of an 
explosion occurring is absent (whatever percentage of air be present) 
only when the carbon dioxide is present at least to the extent of 92 ■% 
of the total volume of hydrogen and carbon dioxide, whilst the corre¬ 
sponding percentage in the case of methane-carbon dioxide-air mixtures 
is 63 %. Theoretical considerations based upon Falk’s determinations 
of the ignition temperatures of mixtures of hydrogen and oxygen (Ann. 
d. Physik, 1907. 24. 460) indicate that the ignition temperature of the 
hydrogen-air-carbon dioxide mixtures is 1133-9° abs., and that the limits 
of composition of explosive mixtures of these gases are given by 

787[1 + {(1 - a)/2(l + a)} 2 + {(1 - a)/2(l + a)}*] 

+ (30ay -f 25/J)/(30y + 25 p/a) =1133-9. 
where a = 0 2 /H 2 ; p = CO^ ; y = Nj/Oj. J. S. G. T. 

681. The Cold Formation of Crystalline Bodies. E. Siebel. (Zeits. 
f. Physik, 20. 1. pp. 45-63, 1923.)—The laws operating during the cold 
solidification of crystalline bodies have been mathematically formulated 
on the assumption that crystals oppose a minimum resistance along 
certain gliding planes to an imposed displacement, which resistance is 
Independent of external forces. In consequence a distortion occurs 
which can be measured. The mathematical procedure adopted has 
been to establish the connection between the normal forces necessary 
for the production of an alteration in form and the angle of inclination 
of slipping plane, and a discussion is given of the relation between the 
shape and the distortion forces. The laws so established were confirmed 
by means of experimental curves and are expressed in logarithmic form. 

H. H. Ho, 

682. Photographic Chemistry of Gelatin. S. E. Sheppard, F. A, 
Elliott, S. S. Sweet. (Eastman Kodak Co. Research Lab. Comm. 
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No. 177. Faraday Soc.. Trans. 19. pp. 261-269. Nov., 1923.)—The chief 
points here considered are : gelatin protective action ; physical chemistry 
of the jelly ; anisotropy of swelling ; the velocity of swelling. Diagrams 
showing the swelling in various media are given. A. E. G. 

683. Formation of Anomalous Liesegang Bands. F. G. Tryhorn and 

S. C. Blacktin. (Faraday Soc., Trans. 19. pp. 433-441 ; Disc.. 442-443, 
Nov., 1923.) Two examples of the production of anomalous Liesegang 
bands are cited in addition to the case of lead chromate in agar gels first 
noticed by Hatschek. It is further shown that the substances formed 
in these three reactions crystallise from the respective gels more readily 
in the light than in the dark. Such an effect is sufficient to explain the 
formation of anomalous bands in these instances, and a tentative sugges¬ 
tion of the mechanism of the process is advanced. A. A. D. 

684. Action of Ammonium Chloride on Zinc. C. Drucker. (Zeits. 

Elektrochem. 29. pp. 412-415. Sept., 1923. Paper read before the Deut. 
Bunsen. Gesell. Hanover. 1923.)—Test pieces of pure zinc, commercial 
zinc, and specially prepared alloys are immersed in a bath of sal-ammoniac 
and the loss in weight determined. Traces of iron in the zinc or the 
solution produce serious effects owing to electrolytic action. The effect 
of cadmium is due to its influence on the structure of the metal. The 
effect of lead, which is a minimum at concentrations of about 1 per cent., 
is partly electro-chemical and partly due to its influence on the structure 
of the metal. This is confirmed by the fact that any treatment of the 
metal which tends to alter the structure will increase the rate of attack. 
Small impurities in the sal-ammoniac increase the corrosion, especially 
in strong solutions. With the pure salt solutions, the attack is slowest 
with the stronger concentrations, which is probably due to the protective 
action of the reaction products. The author advocates the use of sal- 
ammoniac free from iron, and re-distilled zinc in the preparation of primary 
cells - B. W. C. 

685. The Nature of Undissociated Acids. H. v. Halban. (Zeits. 
Elektrochem. 29. pp. 434-444. Sept., 1923.)—The author has undertaken 
a critical survey of the evidence upon which A. Hantzsch bases his theory 
of acids and electrolytes [see Abstract 2329 (1923)]. The optical evidence 
consists of determinations of the absorption spectra in various media; 
usually by the Hartley-Baly method which does not permit accurate 
measurement of small variations. Variations in spectra can only be 
ascribed to change in chemical constitution if their magnitude exceeds 
the variations consequent on the experimental conditions. Only non¬ 
electrolytes can be used as solvents, and the evidence of Hantzsch in this, 
respect is considered as insufficient. The effect of dissociation on the 
absorption is discussed and it is concluded that Hantzsch’s assumptions 
are unnecessary to explain the observed facts. The absorptive power of 
di-nitromethane and the effect of 'adding sulphuric acid, quoted by 
Hantzsch as evidence in support of his theory, is concerned in reality 
with the relative absorption of the anion and undissociated molecule. 
In the case of the chloro-derivatives of acetic acid, the absorption follows 
the order salt—acid—ester : this order is essential for the possibility of 
Hantzsch's theory being the true one. Yet with the tliio-carbonic acids, 
the absorption of the ester lies between that of the salt and the acid, 
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which cannot be explained by any equilibrium based on Hantzsch's ideas. 
Various observations upon the influence of the solvent also lead to contra¬ 
dictory conclusions. The explanation put forward by Hantzsch of the 
effect of acid on the decomposition of diazo-acetic ester is shown to be 
based on false assumptions, and neglects the influence of the solvent. 
This is confirmed by experiments with xanthogenic acids. Although a 
parallel exists between the strength of acids in aqueous solution, the rate 
of decomposition of diazoacetic ester and the position of equilibrium 
between an acid and indicator bases, yet this is not quantitive in nature 
and many exceptions to it exist, and the existence of pseudo acids is not 
necessary to account for the experimental facts. Hantzsch assumes that 
two forms of undissociated molecules exist in equilibrium in the case of 
weak acids, which can be expressed by chemical formula?. This can 
neither be proved nor disproved experimentally, but it is not admissible 
to assume that every variation in the properties of a body can be expressed 
by a chemical formula, except in well-defined cases. The assumption of 
a second form of undissociated molecules appears therefore to be super¬ 
fluous. As a result of these and other investigations of which space forbids 
the description, the author concludes that the theory of pseudo acids put 
forward by Hantzsch cannot reasonably be applied to acids and electro¬ 
lytes in general. B. W. C. 

686. Thermodynamics of the Formation of Mixed Crystals. H. G. 

Grimm and K. F. Hcrzfeld. (Zeits. Electrochem. 29. pp. 519-520. 
Nov., 1923. Paper read before the Deut. Bunsen. Gesell. Hanover. 1923.) 
—The case considered is that of NaCl -f KC1 or KC1 + KBr, where 
one ion is common to both salts. The first important result is that the 
mixing is an endothermic process, so that every mixed crystal should 
tend to separate with falling temperature. The energy difference is of 
the order of 0-6 kg. cal. on heats of crystallisation of about 180 kg. cal.; 
but, whereas theory suggests small energy-changes when the lattice- 
constants of the two salts are nearly equal, this factor makes little difference 
to the experimental results. T. M. L. 

687. Formation of " Liquid Crystals ” in Mixtures of Cholesterol and 

Cetyl Alcohol. A. Mlodziejowskl. (Zeits. f. Physik, 20. 5. pp. 317-342, 
1923.) —Cholesterol on solidification gives two solid forms, with a tran¬ 
sition-temperature of 43°; cetyl alcohol solidifies to an amorphous solid. 
Mixtures of these two alcohols give liquid crystals. With the help of a 
crystallisation microscope an approximate equilibrium-diagram has been 
plotted, and the conclusion is drawn that the liquid crystals represent 
a molecular-compound of the two alcohols, probably in equimolccular 
proportions. T. M. L. 

688. Kinematics of Eutectic Crystallisation. A. Johnsen. (Preuss. 

Akad. Wiss. Berlin. Ber. 24. pp. 208-210. 1923.)—Steno suggested that 
a mineral which is enclosed in another is the older of the two. His law 
has also been modified by stating that the mineral with convex angles 
at the contact of two individuals is the older. This factor is, however, 
now shown to depend also on the velocity of growth of the two minerals 
in different directions, since the slower-growing mineral can be enclosed 
completely by crystals of the other mineral which started later but grew 
more rapidly. T. M. L. 
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689. Size of the Granules of a Birefracting Solution of Colloidal Iron 
and the Constant of Avogadro. L. Tierl. (Accad. Lincei, Atti, 32. ii. 
pp. 155-158, Sept., 1923.)—The study of van t’Hoff upon solutions put 
in evidence the complete analogy between dissolved substances and gases. 
The laws of Raoult deduced from that of van t'Hoff are applicable to 
all dilute solutions, whatever may be the magnitude of the molecules 
of the dissolved body. Perrin extended the laws of dilute solutions to 
emulsions supposing that a granule agitated by Brownian motion behaves 
like a molecule of a body in solution. Such hypotheses, supported by 
numerous experiments, led Perrin to the determination of the constant 
of Avogadro. He counted the number of granules contained in equal 
volumes above four sections at different heights in a column of emulsion 
in statical equilibrium, and arrived at the result that the law of Laplace 
on the vertical distribution of molecules of a gas is true also for the granules 
of a colloidal solution. The law of Laplace extended to an emulsion, 
whose granules left undisturbed take a distribution in equilibrium on 
account of Brownian motion and the force of gravity, leads to the equation 

RT log, (« 0 /n) = N(4/3)7ra 8 (A - h)gh 

in which R is the gas constant, T the absolute temperature wq and n 
the number of grains respectively contained in unit volume of the lower 
part and of the upper part of a column of height h of the emulsion, 
N Avogadro’s constant, a the radius and A the density of the granules, 
8 tho density of the liquid, g the acceleration due to gravity. Taking for 
the Avogadro constant the value N = 60 x 10 22 , R= 8-3156 X 10 7 , 
A — 8 = 2-2, T = 300, h = 1 and n 0h = 2 the radius of the granules 
in a colloidal solution of iron is found to be 1*2 x 10”° cm. A. E. G. 

690. Action of Light on Metal Electrodes Giving Small Contact Potentials, 
R. Audubert. (Comptes Rendus, 177. pp. 818-821, Oct. 29, 1923.)— 
Two plates of the same metal are placed in an electrolyte and one is illU' 
minated. In many cases this is found to lead to a resultant e.m.f. in the 
circuit. The effect was observed for the metals platinum, gold, silver, 
copper, and mercury. About twenty common inorganic salts were used 
as electrolytes and it was found that the nature of the electrolyte is not 
of much importance. Platinum, copper, and mercury usually have the 
illuminated plate for anode, whereas for gold and silver it functions as 
kathode. Blue light is more active than red. In fact, for each metal 
there appears to be a treshold value of wave-length to excite the effect. 
The more electro-positive the metal, the shorter the treshold wave-length. 

A. A. D. 

691. Free Energy and Heat of Formation of Lead Monoxide. D. F. 
Smith and H. K. Woods. (Am. Chem. Soc., J. 45. pp. 2632-2637, Nov., 
1923.)—A magnetically actuated apparatus is described for the circulation 
of the electrolyte in a cell in order to increase the rapidity of attaining 
equilibrium between a solid salt and its solution. The e.m.f. of the cell 
H 2 (g)/Ba(OH) 2 /PbO(s) + Pb(s) gives the free energy change inthe reaction 
H 2 (g) + PbO(s) = H 2 0(1) + Pb(s). This gives -45.050 cals, as the free 
energy of PbO(s) at 26°C., assuming the free energy of liquid water to be 
— 56,560 cals. From the temperature coefficient of the e.m.f. and the 
heat of formation of liquid water, the heat of formation of PbO(s) at 25° C. 
is found to be — 52,360 cals. Expressions are derived for the variation of 
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heat-content and free energy with the temperature between 0°C. and 327 °C. 
By the use of low-temperature specific heat data and the " constant 
entropy ” principle, the free energy of PbO(s) at 25° C.. calculated from the 
heat of formation, is —45,460 cals., which is of the usual order of accuracy 
for calculations based on this method. B. W. C. 

692. A Water-Jacketed Hydrogen Electrode. H. S. Simms. (Am. 

Chem. Soc., J. 46. pp. 2603-2507. Nov., 1923.)—The cell, which is of the 
bubbling type, is kept at constant temperature by water from a thermo¬ 
static bath, circulated by an air-lift device. This ensures accurate tem¬ 
perature control without interference with the manipulation of the cell. 
The salt bridge, which is not open to the atmosphere, is formed by potassium 
chloride solution supplied from a constant level reservoir. The cell is 
fitted with a special 3-bore, 4-way stopcock, which allows the following 
operations to be performed: (1) Bubbling of hydrogen through the 
solution; ( 2 ) drainage of a few drops of solution to remove bubbles; 
(3) drainage of KC1 from salt bridge; (4) formation of liquid junction in 
order to take a reading. Even with solutions of low conductivity accurate 
readings may be obtained, and a few c.c. will suffice for several consecutive 
readings. Three minutes’ bubbling of hydrogen is sufficient to give results 
reproducible to 0 01 P H . B. W. C. 

693. Carbon Cells and the Electro-Chemical Reduction of Metals at High 
Temperatures. L. v. Rhorcr. (Zeits. Elektrochem. 29. pp. 478-488, 
Oct., 1923.)—The properties of a cell are described in which the anode 
consists of iron or copper surrounded by its oxide, the kathode of carbon ; 
in the form of coke or retort carbon.and the electrolyte consists mainly 
of a fused mixture of potassium carbonate and sodium carbonate melting 
between 690° and 880° C. In order to prevent a reaction which may be 
violent between the carbon and the carbon dioxide resulting from the 
dissociation of this electrolyte, it is found necessary to add other com¬ 
pounds, such as barium carbonate or a mixture of lime and magnesia, 
to the electrolyte. The increased viscosity of the bath produced by this 
addition is also found to be advantageous. The iron or copper electrode 
remains in contact with air in its upper part, while the lower part is im¬ 
mersed in the electrolyte. The anode is oxidised by the air and reduced 
by the current, while the carbon is oxidised by the metallic oxides 
to carbon monoxide and carbon dioxide. The different disturbing factors 
are discussed. It is found necessary to protect the oxide from a direct 
reducing action of the carbon electrode and the reduced metal from re- 
oxidation by air. Measurements are made with different metallic oxides 
and at different temperatures of the e.m.f., and the actual electrode 
potentials of the cell at different intervals on withdrawing a current. A 
constant potential, which in some cases amounts to 1 • 46 volts, is obtained 
for several days on withdrawing a current amounting to 0-1 amp. A 
calculation of the number of watts produced for unit consumption of 
carbon show an energy efficiency of from 13 to 18 per cent, allowing for 
the heat of formation of carbon monoxide from carbon. Small differences 
of potential are noted with different forms of carbon. By means of the 
Nemst theorem, a calculation is made from the heats of formation of 
carbon monoxide and carbon dioxide respectively, from their elements, 
of the total free energy or maximum work available. At 927° C. the 
measured potential of 1-25 volt agrees approximately with the value of 
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1-19 volt, calculated from the heat of formation of carbon monoxide, 
while the temperature coefficient also shows a good agreement. The 
thermal data for carbon dioxide agree far less satisfactorily with the 
potentials observed, and this reaction is therefore considered to be excluded. 

J. N. P. 

694. A Study of Polarisation Capacity and Resistance of Electrolytic 
Cells at Radio Frequencies. C. B. Jolliffe. (Phys. Rev. 22. pp. 293-302, 
Sept., 1923.)—The investigation refers to Au and Pt electrodes in H 2 SO 4 
solution for frequencies of 11 X 10 1 to 2 x 10 6 cycles per second. The 
cell was placed in a tuned circuit coupled to a generating circuit, and the 
polarisation capacity C was computed from the change of capacity required 
to restore resonance, as indicated by means of a second loosely coupled 
circuit containing a detector and galvanometer. The polarisation 
resistance AR was obtained by substituting for the cell a variable non- 
inductive resistance. Both C and AR were found to be linear functions 
of l/\// where / is the frequency. For Au electrodes, the curves all go 
through the origin, but for Pt the limits for infinite frequency are positive 
for capacity and negative for resistance, and vary with the concentration. 
For both Au and Pt the slopes of the capacity curves increase with con¬ 
centration, while the slopes of the resistance curves decrease. In the 
case of Au, 27J/CAR = tan ip = const, (nearly), whereas for Pt, tan p 
varies. These results may be associated with the fact that the residual 
current is only 1/20 as much for Au as for Pt. The effect of previous 
polarisation with H 2 is a temporary increase of capacity, while 0 2 gives 
a permanent increase which cannot be removed by polarisation with H 2 . 
Tho roughness of the surface as well as the previous history affect the 
values of C and R obtained. Qualitatively the results for C and tp are 
in agreement with the theory of Warburg, provided some assumptions 
are made, but not the results for AR. Possible reasons for the dis¬ 
crepancies are suggested. Author. 

. 695. Experiments on the Sign of the Electric Charge Assumed by a Metal 
Immersed in a Liquid. R. D. Kleeman and W. Fredrickson. (Phys. 
Rev. 22. pp. 134-136, Aug., 1923.)—The nature of the electric charge 
assumed by a metal plate immersed in a liquid is of importance in con¬ 
nection with the theory of the e.m.f. of a voltaic cell. Tho charges 
assumed by various metals and carbon immersed in distilled water was 
determined by noting the direction of motion of clean wires suspended 
by a long silk thread when an electric current was passed through tho 
water in which they were immersed. It was found that Ag, Al, Au, C. 
Cu, Mg, Mo, Ni, Pt, Sn, W, and Zn acquired a negative charge, while Bi, 
Cd, Fe, and Pb become positive. The electric charge assumed by colloidal 
particles of Ag. Au, Bi, Fe. Pb, and Pt determined by their motion in 
an electric field by other observers was found to agree with the results 
obtained with suspended wires. According to the “ Transition-layer 
Theory " of voltaic e.m.f. previously proposed, this charge is due to the 
segregation of + H and — OH ions in the layer next the plate as a result 
of the different rates of diffusion of the two ions. W. V. M. 

696. The Electromotive Behaviour of Magnesium. A. Smlts. (K. 
Akad, Amsterdam, Proc. 26. 6 - 6 . pp. 396-407, 1923.)—In analogy with 
the behaviour found with aluminium [see Abstract 186 (1921)], the false 
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or non-equilibrium potentials given by magnesium in salt solutions arc 
attributed to rotarding influences on the establishment of internal equi¬ 
librium in the ionisation of the metal which occurs in the body of the 
metal. It was previously found that oxygen, nitric acid, and nitrates 
have a particularly retarding action. Further evidence is adduced to 
support the non-validity of the oxide film theory. It is found that a 
magnesium electrode becomes more negative with increasing concentra¬ 
tion of magnesium sulphate or of H ions in an electrolyte, and shows a 
maximum negative potential for any given concentration of magnesium 
sulphate at a definite H-ion concentration. The maximum negative 
potentials thus obtained are. however, not equilibrium potentials, as 
the metal can be activated by amalgamating to give somewhat higher 
values which are still below the equilibrium potentials. It is considered 
that oxides and hydroxides exert a retarding influence on the establish¬ 
ment of internal equilibrium similarly to oxygen and nitric acid, as pre¬ 
viously observed. In a solution of magnesium sulphate to which no 
acid is added, some magnesium hydroxide is in solution and will dis¬ 
solve in the metal-bounding layer of a magnesium electrode which is 
immersed in the solution. A magnesium electrode under these condi¬ 
tions dissolves slowly, evolving hydrogen, and shows too low a poten¬ 
tial owing to the disturbance of the inner equilibrium. The addition 
of acid, however, decreases hydrolysis, and with this the magnesium 
hydroxide content, in the metallic surface, and induces a change in the 
direction of the inner equilibrium of the metal, so that the potential 
becomes more strongly negative. Magnesium which has been activated 
by mercury shows a potential of — 1-856 volt when placed in a solution 
containing 1 grm. mol. of magnesium sulphate per litre. This value is 
probably close to the true equilibrium value, but somewhat low owing 
to the disturbing effect due to corrosion. J. N. P. 

697. Polarisation Capacities with Alternating Current. V. Sorrel. 

(Comptes Rendus. 177. pp. 630-642, Oct. 8. 1923.)—The author has 
investigated further the polarisation of small Pt electrodes in dilute 
sulphuric acid described by P. Vaillant [see Abstract 820 (1919)]. 
Equilibrium is attained for each value of the current-density before taking 
observations. Below 5 milliamperes per sq. mm. the capacity increases 
with progressive increase of the current-density, and the virtual e.m.f. 
e at the small electrode increases fairly rapidly. When the potential differ¬ 
ence applied to the voltameter reaches a certain value the capacity becomes 
proportional to the current-density, while e remains constant until electro¬ 
lysis begins. When this occurs, the resistance increases and the capacity 
decreases, while e reaches a higher value, and then remains constant, as 
the current-density is increased. Electrolysis does not commence until 
a higher value of the current-density is obtained than that observed by 
Vaillant if the above procedure is followed. Further, on diminishing 
the current the electrolysis does not cease until a lower figure is obtained. 
The value of e therefore depends upon the method of attaining equilibrium. 
Temperature has no effect upon the capacity of the electrode. The 
capacity increases slightly as the concentration of the sulphuric acid is 
diminished. B. W. C. 

698. Moving Boundary Method for Determining Transference Numbers. 
D. A. Maclnnes and E. R. Smith. (Am. Chem. Soc., J. 45. pp. 2246- 
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2255, Oct., 1923.)—Denison and Steel's method for determining transfer¬ 
ence numbers [Abstract 802 (1906)] is modified so that only a single moving 
boundary is required. It is found that the boundaries move with the 
theoretical velocities only when the two solutions in contact at a boundary 
are adjusted to within about 5 per cent., to the relation C/T = C'/T', in 
which C and C' are the concentrations and T and T' the transport numbers. 
The correct value for T can therefore be obtained by a series of experiments 
in which this condition is continually approached more and more closely. 
Unless this adjustment is obtained, the results are independent neither of 
the composition of the indicator solution nor of the current passing through 
the apparatus and may vary widely and erratically from the true values. 
The values obtained for the transference numbers at 25° for potassium 
chloride and bromide in 01 N solutions show that the conductivity of 
the potassium ion is the same in the two solutions provided that a correc¬ 
tion for the viscosity is applied. T. H. P. 

699. Periodic Phenomena on the Electrolysis oj Chromic Acid. A. 
Kleffner. (Zeits. Electrochem. 29. pp. 488-491, Oct., 1923.)—Electro¬ 
lysing chromic acid with electrodes of iron, chronium or platinum Lie- 
breich [Abstracts 682 and 1821 (1922)] observed periodic fluctuations in 
current and potential which he ascribed to special reactions- and not to 
passivity. Callenberg (unpublished dissertation) having found that the 
periodicity only took place when the chromic acid contained some sulphuric 
acid, from which it is difficult to free it, the author experimented with 
pure chromic acid, free or not free of sulphuric acid. He confirms Callen¬ 
berg, thus questioning Liebreich's reactions which did not allow for the 
participation of sulphuriq acid. The more concentrated the chromic 
acid, the more sulphuric acid is required to make the phenomena unsteady. 
Any unsteadiness observed is due to the condition of the kathode. - H. B. 

700. Anomalous Properties of Chromium and its Behaviour during 

Electrolysis. N. Isgarischew and A. Obrutschewa. (Zeits. Elektxo- 
chem. 29. pp. 428-434, Sept., 1923.)—Previous work on the passive state 
and variable valency of chromium is reviewed. Experiments are described 
which support the view of the authors that the passivity is due to the 
existence of a colloidal film of oxide on the surface of the metal. This 
explains the effect of chlorine ions and various anions and kations on the 
passivity, which could not be accounted for by previous theories. The 
solubility of chromium during electrolysis in direct current, alternating 
current, or a combination of the two, is observed in acid, neutral, and alka¬ 
line solutions. The proportions of bivalent, trivalent, and hexavalent 
chromium are determined in each case, and their relative amounts ex¬ 
plained satisfactorily on the assumption that a colloidal film of oxide 
exists on the metal surface. B. W. C. 

701. Effect of Short-Circuits on the Passivity of Iron Electrodes. C. F. 
Holmboe. (Zeits. Elektrochem. 29. pp. 530-534, Nov., 1923.)—It is 
observed that the current taken by a battery of electrolytic cells con¬ 
sisting of iron electrodes in caustic soda solution is considerably greater 
after the battery has been short-circuited than after it has been completely 
shut off. As no appreciable rise in pressure occurs in the gas receivers 
during the short-circuit, normal electrolysis cannot be taking place. The 
influence of electrolysis on the passivity of the electrodes provides a 
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satisfactory explanation. A hydrogenated complex forms at the kathode 
and the anode becomes oxygenated; on connecting the electrodes after 
electrolysis these effects will be reversed, the kathode becoming oxygen¬ 
ated and the anode hydrogenated. When the current is switched on 
again an increased strength will be required, as is observed in the author’s 
experiments. II. W. C. 

. 702. Absorption of Cation Dioxide by Caustic Soda during Electrolysis. 
G. F. Holmboe. (Zeits. Elektrochem. 20. pp. 535-527, Nov.. 1923.)— 
Experiments made in the laboratory and in factories on the absorption 
of C0 2 from the air during the electrolysis of caustic soda solution in 
open cells for the production of hydrogen and oxygen and the diminution 
of electrolytic conductivity due to this absorption. The conductivity 
of Na 2 CO s is about one-fourth that of NaOH. In works the number 
of grammes of NagCOg per cm. 3 of NaOH solution may rise to 12-5 in the 
course of two years ; starting with 1 gr. per cm. 3 the dilution will contain 
about 7-5 gr. NajCOg after lj years; the quantity increases with inter¬ 
mittent working. Technically the lye should be renewed after this time. 

H. B. 

703. Hydrogen Overvoltage and Current-Density in the Electro-Deposition 

of Zinc. U. C. Tainton. (Am. Electrochcm. Soc., Trans. 41. pp. 389- 
410, 1922.)—The author reaches the conclusion that the continued deposi¬ 
tion of metallic zinc from solutions depends on the maintenance of a high 
hydrogen overvoltage at all points of the kathode surface. This is attained 
by the maintenance at all points of a substantial current-density. By 
sufficiently increasing the current-density the overvoltage of all metals 
examined may be made to exceed the potential of zinc on the hydrogen 
scale. In the case of zinc deposits containing impurities the overvoltage 
is very high as long as the zinc surface is clean and growing. On the other 
hand, the voltage of an impure, corroded zinc surface is very low, and 
therefore once corrosion begins it tends continually to spread. Colloidal 
matter, such as gelatin, in the electrolyte raises the overvoltage of 
hydrogen. W. R. C. 

704. Alternating Current in Direct-Current Electrolysis. W. B. Jones. 

(Am. Electrochcm. Soc., Trans. 41. pp. 151-180. 1922.)—In this investiga¬ 
tion a rotating contact was used so that measurements could be made 
at any point of the cycle (0 04 sec.). Lead electrodes were used in sul¬ 
phuric acid. The relation of alternating current to direct-current varied 
in the investigation so that in some cases no reverse currents were obtained, 
but in others there was a reversal of current. When the potential is 
plotted against the current flowing and a correction is made for the drop 
through resistance, the curves indicate the formation of stable and unstable 
hydrides and oxides as films on the kathode and anode respectively. The 
author considers that these are the cause of overvoltage. Measurements 
with intermittent direct-current give the approximate stability of the 
lead hydride so formed. The maximum overvoltage attained during 
kathodic action is only slightly lowered by superimposing increasing 
amounts of alternating current. W. R. C. 

705. Intermittent Current Electrolysis .• Part II. Overvoltage Study of 
the Lead Electrode. S. Glasstone. (Chem. Soc., J. 123. pp. 2926-2934. 
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Nov., 1923.)—This is a continuation of the investigations to which refer¬ 
ence was made in Abstract 176 (1924). It refers particularly to the lead 
electrode. A special commutator was used so that the polarised electrode 
could be connected with the potentiometer at any portion of a complete 
cycle in the intermittent method. By varying the speed of the commu¬ 
tator an estimate could be made of the rate of fall of potential after switch¬ 
ing off the polarising current. By altering the resistance, inductance 
and capacity the effect of induced currents could be examined. Results 
are given for three values of inductance. It is pointed out that error in 
the direct-current measurement may amount to 0- 12 - 0-18 volt at a 
current-density of 0-025 ampere per sq. cm. Thus potentials measured 
by the direct method are too high. Similarly potentials measured by 
the commutator method may be too low. W. R. C. 

706. Overvoltage Measurements. H. J. S. Sand and E. J. Weeks. 

(Chem. Soc., J. 123. pp. 2896-2901, Nov., 1923.)—A criticism of Glasstone’s 
work on this subject [Abstract 176 (1924) and preceding abstract]. The 
authors contend that there are several errors in Glasstone’s arrange¬ 
ment. and that all his conclusions are consequently invalid. Intermittent 
current overvoltages are found to be independent of self-inductance of 
the circuit over a much wider range than is likely to occur in experimental 
investigations. W. R. 0. 

707. Corrosion of Electrolytic Iron. W. E. Hughes. (Chem. and 

Met. Eng. 29. pp. 636-537. Sept. 17, 1923.)—Attention is drawn to the 
necessity of employing pure iron in research. Electrolytic iron is not 
necessarily pure, and it may vary considerably in the extent of its impurities. 
Photographs of specimens of electrolytic iron are reproduced showing 
that iron deposited from a chloride bath is much more liable to rust than 
iron deposited from a sulphate bath. W. R. C. 

708. Electrolysis with an Aluminium Anode, the Anolyte being : (1) 

Sodium Nitrite Solutions, (2) Potassium Oxalate Solutions. F. H. Jeffery. 
(Faraday Soc., Trans. 19. pp. 62-65, July. 1923).—(1) In this case the 
primary product of the reaction at the anode is probably aluminium 
nitrite, which is hydrolysed rapidly to hydrated aluminium oxide and 
nitrous acid, the latter then giving rise to nitric oxide and nitric acid. 
No evidence is obtained of the formation of a complex anion of aluminium. 
(2) With potassium oxalate solutions the product of reaction at the anode 
is a complex anion derived from aluminium, the salt KjfAlfCjO^s], 
3H a O being obtainable from the anolytes after electrolysis; this method 
of formation would indicate the salt to be a true complex salt comparable 
with potassium chromioxalate, in which case it may be represented in 
three dimensions. The isolation of a complex salt from an anolyte does 
not imply necessarily that the constitution of the anionic part of this 
salt is identical with that of the complex anion present in the anolyte 
after electrolysis. An attempt has been made to examine the complex 
anion in solution by the electrometric method developed for the investiga¬ 
tion of the plumbo-nitrite complex [Pb(N0 2 )4] [see Abstract 116 (1923)]. 
It is, however, found that an aluminium electrode immersed in a solution 
of potassium oxalate containing a known concentration of the potassium 
alumini-oxalate exhibits a potential which is so variable as to be useless 
for trustworthy determinations. T. H. P. 
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709. Electrolytic Preparation of Para-Aminophenol. J. C. Warner and 

O. W. Brown. (J. Phys. Chem. 27. pp. 652-673. Oct., 1923.)—In the 
electrolytic reduction of para-nitrophenol to para-aminophcnol [see 
Abstract 1703 (1923)], lead gives better results than copper as the kathode 
metal and also permits of the use of higher current-densities. The 
conditions for obtaining the highest yields of the amino-compound 
have been investigated and the results are given in detail. [See also 
Abstract 364 (1924)]. T. H. P. 

710. The Kathodic Reduction of Ketones (Menthone). C. Schall and 

W. Kirst. (Zeits. Elektrochem. 29. pp. 537-546. Nov., 1923.)—The 
reduction of menthone by means of metallic sodium in alcohol or ether 
being dangerous, Law (Abstract 1788 (1912)] applied reduction by means 
of electrolytic hydrogen from lead kathodes in sulphuric acid ; he obtained 
menthol and pinacones. The authors resume this research. The anode 
compartment of their closed cell contains a perforated lead cylinder and 
sulphuric acid in a porous pot; outside is a cooling coil and the kathode 
of pure lead, mercury, or cadmium (also copper, platinum, or palladium) ; 
the l-mejithone is dissolved in 99 per cent, alcohol. Alkaline solutions gave 
poor yields. The reduction yielded /-menthol and other products, and 
there was no appearance of depolarisation (except faintly with copper); 
this is contrary to Tafel's experience with caffeine and succinimide. 
The kathode potential rose to a maximum (this rise being slow with 
cadmium) and then diminished again. Lead kathodes prepared after 
Tafel gave essentially /-menthol; roughened, but bright, lead gave men¬ 
thone ; pinacone was found when the diaphragm was not used ; whether 
or not Law had a diaphragm is not certain; cadmium kathodes gave 
almost exclusively hexahydrocyraene, especially in strongly acid solution. 
With mercury kathodes unstable compounds of mercury with menthyl 
were obtained; being viscous and hardly soluble in alcohol, these com¬ 
pounds cover the mercury with a non-conducting film which is broken up 
by hydrogen bubbles. The authors consider that the hydrogen enters 
the carbonyl CO-group in contact with the kathode in forming these 
organo-metallic compounds; those with lead and cadmium were still 
more unstable than the mercury menthyl. H. B. 

711. Electrolytic Deposition of Chromium. K. Oyabu. (Zeits. Elektro¬ 

chem. 29. pp. 491-493, Oct., 1923.)—F. Sulzer (D.R.P. 221472 of 1907) 
observed that chromium was better deposited from chromic acid than from 
salts of lower valency. The author discusses this and expecially the 
experiments of Sargent [Abstract 1640 (1921)], of I.iebreich (Abstract 
2342 (1923)] and of his own without arriving at any final view as to the 
actual mode of deposition of metallic chromium. H. B. 

712. The Nature of the Oxide Formed at the A node during the Electrolysis 
of Solutions of Thallium Sulphate. A. Gutbler and W. Dieterle. 
(Zeits. Elektrochem. 29. pp. 457-467, Sept., 1923.)—An examination is 
made of two methods which have formerly been described for the quantita¬ 
tive estimation of thallium by anodic separation of the oxide from a 
thallium sulphate solution. It is shown that the oxide formed in this 
way contains, in all cases, sulphuric acid, and the methods are therefore 
not applicable to the exact estimation of thallium. A method is described 
whereby the oxide can be produced anodically in a form suitable for 
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analysis and possessing a high resistance against chemical influences. 
The anodically separated oxide is shown to be of the composition T1 2 Oj 
by means of the three following, procedures : (a) Reduction of the oxide 
in hydrogen and weighing the water formed. ( b ) Reduction of the 
oxide by sulphurous acid and estimation of the sulphuric acid formed. 
( c ) Measurement of the current produced by the electro-chemical reduction 
of the oxide deposited on the interior of a platinum basin which contains 
an electrolyte and a zinc pole as kathode. J. N. P. 

713. Electrostatic Phenomena during the Electrolytic Production of 
Gas Bubbles. Parts I and II. A. Coehn and H. Neumann. (Zeits. f. 
Physik, 20. 1. pp. 64-67, and 68-81, 1923.)— Part I Deals with Electrostatic 
Attraction and Bubble Dimensions. —In a previous paper Coehn and Mozer 
[see Abstract 1322 (1914)) found that the gas bubbles evolved during 
electrolysis differed greatly according as the electrolyte was acidic or 
alkaline, the difference being especially pronounced at kathodic hydrogen 
development; where from alkali the hydrogen rises in fine drops, whereas 
from acid it adheres to the electrode and only rises when large bubbles 
are formed. The cause is ascribed to electrostatic effects. It has now 
been established experimentally that the attraction of gas bubbles at 
the solid electrode, which is always to hand from capillarity forces, may, 
for electrolytically produced gases, (a) be increased if the gas bubble 
and electrode possess opposite signs, (fc) be diminished if they have like 
signs and the potential of the electrode suffices for overcoming the 
capillary attraction. Bubbles which adhere only by capillary attraction 
have the same dimensions in all dilute solutions under the same experi¬ 
mental conditions. Those held by electrostatic forces grow with the 
strength of the electrolyte which has the opposite charge to the elec¬ 
trode. Sense and magnitude of the electrostatic force are derived from 
another type of phenomena to the bubble effect. The curves giving 
the connection between the concentration of a solution and the charge 
on the bubbles travelling through it, give also information on the 
adherence and magnitude of the electrolytically developed gas bubbles. 

Part II Considers Electrostatic Repulsion and the Gas-Emitting Electrode. 
—When the electrolytically developed gas bubbles and the electrodes have 
like charges, then at a sufficiently high electrode potential the bubbles 
are repelled and there arises the gas-emitting electrode. The potential 
required is lower as the bubble charge is greater, and can be determined 
like the effect of electrostatic attraction from the curves for the bubble 
effect showing the dependence of gas charge on concentration. From 
the emission potential concentration curves the duration of the effect 
can be obtained. After cessation of the first emission, with very fine 
bubbles, a second emission with large bubbles appears by increase of 
potential at both electrodes and for all concentrations. In contrast to 
the first emission this is traced to the influence of the strong electric 
field at the electrode on the distribution of the ions in the liquid layer 
containing the gas bubbles. H. H. HO. 
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714. New Instruments for Physical Measurements. W. H. Tschappat. 
(Mechanical Engineering. 45. pp. 673-678. Dec., 1923.)—Details of some 
instruments recently designed and used in connection with research work 
of the U.S.A. Ordnance Department arc given. 

The accuracy of workmanship demanded in built-up gun construction 
led to the invention of the star gauge for accurate measurement of the 
bore of long tubes. The instrument consists of a long arm with four 
radial arms, two fixed to serve as guides, the other two. diametrically 
opposite, movable radially by a steel cone driven in the direction of the 
arm by a screw, being the measuring arms. 

For measuring time intervals in connection with projectile velocity 
determinations, the Aberdeen chronograph was invented. A motor 
drives the chronograph drum, to which record paper is affixed, at a constant 
rate. To overcome the inaccuracy of wire screens, resulting from the 
failure of the modern sharp-nosed projectiles to break them immediately, 
screens are made of two sheets of tin or lead foil, separated by a thin 
sheet of insulating material. Puncturing makes contact between the 
two metal sheets, and closes the primary circuit of an induction coil; 
the secondary spark is recorded on the drum. 

Air resistance of projectiles has been measured in a wind-channel, 
air speeds of 1600 ft./sec. having been obtained. It is also obtained by 
measurements of flight velocity at several points of the trajectory, and the 
solenoid chronograph was used in these determinations. The projectile 
is magnetised, and passes through coils of wire placed in its path. Its 
passage gives rise to an electric current in the coils, and these currents 
are recorded by an oscillograph, the time scale being supplied by a tuning- 
fork. 

In connection with interior ballistics, the piezoelectric pressure gauge 
was designed. A quartz crystal separates two metal plates, and the 
piezoelectric charge developed under pressure is measured by a recording 
ballistic galvanometer. 

To test the accuracy of these new instruments, a series of experiments 
on a howitzer mounted to allow free recoil was undertaken. By older 
methods, the distance-time curves for the projectile and gun were obtained 
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and consequently the forces and pressure at any time could be calculated. 
Comparison with the piezoelectric pressure records was good, and it was 
found possible to deduce the frictional force at the band of the projectile. 

W. G. B. 

715. A Simplified Mercury-Vapour Pump. H. P. Waran. (Journ. 
Sci. Instruments, 1. pp. 51-54. Nov., 1923.)—The glass work in the Volmer 
pump is unnecessarily complicated and not conducive to long life owing to 
local variations in temperature. For these reasons such pumps are usually 



made of hard glass and the idea is current that pumps made of soda glass 
are unworkable. There is no reason why pumps should not be made of 
ordinary glass and have as good a life as any other glassware, and a suit¬ 
able design is illustrated and described. This can be used with a filter¬ 
backing pump down to 0 001 mm., but must be backed more efficiently 
for higher vacua. G. A. S. 

710. The Development of the Diffusion Air Pump. W. Gaede. (Zeits. 
techn. Physik, 4. 10. pp. 337-369. 1923.)—A compendious report on the 
high vacuum air pump, in which it is shown that all the pumps produced 
by different inventors and firms for the production of very high vacua 
by means of mercury-vapour, depend on the diffusion principle discovered 
by the author. Langmuir’s condensation theory is shown to have no im¬ 
portance, as his pumps are essentially diffusion pumps ; this is also true 
of the Volmer pumps, which the inventor has described as vapour-jet 
and condensation pumps ; of that of Crawford, which has been claimed 
to act as a *' parallel jet ” pump ; of the Stintzing pump, which Gehrts 
also calls a parallel jet pump ; and of the Brown-Boveri pump, for which 
the makers claim a special mode of action, which the author does not 
consider is the true one. The author’s latest forms of pump are described, 
and measurements of their performance are given. The construction of 
his steel pump has been improved and simplified since the war, and in 
its latest and largest form the mercury-vapour is employed to produce 
three different steps of vacuum, the first step being by diffusion, the third 
step by ejector action of a vapour jet, and the second by diffusion when 
the pressure in the receiver is low, and by ejector action when it is higher; 
the same mercury vapour passes in succession through the three stages 
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of the pump before passing to the receiver ; the two lower stages 2 and 3 
act as fore pumps ; at 0 - 0001 mm. pressure an output of 60 litres per second 
was obtained with this pump with air. and 100 litres per second with 
hydrogen. The author’s diffusion principle is fully explained, and the 
theory is worked out in detail, experiments being described which amply 
confirm its correctness. Briefly stated, a stream of mercury-vapour 
flows past an opening, the dimensions of which are not large compared 
with the free path of the gas molecules in the receiver ; any vapour passing 
through the opening is condensed by means of a special condenser, and. 
the opening being small, the vapour stream into the receiver has not a 
high velocity, and air is able to diffuse from the receiver, through and 
against this side stream of vapour, into the main vapour stream, which 
carries it away, so that it is finally delivered to the fore pump. H. N. A. 

717. High-Vacuum Pumps. H. Ebert. (Zeits. f. Physik. 19. 3. 

pp. 206-212, Nov. 14. 1923. From the Reichsanstalt.)—Comparative 
tests of the rate of suction by different types of pumps. The steel diffusion 
pump is by far the most rapid. A. D. 

718. Improvements in Mercury-Vapour Jet Pumps. H. Loosli and 
F. Lauster. (Zeits. techn. Physik. 4. 10. pp. 392-394. 1923.)—The 
method of heating the mercury employed in a mercury-vapour jet pump 
of the Langmuir type is improved by the use of a heating coil wound with 
nickel-chromium in an atmosphere of hydrogen, and made up in the form 
of a cartridge which may be readily inserted into or withdrawn from the 
pump. The pressure in the vessel to be evacuated is reduced to about 
18 mm. by means of a water pump. The pressure is further reduced to 
about 0*09 mm. by the jet pump, and still further reduced to 10 _0 mm. 
by means of a second condensation pump. Preferably the mercury- 
vapour pump is operated in conjunction with a fall pump of the Sprengel 
type, so that each condensed globule of mercury, prior to returning to 
the vessel in which it is boiled, falls vertically through a capillary tube, 
and traps a bubble of gas which is later discharged into the atmosphere. 
The operation of the pump is still further improved by causing the jet of 
mercury-vapour to issue with parallel stream-line motion, and without 
turbulence, through a fine grating or series of concentric annuli. 

J. S. G. T. 

719. TrevelyaRocker. S. Bhargava and R. N. Ghosh. (Phys. 
Rev. 22. pp. 617-621. Nov., 1923.)—On the gravity theory (edges pushed 
up by expanding lead and brought down bv gravity) the period of vibra¬ 
tion would be given by T2 = 32k^/a. where k is the radius of gyration, 

P 13 the maximum angular amplitude, and 2 a is the distance apart of 
edges. Photographic methods confirm this. Transverse elastic vibra¬ 
tions. if present, are relatively weak. A. D. 

720. Joseph Henry. E. W. Rice, Jr. (Gen. El. Rev. 27. pp. 85- 
89, Feb., 1924.)—Historical. 

721. Angle 6f Contact between Paraffin Wax and Water. A. Ferguson. 
(Phil. Mag. 47. pp. 91-93, Jan., 1924.)—In criticism of R. Ablett’s paper 
[see Abstract 184 (1924)], it is claimed that extrapolation of the law down 
to Small contact angles is unjustifiable, and that Ablett’s explanation given 

VOL. xxvii.— a.—1924. 



252 


SCIENCE ABSTRACTS. 


in discussion of the previous results obtained by the present author [see 
Abstract 283 (1922)] must be rejected since whilst these experiments are 
statical in character, Ablett's experiments are essentially dynamical. 

A. B. C. L. 

722. Certain Interfacial Tension Equilibria important in Flotation. 
W. H. Cog-hill and C. O. Anderson. (Bureau of Mines, Techn. Paper 
No. 262 [54 pp.], 1923.)—The first section of the paper considers the 
equilibrium conditions along a line at which there meet two liquids and 
a gas. Lenses of paraffin and other oils, floating on water contained in 
a crystallising dish, were observed through a cathetometer, and by con¬ 
sidering the levels of top and bottom of the lens, and the free surface of 
the water, and also by measurements of the angles of contact, values for 
the interfacial tensions were obtained. These agreed, and also gave 
closed " Neumann triangles.” It was also found that small drops of a 
heavier liquid can be floated on a lighter, provided one intcrfacial tension 
is greater than the sum of the other two. The strengths of soap solutions 
that would float on benzene were predicted, and experimentally verified. 

In the second section, the equilibrium along a line where a solid, a 
liquid, and a gas meet is considered. Provided the angle of contact of 
the liquid and solid is not zero, cylinders of the solid can be floated on the 
liquid, if they have a sufficiently small diameter. The presence of edges, 
however, increases the floatability of solids to a marked extent. Reason¬ 
ing from the behaviour of a tumbler gradually over-filled, the mode of 
action was made clear. An edge must be considered as a region where 
the inclination of the face of the solid is rapidly changing. When the 
edge of the liquid reaches the inner edge of the tumbler, and more liquid 
is added, the meniscus becomes flatter, and ultimately convex, but the 
angle of contact, with some clement of the inner edge of the rim, remains 
constant, the clement altering as filling proceeds. When the liquid 
surface has risen sufficiently to make the angle of contact with the upper 
face of the rim, the liquid proceeds to advance over this face until it is 
brought to a stop at the outer edge. Similar phenomena now occur, 
until the surface of the liquid at its edge becomes horizontal, or until the 
angle of contact is made with the outer surface, and then overflowing 
commences. By undercutting the edge, the second of these possi¬ 
bilities may be delayed, but the first ultimately ensues, and if the solid 
angle is less than the angle of contact, it determines overflowing. R 
was deduced from this reasoning that a plate with an undercut groove 
on its upper surface should be floatable, whatever its size, so long as its 
weight per unit area was not greater than the hydrostatic pressure due 
to the maximum superelevation of the liquid. Plates conforming to this 
specification were prepared, and floated. W. G. B. 

723. The Waves Due to a Single Impulse in Deep and Shallow Water. 

G. Green. (Phil. Mag. 47. pp. 183-196. Jan.. 1924.)—Closer approxima¬ 
tions to the form of the waves are obtained. W. G. B. 

724. Measurement of Thin Elastic Plates. C. Ch6neveau and 
Callame. (Comptes Rendus. 177. pp. 872-874, Nov. 6, 1923.)—Describes 
a form of apparatus devised for measuring accurately the thickness of a 
thin plate of elastic material. A vertical rod, bearing a fiducial mark, 
rests on the plate so that the pressure is constant and as small as possible. 
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The height of the mark is measured by means of a microscope. The 
pressure may be altered, if desired, by placing weights on a pan carried 
at the top of the rod. J.W.T. W. 

725. Surface Waves. F. M. Exner. (Akad. YViss. Wien. Her. 131. 2a. 

No. 4-5. pp. 365-382, 1922.)—The theory of waves at the surface of a 
fluid is developed, and differential equations for their description obtained. 
The theory is applied to three types of such waves : the high-water tidal 
wave ; the surface waves of the sea ; and the waves at the surface 
separating cold and warm layers of the air. which are important meteoro¬ 
logically. W. A. R. 

726. Rapid Determination of Watch Rate. A. Jaquerod. (Arch, 
des Sciences. 5. pp. 469-477, Nov.-Dee.. 1923.)—The watch is placed 
face downward, and an intermittent light, controlled by a regulator whose 
rate is very good, is reflected from the screw heads on the balance, at 
such times that the balance is at the extremity of its course. Such re¬ 
flections are called coincidences, and if the watch gains or loses on the 
regulator, there will be coincidences at regular intervals, which are smaller 
the greater the differences in rates between the two timekeepers. The 
author describes the method of observation and of producing the inter¬ 
mittent light, and especially the electrical contact adapted to the regulator, 
which has been used elsewhere, but nowhere described. He points out 
that his method will give the mean rate for an hour, instead of merely 
the mean rate for twenty-four hours which may include widely different 
rates for different times of the day or night, depending on varying pres¬ 
sure. or temperature, or on some factor connected with the length of 
time since the watch was wound up. He cites examples of observations. 

A. S. D. M. 

727. The Measurement of High Pressures. F. H. Newman. (World 
Power, 1. pp. 85-90, Feb., 1924.) 

728. Surface Tension of a Small Quantity of Liquid. A. Ferguson. 
(Phys. Soc., Proc. 36. pp. 37-43; Disc.. 44. Dec.. 1923.)—If a cubic 
millimetre or less of a liquid be placed in a vertical capillary tube its surface 
tension can be determined by applying pressure to the upper end of the 
tube and measuring the pressure necessary to force the liquid into such a 
position that the meniscus at the lower end of the tube is plane. Without 
any special precautions as regards temperature this gives results with a 
probable error of only 0-3 %. Figures arc given for benzene and water. 
Interfacial tensions with small quantities of liquids may be similarly 
determined. If a large amount of liquid is available a simple apparatus 
can be used, by which ordinary and interfacial surface tensions can be 
measured in several different ways. By using a very small quantity of 
liquid errors in the density attributed to it can be made negligible. A 
clear-cut meniscus is easily obtained with immiscible liquids. G. A. S. 

729. A Relation between Surface Tension and Density. A. Ferguson. 
(Faraday Soc., Trans. 19. pp. 407-412 ; Disc., 412-413. Nov.. 1923.)— 
The application is considered of the expression developed by Macleod 
[Abstract 190 (1924)] for representing the surface tension of unassociated 
liquids according to which y = C(p t — p„) 4 where y is the surface tension, 
and pi and p v the densities of liquid and vapour. 
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By considering data from a large number of organic liquids, it is found 
that the following relation y — y 0 (l — bt) H is closely followed, in which 
the mean value of n is 1*21, and 6 is a constant, equal to the reciprocal 
of the critical temperature. From this relation and expressions derived 
by van der Waals and by Katayama, the Macleod equation is derived 
and the constant C is found to be given by the expression A0 < /(M" /3 p £ lo/3 ), 
where A is a derived constant which, as a first approximation, may be 
assumed to be independent of the nature of the liquid ; M is the molecular 
weight, p e the critical density, and 0 C the critical temperature. Data 
from a number of liquids including critical constants determined by Young, 
show that the fourth-power law is followed satisfactorily, but the difference 
with some liquids is sufficiently great to lead to a modification in the value 
of the index. A close agreement is obtained between observed and cal¬ 
culated values of C. It is shown that the formulae which are derived 
can be applied to form a basis for empirical relations put forward by 
W alden and by Ramsay and Shields on specific cohesion and capillary 
rise in tubes. J. N. P. 

730. Measurement of Hardness. Plaut. (Zeits. f. Metallkunde, 15. 
pp. 328-334, Dec., 1923.)—A survey is made of the subjects of hardness, 
strength, and cohesion. 

The technical methods of determining hardness are discussed, par¬ 
ticularly the Brinell ball test, the scratch hardness test of Martens, and 
the rebound method of Shore. An attempt is made to correlate the results 
of hardness determinations with crystal structure as determined by the 
Rdngten-ray method. F. J. B. 

731. Proportionality of Mass and Weight. H. H. Potter. (Roy. 

Soc., Proc. 104. pp. 588-610, Dec., 1923.)—It appears possible that there 
may be slight differences in the gravitational constants of different sub¬ 
stances according as the nuclei contain different proportions of hydrogen 
and helium atoms [see Abstract 1234 (1922)]. The author has carried 
out experiments on a number of substances suitable for exhibiting such 
differences if they exist and finds no difference greater than that attri¬ 
butable to experimental error (< 1 part in 50,000). Special attention 
was given to two substances, ammonium fluoride and paraffin wax, which 
have large hydrogen contents. J. W. T. W. 

732. Dutch Pendulum Observations in Submarines. J. J. A. Muller. 

(Nature, 112. p. 788. Dec. 1, 1923.)—Gives some of the results of pendulum 
observations on a Dutch submarine proceeding to Java. The Eotvos effect 
(difference of apparent value of g for E.-W. and W.-E. courses) gave the 
speed of the vessel to within 0-3 knots. With a sea depth of 2500 m., 
the value of g obtained differed from the theoretical by no more than 
0-003 cm./sec. 2 , pointing to complete isostasy. W. G. B. 

733. Viscosity of Steam. H. Speyerer. (Zeits. techn. Physik, 4. U. 
pp. 430-432, 1923.)—Using the method of flow through a tube, it is found 
that at a pressure of 1-06 standard atmosphere the viscosity of steam, 

is related to the temperature, t, by the equation 

\Qfr) = 125-40 + 0-3711(f - 100) dyne sec./cm. 2 

for the range 100° C. to 350° C. Further experiments using higher 
pressures are in progress. • G. A. S. 
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734. Intermittent Projector for Movement Detection. F. Goos ami P. P. 

Koch. (Zeits. Instrumentcnk. 43. pp. 337-340. Dec., 1923.)—Describes 
an instrument by means of which slight changes in a complicated system 
may be detected. Two photographs of the system are taken and these 
are projected alternately into the field of view of the observer, bv means 
of a rotating shutter moving over a lens. A slight difference between the 
photographs at any point is detected by a blurring of the alternated 
image at that point. J. \Y. T. W. 

735. The Theoretical Scattering of Smoke in a Turbulent Atmosphere . 
O. F. T. Roberts. (Roy. Soc., Proc. 104. pp. 640-654. Dec.. 1923.)— 
The fundamental result of Taylor’s paper. " Kddy Motion in the Atmo¬ 
sphere ” [see Abstract 536 (1915)) is that the scattering in a turbulent 
atmosphere of suspended matter, or diffusion of potential temperature, 
may be regarded as analogous to the diffusion of heat in a solid ; on this 
theory every point in the atmosphere possess a coefficient of eddy-diffusion 
K. which may vary from point to point, and which may further differ 
for diffusion in different directions at any one point, analogous to the 
diffusion of heat in crystalline substances. For the case in which K is 
the same at every point in the atmosphere the density of suspended matter, 
X gms. per cm. 2 , must satisfy : 

(D/D/ + ««D/D* + fcD/Dy + wb/b:)x *= KV 2 ^, 

where u, v, w are the components of mean velocity of the air. The purpose 
of this paper is to obtain solutions of the above equation applicable to 
several methods of artificial smoke production, viz.: (a) A puff of smoke 
due to the instantaneous generation of matter at a point; (b) a smoke- 
cloud produced continuously and uniformly at a fixed point in a uniform 
wind ; (c) a smoke-cloud produced continuously and uniformly along an 
unlimited straight line perpendicular to the direction of a uniform wind. 

A theory of the optical opacity of smoke-clouds is then developed ; 
an expression for the visible outline in terms of the density distribution 
is obtained, and applied to cases (a) and (6) for an observer situated at 
a great distance across wind from the cloud. An extension of the above 
results to the case of K non-isotropic is then made. Diagrams illustrative 
of the above results are given. H. H. Ho. 

736. Use of Medians for Reducing Observations. F. Y. Edgeworth. 

(Phil. Mag. 46. pp. 1074-1088, Dec., 1923.)—This paper is supplementary 
to two earlier articles by the author (Phil. Mag. Aug., 1887, and March, 
1888), who here further discusses the relative advantages and disadvantages 
of the median method in comparison with the method of least squares. 
His general conclusion is that the use of the median, single or double, is 
often easier, and sometimes more accurate than the method of least squares. 
He fully agrees with Laplace that in certain cases the situation, or single 
median, method is preferable to the method of least squares, and that 
in general it is natural to look upon the median as a very good approxi¬ 
mation. A number of illustrations of sets of observations, mostly astrono¬ 
mical, are considered in detail. G. W. de T. 

737. Bending Stresses in Thin-Walled Tubes. J. Case. (Phil. Mag. 47. 
pp. 197-208, Jan., 1924.)—A method is developed for calculating the 
strength of thin tubular beams. It is shown that any section of a beam 
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of circular cross-section behaves as a ring under an external radial pressure 
which varies from point to point round the circumference. This pressure 
produces a bending moment which acts in the plane of the cross-section 
and has a maximum value M 2 f®//4EI 2 , where M is the bending moment 
applied to the beam, r is the mean radius of the cross-section, t is the 
thickness of the walls of the tube. I is the moment of inertia of the cross- 
section, and E is Young’s modulus. This bending moment gives rise to 


a circumferential stress 


3 

2 


MV 

El 2 / 


at the points of the section which are in 


the principal plane of bending and points which are separated from these 
by 00°. It is shown that this stress exceeds the longitudinal stress "/” 
if r/t is greater than E/;!/, so that for mild steel, taking E = 30 x 10° 
lbs./sq. in. and / = the yield point for the material = 50,000 lbs./sq. in., 
the circumferential stress will cause failure if the dia. of the tube is 800 
times the thickness. A similar expression is given for elliptical tubes 
and the theory is extended to apply to submarine hulls. J. V. H. 


738. The Resistance of Air to Falling Spheres. R. G. Lunnon. (Phil. 

Mag. 47. pp. 173-182, Jan., 1924.)—Space-time records were obtained for 
spheres of different sizes falling in air by timing falls from various heights 
(up to 690 metres) in coal pits. After correcting for the variations of air 
density, etc., it is found that the simple square law of resistance is inade¬ 
quate to express the results. The formula proposed is R = jxfiv* -1■ bv. 
The value for <f> is 132, and of b, 0-55d 2 , in e.g.s. units. W. G. B. 

739. E&tvos Balance. W. Schweydar. (Zeits. Instrumcntenk. 43. 

pp. 307-311, Oct., 1923.)—Further field observations of records on the 
E6tvos balance by the photographic method are given in reply to Pek&r’s 
criticism. [See Abstract 1730 (1923).] W. A. R. 


740. Mechanical Properties of Mono-Molecular Films on Water. P- 

Woog. (Comptes Rendus, 177. pp. 1107-1109, Nov. 26, 1923.)—This 
paper deals in a general way with the breaking up of the drops and the 
formation of films when small quantities of various oils arc placed on 
water. It is suggested that the results observed throw light on the 
mechanism of liquid cohesion. A. A. D. 

741. Inversion Temperatures of Air. O. Knoblauch. (Phys. Zeits. 
24. pp. 473-474, Nov. 1-15, 1923. Paper read before the Deut. Physi- 

kertag., Bonn, Sept., 1923.) —For 125 atm. the lower inversion-temperature 

is about —140° C., and for 150 atm. about —133° C. A. D. 


742. Further Tests upon Dewar Flasks Intended to Hold Liquid Air. 
H. Briggs and J. Mallinson. (Roy. Soc. Edinburgh, Proc. 43. 2. pp. 1 60 ~ 
169, 1922-1923.)—A continuation of previous work [Abstract 931 (1922)], 
the object here being to obtain data in regard to the decay of the vacua 
of metallic Dewar vessels (containing charcoal). Most of the tests are on 
3-litre flasks of gilding metal (95 % Cu, 5 % Sn). The apparatus employed 
allows the pressure of gas in the flask to be measured by a M’Leod gauge ; 
the outer envelope is punctured and the puncture can again be sealed ofi 
in vacuo. For the 3-litre flasks the average rate of decay of the vacuum 
is 0-093 mm. of Hg per month. The evaporation rates of liquid air from 
the flasks bear no relation whatever to the pressure inside the envelope. 
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The authors state in conclusion that the " neck-loss of a container 
of the usual design is negligible, and that if the pressure be as much as 
0-1 mm. the charcoal is able to reduce the pressure sufficiently to make 
the conduction loss negligible also. The entire evaporative loss is then 
due to radiation. An improvement in the evaporative rate can only be 
secured by greater attention to the polish of the reflecting surfaces and to 
the means of preserving the lustre up to the time of evacuation. More 
data are desirable on the rate of tarnishing. Though the minimum 
emissivity of pure copper is much less than that of brass, the latter is 
better able to maintain a polish and may, in actual service, preserve an 
emissivity as low as, or even lower than, that of Cu. The accumulation of 
gas in a vessel standing empty is able in time to impair the reflecting 
power of the surfaces by oxidation. It is waste of time and money to 
exhaust very completely the envelope (evacuation to 0-1 or 0-2 mm. is 
sufficient). A vessel evacuated more completely will last longer than 
one less completely evacuated, but it is cheaper to obtain the relatively 
short additional life by using a little more charcoal than by prolonging 
the process of evacuation. T. H. 

743. Tables of Bessel Functions. H. E. H. Wrinch and Dorothy 
Wrlnch. (Phil. Mag. 45. pp. 846-849. May. 1923. and 47. pp. 62-65, 
Jan., 1924.) 

744. Tensile Strength of Glass. J. T. Littleton, Jr. (Phys. Rev. 22. 

pp. 510-516, Nov., 1923.)—Previous results are inconsistent and unreliable 
because the strength of the surface is greatly reduced by slight scratches. 
Such effects are eliminated in the present method in which a bar of glass 
is used that has been cut from the middle of a slab, the latter having been 
heat treated in such a way as to leave the upper and lower surfaces of the 
bar under high compression while the middle is under tension. When, 
therefore, this bar is broken by bending, the tension introduced in the 
lower surface is largely neutralised by the initial compression, so that the 
maximum tension is not in the lower surface, but in a layer inside. The 
initial stresses are measured by means of polarised sodium light and a 
calibrated Babinet compensator, and these, combined graphically with 
the stress due to the load required to break the bar, give the maximum 
tension introduced, which is taken as the lower limit of the strength of 
the glass. The question as to whether the properties of the glass are 
altered by the heat treatment is discussed and answered in the negative. 
Also the cases in which the initial compression is greatest, i.e. those cases 
in which surface effects would be least important, give the highest values 
for the breaking stress. Values of 12 and 15 kg/sq. mm. were obtained 
for a lead glass and a boro-silicate glass, values twice as great as those 
usually found; the mean deviation of individual measurements is less 
than half as great as usual. G. A. S. 

745. Photo-Elastic Constants of Four Substances. P. Hey mans and 

P* Allis. (Math, and Phys. J. Massachusetts, 2. pp. 216-233, Dec., 

1923.)—Properties of chief importance in photo-elastic work are investi¬ 
gated for celluloid (two kinds), glass and fused quartz, with a view to 
determining which substance is most suitable for the construction of 
models of machinery the stresses in which can then be found optically. 
A table of results is given from which it is deduced that apart from cost, 
quartz is the most suitable of the materials examined. G. A. S. 
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746. Experimental Determination of the Inertia of a Sphere Vibrating 

in a Liquid. N. C. Krishnaiyar. (Phil. Mag. 46. pp. 1049-1053, Dec., 
1923.)—The spheres are fixed to a wire carrying a small current, placed 
between the poles of an electromagnet actuated by a single-phase alter¬ 
nating current, and under tension which is altered so as to give the 
maximum amplitude of vibration. Comparison of the tensions when the 
whole is immersed in air and water gives the effective increase of inertia 
due to immersion. The mean value of the increase so found is 0-583 of 
the mass of the fluid displaced. This is greater than the theoretical value 
obtained by Stokes, but the discrepancy may be due to the frictional 
resistance obeying the square law. and to the restriction of the space by 
the magnets, etc. W. G. B. 

747. The Initial Motion of a Projectile. E. T. Hanson. (Phil. Mag. 

46. pp. 1027-1048, Dec., 1923.)—Using the force system recently obtained 
by a combination of theory and experiment [sec Abstract 1231 (1922)], 
which takes a simple form at high velocities, the motion of a shell during 
the first 7 or 8 seconds of its flight is calculated. The paper is mainly 
mathematical. W. G. B. 

748. The Reserve of Power of Birds in Flight. E. Huguenard, A. 
Magnan, and A. Planiol. (Comptes Rendus, 177. pp. 1009-1012, 
Nov. 19, 1923.)—One end of a silk fibre is attached to a bird which in 
flying unwinds it from a pulley. The pulley revolutions arc counted, 
and by means of a small Prony brake attached, the pull the bird is able 
to exert is determined. For the carrier pigeons used, the specific power 
is found to vary from 2-6 kgm./sec./kg. at 6 m./sec., to 0-7 at 12 m./sec. 

W. G. B. 


749. Hydrodynamic Similarity. C. Camichel and L. Escande. 

(Rev. G6n. d’£l. 15. pp. 83-86. Jan. 19, 1924.)—Experiments with scale 
models verify, for five different cases, Froudc’s law that velocity varies 
with the square root of the ratio of linear dimensions. S. L. S. 

750. Whirling of Shafts. J. Frith and F. Buckingham. (Inst. El. 

Eng., J. 62. pp. 107-113, Jan., 1924.)—A theory is advanced that whirling 
is essentially a case of vibration. This is supported by proving that 
the phenomenon obeys the laws of vibration, in particular those relating 
to the phase change between disturbing force and resulting displacement. 
The practical case of a shaft having initial eccentricity which provides 
the disturbing force is investigated analytically, and experimental verifi¬ 
cation is adduced of the theories put forward. A bibliography of the 
subject is given. J.V. H. 

751. Crystal Structure of the Surface Layer of Treated Metals. 1" 
Thomassen. (Zeits. f. Metallkunde, 15. p. 306, Nov., 1923.)—Application 
of Debye and Scherrer’s method of X-ray analysis [Abstract 1140 (1917)1 
to a turned rod of commercial zinc gives a photograph showing practically 
only quite small streaks, which combine to the ordinary lines of a Debye 
photograph. When the diameter of the rod is reduced from 2-10 to 
1-96 mm. by etching with dilute nitric acid, the streaks no longer 
appear, being replaced by large flecks. If. however, a fresh rod >s 
treated with emery and on the polishing wheel, the fine streaks in the 
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Debye photograph are largely suppressed, the lines showing uniform 
darkening. Thus polishing causes the " smearing ” of the crystalline 
fragments of the surface to proceed to a greater extent than turning 
in the lathe. Magnesium exhibits a similar phenomenon. T. H. p. 

752. Crystalline Structure of Metals, Mixed Crystals, and Into metallic 

Compounds . K. Becker. (Zcits. f. Metallkunde. 15. pp. 303-305. 
Nov., 1923.)—A risumi of the subject, with bibliography. T. H. P. 

753. The Crystal Structures of Lithium Iodide and Rubidium Fluoride. 

R. W. G. Wyckoff and E. W. Posnjak. (Washington Acad. Sci., J. 
13. pp. 393-397, Nov. 4. 1923.)—Lithium iodide as ordinarily prepared 
crystallises as a hydrate (trihydrate, dihydrate, and monohydrate). The 
anhydrous salt is obtained by heating the monohydrate above 300° C. 
The authors’ determination was made with the anhydrous salt (see 
Abstract 1842 (1922)], though the resulting powder photographs showed 
that probably not less than 20 per cent, of the sample was hydrated. W. P. 
Davey simply evaporated a solution of Li I over sulphuric acid ; under 
these conditions an anhydrous product is not produced at room tempera¬ 
ture, and the fact that the interatomic distances as determined by Davey 
do not follow the same additive law as in the case of the other alkaline 
halides, the nearest approach of the Li and I atoms being 3 -537 A., while 
the additive law gives 3 01 A., shows that he was not dealing with the 
anhydrous salt. The value deduced from the authors' measurements 
for the above distance was 3 015 A., and the density, p = 4 03, agrees 
with that found by the usual methods. It is now found that a certain 
discrepancy, previously noted in the relative intensities of the lines, is 
accounted for by the hydrate mixed with the anhydrous salt, and that, 
when allowance is made for the fact that one of the hydrate lines coincides 
with an anhydrous salt line, the observed and calculated intensities arc 
practically identical. The fact that in Davey's experiments one or more 
compounds, neither of which probably forms cubic crystals, could give 
as many as 20 lines which agree in position with a simple cubic arrange¬ 
ment, is a striking illustration of the danger of using the powder method 
by itself. The observed intensities, however, do not agree with the 
calculated ones. Rubidium fluoride is so hygroscopic that it alters at 
once on exposure to air, and the authors consider that the rubidium 
fluonde employed by Davey was not anhydrous ; the observed distance 
between the atoms was 3-172 A., while that calculated from the additive 
law is 2-80 A.; the observed intensities of the reflections do not agree 
with those calculated for the stated atomic arrangement. H. N. A. 

754. Atomic Structure and the Reflection of X-Rays by Crystals. D. R. 
Hartree. (Phil. Mag. 40. pp. 1091-1111, Dec., 1923.)—In a recent paper 
the author has attempted to determine, approximately, the field inside, 
and in the neighourhood of an atom, by quantitative analysis of the 
terms appearing in the optical and X-ray spectra, following the theory 
given in a more qualitative form by Bohr ; the dimensions of the orbits 
could be calculated approximately from the results of this analysis, and 
applied to the problem of the intensity of the reflection of X-rays by crystals, 
and some preliminary results of this application to sodium were quoted 
and compared with the results of W. L. Bragg, R. W. James, and C. H. 
Bosanquet [Abstract 285 (1923)]. In the present paper this application 
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is considered in detail, and the possibility of obtaining evidence on the 
orientations of the orbits in the atom, and the relative phases of the 
electrons, from X-ray reflection is discussed. Use is made of the factor 
F 2 in the formula as given by Bragg for the intensity of X-ray reflection; 
its value is first calculated with different distributions of the electrons in 
orbits, the actual moving distribution being averaged out into a spherically 
symmetrical distribution of charge (A) : a similar calculation is made 
with the planes of the orbits fixed, when the circular orbit averages out 
into a ring distribution of charge (B) ; finally F is calculated where the 
normals to the planes of the orbits make fixed angles with the axis of the 
atom, but are capable of rotation round that axis ; the atom axes are 
parallel to the three crystal axes and distributed equally among them (C). 
Comparison with the experimental data, dealing with the intensity of 
reflection from the different crystal planes, seems to indicate that this 
last atom, with the electron distribution 2 lj, 4 2j. 4 2>, gives the best 
agreement. This represents the positively charged Na ion, and it seems 
clear from the dimensions found for this, and for the uncharged atom, 
that it is the ion which occurs in the NaCl crystal. The negatively charged 
Cl ion, with the electron distribution 2 1,. 4 2,. 4 2>, 4 3,. 4 3 2 . and orbit 
positions C. gives greater differences between the calculated and observed 
values than in the case of sodium, the observed values being too small; 
reasons arc suggested for this. For mathematical and other details the 
original paper should be consulted. H. N. A. 

755. X~Ray Investigation of Certain Organic Esters and Other Long- 
Chain Compounds. G. Shearer. (Chem. Soc., J. 123. pp. 3152-3156, 
Dec., 1923.)—The author refers to Muller’s results with some of the higher 
fatty acids [Abstract 14 (1924)] and describes experiments using a similar 
experimental method, the substance, however, being mounted in the 
form of a very thin layer on a strip of mica which was oscillated through 
about 8° on either side of the X-ray beam ; the lines characteristic of the 
substance investigated, and the K« and reflections from the mica, appear 
on the photographic plate, and the latter give exceedingly sharp lines 
corresponding to a spacing of 10-1 A., and calibrate the plate automatically. 
The methyl, ethyl, octyl, and cetyl esters of palmitic acid, the methyl 
and ethyl of stearic acid, and three chain compounds, which possess a 
benzene group, were investigated. For the palmitates Arfj/An = 1-22 A.. 
where d, is the cleavage spacing, n the number of CH 2 groups in the chain, 
and Arf 1 /An is the increase of spacing per CH 2 group. MUller found for 
the fatty acids 2 • 0 A.; but points out that the length of the cell is probably 
that of two molecules. The stearates arc longer than the palmitates; 
the increase per carbon atom on the acid side of the molecule is 1 • 0 A. 
which agrees with Muller’s results. The accepted diameter of C is 1*5 A.» 
so that, either the general direction of the molecules is not even approxi¬ 
mately perpendicular to the cleavage planes, or the carbon atoms of the 
chain are arranged in some spiral or zig-zag fashion. Observations with 
the compounds containing a benzene ring show spacings of about double 
amount, with about twice as much increase per CH 2 group, so that it 
would seem that the " cell ” contains two molecules placed end to end. 
The difference in length between the molecules of octa-decylbenzene and 
p octadecylphenol is 1 - 0 A., which is about what is to be expected for the 
O atom, which forms the only difference between the two molecules. 

H. N. A. 
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756. Further X-Ray Measurements of Long-Chain Compounds and their 
Interpretation. A.Mtiller and G. Shearer. (Chem. Soc.. J. 123. pp. 3156- 
3164, Dec., 1923.)—The authors discuss results of previous papers (see 
preceding abstract] and gives values of d x , d 2 . and d 3 for eight new 
acids. It is only by a complete investigation of the crystal structure that 
the dimensions of the molecule can be determined ; it happens, however, 
that, in the case of the long-chain compounds investigated, there appears 
to be a very close connection between the length of the molecule and the 
spacing d, of the cleavage planes ; it is necessary to conclude that, for any 
one series, the molecules are all inclined at the same angle to this plane. 
In the case of the acids there are probably two molecules between two 
successive cleavage planes, arranged end to end in opposite directions. 
The average increase per CH.» group, on this assumption, is for the acids 
1*0 A., while the “diameter" of the carbon atom is 1*6 A.; if the 
molecules are perpendicular to the cleavage planes the carbons must be 
connected together, not in straight lines, but in spirals or zig-zags. In 
the diamond structure the angle between the lines joining the centre of 
a carbon atom to the centres of two of its neighbour atoms is 109° 28', and 
different forms of chain are considered and illustrated, in which the posi¬ 
tions of the atoms are governed by this angle. The longest possible chain 
is such that all the atoms are in one plane, and arranged in zig-zag fashion ; 
this gives an increase of 1-22 A. per carbon atom ; a spiral arrangement, 
with the same angle between the lines joining the centres of successive 
pairs of atoms, gives an increase of 1 • 12 A.; there is a third arrangement, 
also zig-zag, in which the lines joining successive pairs of atoms are per¬ 
pendicular to the cleavage plane, and the line joining the centres of the 
top atom of one pair to the bottom atom of the one above it is inclined 
109° 28' to the perpendicular; the average increase of length per atom 
is 1*0 A.; this agrees with the value found for the acids, while that for 
the first chain agrees with that found for the esters. For further details 
the original paper should be consulted. H. N. A. 

757. The Study of Stress-Strain Problems by Means of Rdntgen Rays. 
(Engineering, 116. pp. 750-751. Dec. 14. and pp. 762-763. Dec. 21. 1923.)— 
Gives a number of Laue diagrams (photographs) obtained by Dr. 
Czochralski for aluminium ; it is shown that a very simple Laue diagram 
is obtained when the X-ray beam falls on a single crystal; with a large 
number of crystals in the field the dots become more numerous, more 
crowded, smaller, and fainter, until the halo pattern of an amorphous 
material, without dots, is approached. In the next series of experiments 
the specimens were stressed before the diagrams were taken ; a Brinell ball 
2 mm. in diameter was forced into slabs of single crystal, with pressures of 
1, 3, and 5 kg. at the place through which the X-rays afterwards passed, 
and the full round dots obtained before this treatment were found to change 
their appearance and, to a lesser extent, their relative positions ; they look 
more like drawn-out lenticular curves ; for the higher pressures this 
becomes more pronounced, the lower dots approach the dark central spot 
closely, and the dots develop radial appendages. With a larger ball, and 
10 kg. pressure, the dots disappear, and an " asterism ’’ is formed round 
the central spot. Pricking a crystal with a steel needle to a depth of only 
0-1 mm. caused the round dots to assume the lenticular form. Somewhat 
similar results were obtained by stretching the crystals, and by rolling them 
out into foil. On the strength of these and other researches Czochralski 
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maintains that the " strengthening ” which cold work imparts to metals 
cannot be ascribed to the formation of an amorphous layer, or explained 
by a “ translation hypothesis,” involving flow and slip lines; but must 
be attributed to a dislocation ” in the lattice structure. Attention is 
called to the work of A. Ono. F. Korber and Polanyi, and the author of 
the paper concludes that, whatever the facts may be as to the behaviour 
of slip planes, sooner or later the lattice itself must be disturbed or dis¬ 
located. and that Czochralski’s photographs suggest that this disturbance 
must set in at an early stage, and proceed gradually. H. N. A. 

758. Rotational Specific Heat and Half Quantum Numbers. R. C. 

Tolman. (Phvs. Rev. 22. pp. 470-478. Nov., 1923.)—It is shown from a 
consideration of infra-red rotation-oscillation spectra, that the lowest 
possible azimuthal quantum number for a non-oscillating rotating molecule 
of the rigid ” dumb-bell ” model can have only the values zero, one, or 
one-half. An elementary theory of quantisation in space for the new 
case of half quantum numbers is then developed which shows that the 
a priori probabilities for successive levels of rotational energy stand in 
the ratios of 1, 2, 3. . . . The specific heat curve for diatomic hydrogen 
to 300° K is then calculated on the basis of the energy levels and of a priori 
probabilities corresponding to half quantum numbers, and is compared 
with the experimental points and with the curves calculated by Reichc 
using zero and one as the lowest possible azimuthal quantum number. At 
low temperatures the new curve agrees with the experimental data as well as 
any curve of Rciche’s. At the higher temperatures, none of the curves agree 
with all the experimental points. The moment of inertia for the hydrogen 
molecule corresponding to the new curve is J — 1-387 x 10~ 41 gm. cm. 2 , 
about two-thirds the values assumed by Reichc. 2 095 to 2-293X 10- 41 , 
and agrees better with the conclusion of Sommcrfeld from the separation 
of lines in the many-lined spectrum of hydrogen, that the moment of inertia 
of an excited hydrogen molecule is 1 -9 x 10“ 41 gm. cm. 2 which should be 
greater than that of the unexcited molecules involved in specific heats. 
Hence the possibility of half quantum numbers seems worthy of 
consideration. Author. 

759. Energy in Radiation. W. Bothe. (Zeits. f. Physilc, 20. 2. 

pp. 145-152, 1923.)—Statistical methods give for the mean square of 
energy-fluctuations A 2 = AT 2 (dE/i)T) where E is the mean energy of a 
system, T the temperature, and h Boltzmann’s constant. With Planck’s 
equation this becomes A 2 = hvE 4 (AE 2 /a»^V). If we assume quanta 
to be discrete and independent, we get A 2 ■= huE only, whereas if ' ve 
assume quanta to be associated as singles, doublets, triplets, etc., in 
numbers determined by a probability law but involving no work upon 
association or separation, we obtain for A 2 the former, the statistical 
expression. A. D. 

760. Some Approximate Numerical Applications of Bohr's Theory of 
Spectra. D. R. Hartree. (Cambridge Phil. Soc., Proc. 21. pp. 625- 
641, Nov.. 1923.)—Accepting Bohr's theory of atomic structure, an 
attempt is made at the determination of an electric field such that the 
orbits specified by the application of the quantum conditions to the 
motion of an electron in this field shall have the energies assigned to 
the different terms in the optical and X-ray spectra. The dimensions 
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of the orbits can then be calculated, though exact agreement is not to 
be expected. Only atoms which in the normal state have one electron 
only in the most lightly bound type of orbit arc considered, for 
example K. ionised calcium, and sodium. The field at distance r is 
thought of as due to a charge 7.e and the problem is the determination 
of Z as a function of p. where p = r/a. a being the radius of the 
hydrogen \ x orbit, such that for a given n and A the values of v/R calcu¬ 
lated from the equation n — A = l/fcrj ^ — ^ l 2e — / ,/p become 

as nearly as possible those of the terms of the optical and X-Kav spectra. 

f Z 

v 5=1 “5 and {or circu,ar orbits Zp - A 2 . 

No details of atomic structure are postulated. The ” added fields.” 
i.e. the fields which may be thought of as superimposed on the field of 
an H nucleus, become appreciable a long way outside the boundary of 
the atom, precluding the possibility of central symmetry. This " added 
field ” is very much smaller for Ca tiian for K. Z - K at the boundary 
of the atom is nearly the same for all the atoms, Kc being the net 
charge on the kernel. 

An explanation of the abnormal value of a in Hicks' sequence 
formula is given in terms of the rapid variation of " added field ” in the 
region of the 3 8 orbit. W. V. M. 

761. Difficulties of the Quantum Theory of Atomic Construction. 
A. Landfe. (Phys. Zeits. 24. pp. 441-44 4. Oct. 15. 1923. Paper read 
before the Deut. Physikertag., Bonn. Sept., 1923.)—The author enume¬ 
rates, " in somewhat apodictic fashion.” quoting his own words, a 
number of the difficulties referred to in the title. G. W. df. T. 


• 762. Quantum Theory of Radiation Equilibrium. A. Einstein and 
P. Ehrenfest. (Zeits. f. Physik, 19. 5-6. pp. 301-306, 1923.)—Pauli's 
proposed statistical law of probabilities (Zeits. f. Phys., 1923) for the 
impulsions of quanta in radiation seems at first sight to lead to para¬ 
doxical conclusions; but a careful investigation, starting from first 
principles, gives results which agree with it. A. D. 

763. Quasi-Ergodic Motions and the Quantum Theory. P. Ehrenfest. 
(Zeits. f. Physik. 19. 4. pp. 242-245, 1923.)—The author posits the 
question ; Can a system with s degrees of freedom have more than 
2s—1 independent frequencies? He has not found an answer to the 
general question, the objective put forward being to formulate a hypo¬ 
thesis capable of being either definitely proved or disproved. Consider 
a system with s degrees of freedom and Hamiltonian function \i{q.p), 
then, in quasi-ergodic motion [see Abstract 1779 (1923)], its phase path 
in the 2s-dimensional q.p space, in the course of its motion passes indefi¬ 
nitely near, in general, to every point of a p-dimensional domain. 
domain lies in the 2 s —1 dimensional energy surface 
P = 1, the motion has only one frequency; the maximum P * s 

2s—1, when the motion is quasi-ergodic. Now at each^KsJge of the 
phase path at a minimum distance from the energyjroa?e not only 
q,p and q, p. but the higher derivatives also are to a vwffiHose approxi¬ 
mation equal for all the frequencies. Now it is sjjK^F earlier 
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paper that for a single frequency movement in a plane the phase path 
is a closed curve, and for a manifold frequency the phase path will 
cither occupy a two-dimensional domain G 2 or be infinitely near to a 
three-dimensional domain G 3 . In the latter case the motion will be 
quasi-ergodic. Then, guided by this analogy and the above-mentioned 
considerations, the author formulates his hypothesis as follows: 
Assume, in the general case, a quasi-ergodic motion with manifold fre¬ 
quency to be representable by G, motions in which the q's and p’s, in 
their dependence upon the time, are representable by M-fold Fourier 
series, u — p and consequently has the maximum value 2s— 1. If it be 
substantiated, it will follow that, in the sense of the foregoing repre¬ 
sentations. systems may be found of manifold frequency in which 
s < u ^ 2s — 1. These would not be subject to quantum conditions, which 
require u<is. G. W. de T. 

764. Degenerate Systems in the Disturbed Motion Calculus. L. 
Nordheim. (Zeits. f. Phvsik. 21. 4. pp. 242-246, 1924.)—The author 
in this paper calls attention to an error made by him in his calculation 
of the higher approximations in a former paper [Abstract 25 (1924)]. 
He here replaces the faulty procedure bv an investigation which 
W. Pauli was kind enough to send him. G. W. de T. 


765. Precision of Michelson's Experiment. E. Brylinski. (Comptes 

Rendus, 177. pp. 1209-1210. Dec. 3. 1923.)—Discusses the theoretical 
basis of the experiment, and shows that according to the conditions pre¬ 
vailing. i.e. geographical position, date, andjiour of day. the displacement 
of the interference fringes may vary greatfy. and will in general be less 
than those predicted on previous theories. x The displacement may even 
be zero in a considerable number of cases. J. W. T. W. 

766. Einstein Theory. P. Drumaux. (Assoc. Ing. £l. Li6ge. Bull. 1. 
Ser. 7. pp. 233-252. July; 277-291. Aug.-Sept.; 314 320. Oct., ana 
pp. 342-366. Nov.-Dee.. 1923.)—On the basis of a postulate that bpace. 
Time, Mass, and Movement are inseparably connected by measurame 
relations, the author develops the Einstein theory. 

767. The Special Relativityt Theory and Velocities > c. L. Strllm. 

(Zeits. f. Physik, 20. 1. pp. 36-44, 1923 .)—Velocities > c would not 
in disaccord with the theory. Not only questions of simultaneity a 
of time-duration but also of time-direction, come under the 
For velocities > c. the phenomena would occur in the region oi 
Minkowski world hitherto excluded, outside the 4 -dimcnsional c 
*2 + y 2 2 2 _ u 2 _ o, with time in a reversed direction. 

768. Contradictions between Ether Theory and Relativity Theor {, 

E. Gehrcke. (Zeits. techn. Physik. 4. 9. pp. 292-299. 1923.)—A ge 
review gleaned from papers and books by Michelson, Morley, * • 

Gerben, Righi. Birkeland. Niedermoller. St. John. Sagnac. von Sol 
Mohorovidid, Forsterling. Bucherer. Wiechert, Lenard, and others. 


769. The Behaviour of Light from Extra-Terrestrial Sources. **• 
Tomaschek. (Ann. d. Physik, 73. 1-2. pp. 105-126, Dec., 1923.)—^ 
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object of the research described was to find if it was possible by means 
of the Michelson interference experiment to show the existence of an 
absolute reference system, the Urather of Lenard. Light from the sun. 
moon, Jupiter, and the fixed stars Arcturus and Vega was examined by 
a special arrangement of Michelson’s apparatus, but the results were 
negative, no shifting of the interference bands was observed. Thus the 
light quanta examined no longer travel in the Urather of interstellar space, 
but have assumed a light velocity relative to the ether of the earth, which 
is at rest relatively to the earth s surface. J. J. S. 

770. Propagation of Light in Interstellar Space. P. Lenard. (Ann. 

d. Physik, 73. 1-2. pp. 89-104. Dec., 1923.)—A discussion of the behaviour 
of light in view of the results of recent experiment: (1) The action of gravity 
on light quanta as indicated by the deflection of light rays by the sun ; 
(2) the negative outcome of Tomaschck's repetition of Michelson’s experi¬ 
ment with light from the sun. moon, and planets, and, which is specially 
important, with fixed star light. The author brings forward the hypo¬ 
thesis of an ether which fills interstellar space—the " Urather ”—and does 
not share in the motion of the heavenly bodies, while to each heavenly body 
is ascribed its own ether which surrounds it like an atmosphere and partakes 
in its velocity. In the ether of the earth all light quanta of whatever 
origin travel relatively to this ether with the light velocity c, just as also 
all light quanta do in the province of one of the other heavenly bodies 
relatively to the ether there ; from star to star on the contrary light velocity 
relative to the Urather prevails. J. J. S. 

771. Gravitational Displacement of Solar Lines. C. E. St. John. 

(Roy. Astron. Soc., M.N. 84. pp. 93-96. Dec.. 1923.)—Pressure, anomalous 
refraction, motion in the line of sight, gravitational shift, and differential 
scattering are taken into consideration as causes for the displacement of 
the Fraunhofer lines. Pressure is found to be a small fraction of a 
terrestrial atmosphere, and is therefore out of count. Anomalous refrac¬ 
tion requires high density-gradients, and these arc wanting. From a 
study of 300-400 iron lines, a comparison of the solar wave-lengths and 
laboratory wave-lengths in vacuo give the former as the larger, and when 
the calculated Einstein effect is deducted from the differences, the dis¬ 
crepancies are systematic and greater than errors of observation. These 
discrepancies are attributed, partly to radial velocities of moderate 
cosmic magnitude and in probable directions, and partly to differential 
scattering in the longer paths traversed through the solar atmosphere at 
the limb of the sun. A. S. D. M. 

METEOROLOGY AND GEO-PHYSICS. 

772. Optical Soundings of the Atmosphere. (Miss) E. Bellemin. 
(Comptes Rendus. 177. pp. 1316-1319, Dec. 10, 1923.)—Information con¬ 
cerning currents in the upper air may be obtained from the results of 
optical soundings. Observations have been made of the height H, above 
the horizon, where the scintillation of stars ceases to be accompanied by 
changes of colour. The values of H have been classified into 4 zones : 
I. 0°-24° above the horizon ; II. 24°-34° ; III. 34°-44° ; IV. 44°-64°. 
At the beginning of periods of fine weather, H lies either in zone I. or II. ; 
in periods of intermittent rain, H is generally in III. or IV. If H passes 
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quickly from zone I. or II. to zone III. or IV. the approach of a storm is 
indicated. These measurements may be of value in making forecasts 
for a comparatively long period. A. W. L. 

773. Improved Method of Computing Meteorological Normals. H. W. 
Clough. (Monthly Weather Rev. 51. pp. 391-395, Aug., 1923. Paper 
read before the Am. Meteorolog. Soc.. Washington, April, 1923.)—Modi¬ 
fications of the least square method for the determination of meteoro¬ 
logical normals, and their advantages over the arithmetic mean of a 
number of observations, arc discussed. The methods are illustrated by: 
(1) The determination of the period, and the average date of maximum, 
of rainfall at San Francisco—treated statistically ; (2) computation of 
the mean annual temperature at Washington—treated both statistically 
and graphically. In these methods relatively greater weight is given to 
the terms in the middle of the series. A. W. L. 


= 774. The Law of Pressure Ratios and its Application to the Charting of 

Isobars in the Lower Levels of the Troposphere. C. L. Meisinger. 
(Monthly Weather Rev. 51. pp. 437-448. Sept., 1923.)—-A method of 
charting isobars at heights of 1 and 2 km. has been described in earlier 
papers (Abstract 833 (1923)). The data for several stations shows that 
the relation between />,//>, (the ratio of the pressure at a height z to 
that at the surface), and p. 2 lp\ (the ratio between the pressures at 2 and 
1 km.), is approximately linear if z is< 5 km. Thus, pjp, = {a. P2IP1) + & > 
this is termed the law of pressure ratios. The values of a and b, corre¬ 
sponding with heights of 3. 4, and 5 km., have been obtained by the 
method of least squares from the observed pressures at several aerological 
stations ; these values are corrected for the variation of the mean of a 
number of observations at a given station from the annual mean. A 
study of the probable errors involved shows that the order of accuracy 
for the higher levels is the same as that at 2 km.; this is confirmed by 
comparing the observed pressures at higher levels with the values com¬ 
puted from surface conditions. The values of a, corresponding with 
different heights, and corrected for the height of the station above sca¬ 
le vel. are charted. These charts show a region of low values in the 
middle latitudes of the Eastern U.S., with a steep horizontal gradient to 
the south and a slight gradient to the north. The values of b for non- 
aerological stations may be found from the values of a given by these 
charts and interpolated values of mean annual pressures. A. W. L. 


775. Group Distribution and Periodicity of Annual Rainfall Amounts. 
R. E. Horton. (Monthly Weather Rev. 51. pp. 515-521, Oct., 1923.) 

In annual rainfall and other data, it is often noticed that there is a 
tendency for the occurrence of groups of successive years all above or 
all below normal. The occurrence of such runs of " wet ” and " dry 
years in actual data is discussed in relation to the probability of groups 
of different lengths in a chance distribution. This leads to a simple 
criterion of the existence of periodicity in the data. A useful feature o 
the paper is a reproduction of the annual values of precipitation f 10 ^ 1 
the long record at Padua (176 years, 1725-1900). M. A. 


776. Meteorological Observations at Saint Maurice in 1922. R. Gautier 
and E. Rod. (Arch, des Sciences. 5. pp. 478-488, Nov.-Dee., 1923.) 
See also Abstract 426 (1923). 
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777. Meteorological Observations at Rio de Janeiro, 1020. (Bolctim 
Meteorologico, [162 pp.] 1923.)—General observations at the national 
observatory during 1920. 

778. Aurora, Sunspots, and Magnetic Variations during 1021. 
W. E. W. Jackson. (Roy. Astron. Soc. Canada. J. 17. pp. 361-364, 
Nov.-Dee., 1923.)—Sets out graphically the auroral intensity. Wolfer 
sunspot numbers, and range of vertical force, horizontal force and 
declination at Agincourt. for each day of the year 1921, in order to show 
to what extent there is agreement between times of maxima and minima 
of the various curves. While there arc some striking coincidences, there 
are equally striking discrepancies. The " auroral intensity " is based on 
reports from meteorological observers at stations scattered over Canada, 
the " intensity " on a particular day being taken as measured by the 
number of observers seeing aurora on that day. Also compares the 
" mean daily range " (R) of declination and horizontal force at Agincourt 
for each of the years 1898 to 1921 with the mean sunspot numbers (S). 
There is a close linear relationship given by :— 

• For declination, R =* 8'-374 + 0*0343 S. 

For horizontal force. R = 27 -926 y + 0-2209S. 

M. A. G. 

779. A clinometer. Henry. (Comptes Rendus, 177. pp. 1323-1326, 

Dec. 10, 1923.)—A new type of Arago actinometer is described. The 
two spheres are completely enclosed in glass, and the temperature is 
read from a tellurium-nickel thermo-couple, giving a current so strong 
that the ordinary laboratory galvanometer can be used. Radiation. — 
The instrument showed that with covered sky the negative radiation 
ceased 25 mins, before sunrise, and on one occasion commenced before 
sunset, but became positive again one hour after sunset. This reversal 
has been observed also on other occasions. W. A. R. 

780. Influence of Barometric Pressure on the Specific Gravity of the 

Surface Water in the Indian Ocean. R. B. S. Sewell. (Nature. 112. 
pp. 789-790, Dec. 1,1923.)—Daily variations of these quantities are found 
to be correlated, and this is explained as being due to the upwclling of 
water from deeper levels. During the monsoons, the surface water is rela¬ 
tively light, so a high barometer goes with a low surface specific gravity. 
In the drier seasons, the reverse occurs. W. G. B. 

781. Earthquake Surface Waves. B. Gutenberg. (Phys. Zeits. 24. 

pp. 468-469, Nov. 1-15, J923.)—The Chili earthquake of Nov. 11. 1922. 
gave two groups of surface waves. The first had a period of 1 min.-2j 
mins.; a constant speed of propagation from 4J-4 j km./sec.; and an 
absorption coefficient of from 0-00010-0-00015. The second group had 
a period less than J min., whilst its speed was smaller, and its absorption 
greater than the first group. It is suggested that the long-period waves 
depend chiefly on the elasticity of the deeper layers; and the second 
group on the structure of the surface layers. Exactly what type of wave 
was involved could not be determined with certainty. W. A. R. 

782. Magnetic and Gravity Anomalies at Koursk, Russia. P. 
Lasareff. (Comptes Rendus. 177. pp. 1232-1234. Dec. 3, 1923.)—Two 
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roughly parallel belts, running from the N.W.-S.E., showing marked 
anomalies were investigated. The passage from marked to feeble anoma¬ 
lies was sharp. The isolines showed the existence of a maximal line, 
which was called the anomaly axis. The vertical magnetic component 
varied along the axis; the declination changed from E. to W. on 
crossing it in a N.E. direction, and the minima values of the horizontal 
component segregated about this line. The gravity anomalies did not 
necessarily coincide with the magnetic, but they enabled a prediction 
that the cause of the anomalies was not the existence of telluric currents, 
but a bed of magnetite deeply buried. A special investigation was under¬ 
taken to verify this conclusion, and at a depth of loO m. a mass 
magnetite was discovered (associated with quartzites), impure at the 
surface but enriching considerably downwards, and of great extent. 


783. Gravity Results in Mackenzie Basin. A. H. Milter. (Roy. 

Astron. Soc. Canada. J. 17. PP . 367-373. Nov ^ 192 ^"M a ^enzic 
given of the nine gravity stations established in 1921-22 in the Ma <* e 
River basin. The times of vibrations of the bronze pendulums, invan 
able" except for changes due to temperature wiations. are compared 
with those obtained at Ottawa, where the force of gravity * * 

the value of gravity thus is found at all the stations Ottawa s g^ 
has been compared with Washington’s and so with European 
and the Canadian gravity determinations (of which there are no 
51 stations) are comparable with those throughout the world. The 
results from the nine stations are summarised in two tables. .Vn _ 
"Corrections" in Table H. there is given the altitude correction and 
also that based on the theory of isostasy. which has been the mosts^ 
cessful in predicting observed values. Hence the importance of 
column in this table, which gives the gravity anomalies. A. s. • 


784. Earth-Current Measurement at Wathcroo Magnetic Observatory- 
O. H. Gish. (Tcrrest. Magn. 28. pp. 89-108. Sept.. 1923 .)--Comp‘ e tc 
description of earth currents requires a knowledge of the distribu l 
both earth resistivity and potential. This question is analysed, 
main consideration is directed to potential gradient. The case w 
the measuring lines are not at right angles is included. Th ® appa . 
in use at Watheroo is described with the aid of diagrams. The earw 
points are arranged rectangularly, one limb running N. and e 
E. from the vertex. The vertex is the common point of releren ^' ‘ 
nearer points along the lines are also earthed. 1 he potentia » . 

between the nearer point on each limb and the.vertex c » n b ® e er 0 f 

alternately by underground and overhead lines. and both 
transmission compared. Only overhead lines are available to th ^ R 
points. 

ASTRO-PHYSICS. 


785 Status of Observatory Work, 1922. (Internat. Geodet. an<l 
Geophys. Union. Bull. No. 3. pp. 57-74, Oct., 1923.) 

• • 786. Determination of Longitude of Innsbruck Observatory with 
of Wireless Signals from Nauen. A. Scheller. (Akad. Wi$5. 
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Ber. 131. 2a. No. 6-7. pp. 446-460, 1922.)—The mean of 1G determinations 
gives a longitude east of Greenwich = 45 m. 31*448 s., with a probable 
error of ±0-050 s. M. A. E. 

787. Occurrence and Distribution of Solar Facultr in Latitude . Green¬ 
wich Observatory. (Roy. Astron. Soc., M.N., 84. pp. 96-99, Dec., 
1923.)—An analysis of the 70,000 measures of facula:. observed at Green¬ 
wich, by plotting each group of facula: for each rotation of the sun from 
1874-1917 according to its latitude, and indicating its area by a certain 
thickness of line, after the method of E. W. Maunders " butterfly dia¬ 
gram ” for the latitude of sunspots. The facula zones are broader than 
the spot zones, and there is a zone of polar facuhx- in both hemispheres 
near latitude 70°, but these do not seem to be connected with polar 
prominences. The facula: unassociated with spots are small, faint areas 
lasting at the most for two months; the duration of facula: connected 
with spots is, on the average, three times the life of the spot group. 
Faculae tend to spread out in latitude ; spot groups in longitude. 

A. S. D. M. 

788. Variations of Sun’s Visible Features and of Solar Radiation. 

C. G. Abbot. (Nat. Acad. Sci., Proc. 9. pp. 355-357, Oct., 1923.)— 
The author has compared direct solar photographs and H. spcctro- 
heliograms from Mt. Wilson with the intensity of solar radiation 
outside our atmosphere, determined by the Smithsonian Institution ; 
and finds: That higher radiation occurs when a spot group forms, or 
comes into view, at the east limb; that high radiation occurs when 
the solar surface is generally disturbed ; that radiation tends to fall con¬ 
tinually during solar quiescence; but that lower radiation occurs when 
a sunspot transits the central meridian of the sun, minimum usually 
taking place on the day following the transit. He recalls Guthnick's 
observation of variation in Saturn’s light (Vol. IV, "Annals of the Astro- 
physical Observatory ”) with the solar constant as seen from the earth, 
due time being allowed for the presentation of that same solar longitude 
to Saturn, and attributes the fact to the diminished transparency by 
the coronal rays whose base lies upon the spot group. A. S. D. M. 

789. The Dielectric Constant of the Sun's Photosphere . W. Anderson. 
(Zeits. f. Physik, 20. 3-4. pp. 166-169, 1923.)—Saha has come to the con¬ 
clusion that the sun must be surrounded by an atmosphere of free electrons, 
and the author has made the further step of identifying this " electronic 
atmosphere ’* with the inner corona. Bottlinger has calculated the mean 
velocity of the electrons and shown it to be such as to cause the electron 
to leave the sun which thus becomes positively charged. According to 
calculations due to G. E. Hale, magnetic fidlds of the order of 1000 gauss 
are produced by the motion of this *' atmosphere " and a cubic centimetre 
of gas must contain 2-10 7 electrons. It must therefore be assumed that 
the photosphere for 1000 km. deep has this excess of electrons and deep 
in the sun a great quantity of positive electricity must be stored. It is 
shown that the electron must be pulled downwards with a force more 
than 6-10 11 that acting on the heaviest neutral atom, while a positively 
charged atom must be acted on by a correspondingly large force. This 
result is not in agreement with Saha's, which show that the electrons 
are concentrated in the higher layers as they are lighter than the positively 
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charged atomic nuclei, whereas it has been pointed out that it must be 
very much " heavier.” The author is of the opinion that the solution 
lies in the assumption that the dielectric constant of the photosphere is 
not equal to unity but to a very large number, thus reducing the electrical 
forces. The dielectric constant must be of the order of 10 l8 . This implies 
on Maxwell's theory, a very large refractive index. The Drude formula 
for the refractive index of conductors is discussed and shown to give 
even larger ones, but for large conductivities w 2 > e, where n = refractive 
index and c = dielectric constant if /x = 1. It may happen that Drude's 
formula is not applicable to the photosphere, but it is still maintained that 
without proof there is a grave risk in assuming the dielectric constant to 
be equal to unity. W. V. M. 

790. The Apparent Distribution of Energy on the Solar Disc. A. 

Amerio. (Accad. Sci. Torino, Atti. 58. 8. pp. 181-190, 1922-1923.)— 
In earlier work [Abstract 1389 (1915)] the author found that the apparent 
energy at the centre of the solar disc, as compared with that towards the 
margin, increased slightly with the altitude of the observing station. He 
has now investigated the effect of the different thicknesses of air traversed 
by the sun's rays during the hours of daylight, and has obtained well- 
marked confirmatory results. • A. D. 

791. Consequences Following on the Fact that all Stars, including the 
Sun, must have passed through Nova Stage. E. Belot. (Comptes 
Rendus, 177. pp. 947-948. Nov. 12, 1923.)—Arguing from Bailey's 
estimate of an annual average of 15 novae, the author draws the conse¬ 
quence that all stars and therefore the sun, must have passed through 
a nova stage. He deduces that the theories of Russell and Eddington 
must be revised from this point of view and concludes that all stars 
have planetary and cometary systems, the diverging nebulosities of 
the novae being the skin issuing from them to form planets. A. S. D. M. 

792. Photo-Visual Magnitudes of One Hundred Fright Stars. E. S. 
King. (Harvard Coll. Abs., Annals, 85. 3. pp. 45-62, 1923.) 

793. Development of Faint Images in Fogging. S. R. Pike. (Roy- 
Astron. Soc., M.N. 83. pp. 493-501, Oct., 1923.)—Quantitative measures 
of densities by means of a photoelectric cell and an optical wedge. An 
Ilford panchromatic process plate was exposed in six strips (A to F), 
parallel to its length, and in five strips (1 to 5) parallel to its breadth, 
for various periods of time, to a fixed source of red light, and developed 
with azol. The strips. 1 to 5, represent the faint images to be brought 
up, and the six strips, A to -F, the foggings; the darker points at the 
junctions of the strips giving the blackenings of the " brought up 
images. The density is defined as: 

_ (Intensity of incident light) 

°gio (intensity of transmitted light)' 

Definite proof is obtained of an optimum fogging exposure which will bring 
out the faint image to the greatest possible extent; this " optimum " 
fogging for any given faint image depends only on the density of the 
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image, and not at all on its past history, for images with the same 
density will give the same " curve," whether these images are produced 
by over-exposure and under-development, or by under-exposure and 
over-development; the separate times of exposure and development do 
not enter into the question. A. S. D. M. 

794. Study of Planetary Surfaces by Polarisation. B. Lyot. (Comptes 
Rendus, 177. pp. 1015-1017. Nov. 19. 1923.).—By using a powerful 
polariscope on telescopes of 0-83-m. and 0-175-m. aperture, the author 
finds polarisation from planets where Savart had found none. The planet 
is observed in the eyepiece of a telescope with a polariscope. and simul¬ 
taneously by means of an inclined mirror, so that its light is polarised, by 
turns, in two planes, parallel to and perpendicular to the principal section 
of the polariscope. Fringes are made to appear which arc therefore of 
the same intensity, if the light of the planet is unpolarised, and of different 
intensities if it is slightly polarised. The polariscope and method of 
observing is described and a diagram is given of some of the results from 
Venus, of which 70 measures were made subsequent to 1922, May 13. 
When Venus was in quadrature or a crescent, the terminator was always 
more polarised than the limb, and the polarisation underwent irregular 
fluctuations which were not observed with angles less than 60°. A cloud 
of droplets gives, in effect, when examined in the laboratory, a polarisation 
curve similar to that found for Venus. A. S. D. M. 

795. Photographic Observations of Minor Planets in 1922 Obtained 
with the Franklin-Adams Star Camera. (Union Obs. S. Africa, Circ. 
No. 67. pp. 187-193, April 10. 1923.) 

796. Comparison of Photographic Measures Made by Different Observers. 

E. S. King. (Harvard Coll. Obs., Circ. No. 249. pp. 1-0. 1923.)—It is 
well known that the relative brightness of stars can be gauged by esti¬ 
mating the diameters and also the blackness of their images on a photo¬ 
graphic plate. Tests have been made at Harvard College Observatory 
on the ability of different observers in this work by supplying a star 
photograph to be measured, and a scale consisting of a scries of images 
of some star which has been photographed with exposures progressing 
in geometrical ratio. The plate is measured twice, and means of the 
two sets of measures are taken for each observer. It is found that the 
brightness of a star can be determined with an accuracy of about 0- 07 
magnitude, and that many persons, even without previous experience, 
are able to engage effectively in the work. M - A K - 

797. Interferometer Measurement of Double Stars. M. Magginl. 
(Accad. Lincei, Atti, 32. ii. pp. 20-24, July. 1923.)—Using the rotating 
interferometer, the measurements of double stars in the Burnham catalogue 
having a separation less than O'-7 are given. The slits of the interfero¬ 
meter ate set at an arbitrary distance apart D. and then turned so that 
the interference fringes show minimum visibility. This occurs for four 
positions in a complete revolution, and the two axes thus indicated ie 
at an angle ±tj with the position of the double. The separation of t e 
double is then given by the expression = A/2D cos rj. It is poin e 
out that an instrument of this type has a far greater effective resolving 
power than the telescope with which it i9 used. The results for 38 doubles 
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are tabulated and references given to other determinations with which 
they are compared. A. Wh. 


798. Mechanism and Structure of Planetary Nebula. J. H. Jeans. 

(Roy. Astron. Soc., M.N. 83. pp. 481-493, Oct. 1923.)—An examination 
of the extent to which planetary forms can be explained as the result 
of joint action of gravitation, rotation, and light-pressure, from the 
light of a central star. It is found possible for absorbing matter to stand 
in equilibrium in layers surrounding the central star (1) without rotation, 
if E/M > 47 ryC/K, but this only if E is not the total emission of radiation 
but is confined within a certain definite range of high frequency, and 
k is the capacity of matter of a special kind for light of this frequency; 
(2) for rotation, with steady uniform angular velocity o>, for shells with 
inner and outer surfaces, given by negative and positive values of B 
respectively in the family, o> 2 (* 2 + y 2 )/2 + B /r = K. (o> 2 , B, and K being 
constants.) Here again, it is assumed that the mechanical action of 
light-pressure is limited to a particular colour, say ultra-violet. The 
curves of these shells resemble roughly in many cases, those of known 
planetary nebula?, and it is shown that the body of the nebula must 
be transparent for all practical purposes, so that the light which is 
photographically and visually active, is distinct from the light-pressure 
which is mechanically active. For the amounts contributed by different 
elements of the nebula, three hypotheses are considered : (1) That equal 
volumes, or (2) equal masses give equal light, or (3) that the emission 
of light is confined to regions in which the density is less than a certain 
critical quantity, p„. and the author draws an analogy from the limitation 
of auroral light to regions in the earth s atmosphere where the density 
is less than a certain critical density. A. S. D. M. 

799. Derivation of Equations of Transfer of Radiation, and Application 
to Interior of Star. E. A. Milne. (Cambridge Phil. Soc., Proc. 21. 
pp. 701-710, Nov., 1923.)—(1) For stellar radiative equilibrium, 
Eddington expands the radiation intensity in a series of Legendre 
functions of cos 0, 2A n P n (cos 0), where the A„'s are not determined 
explicitly, but each is very small as compared with its predecessor; 
the author expands in a power scries in cos 0 where the coefficients are 
found explicitly. (2) Eddington has shown that the mechanical effect 
of the radiation, on matter it is traversing, is approximately equivalent 
to that of a hydrostatic pressure p„ the ** pressure of radiation,” given 
by p, = «T 4 /3, and this is the same as for isotropic black radiation. 
(3) If J denote the intensity of black body radiation, at temperature T, 
by Kirchhoff’s law, the emission of energy per gramme of the material per 
second is irrkbT*, and if 47 rc denote the rate of internal generation of 
energy, per gramme, per second at any point, due to any process what¬ 
ever, Eddington supposes that the material emits 47 re together with 47TA&T 4 , 
but according to the author the correct view is that the material simply 
emits AnkbT* and that 47re is the balance between the amount emitted 
and the (smaller) amount absorbed, though the two views are equivalent 
for a first approximation. (4) For material stratified in parallel planes, 
Eddington's ” pressure of radiation ” becomes 

P, = 4tt C -1[J(t)/ 3 + J'(r)/5 + . . .] 
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where J, J', J', etc., are of the relative orders of magnitude of 1, 10~ 10 , 
10” 20 , etc. This argument, however, only holds good if 4tt€, the 
generation of energy, is small compared with 4nkbT*, the total emis¬ 
sion. The pressure of radiation is no longer, as in the isotropic case, 
exactly 1/3 of the energy-density. The error is given approximately by 

p, — E/3 = — . —r-. (5) For the general case the approximation to the 

formula as in the stratified case is p, — 4ttJ/3c. (6) If Eddington's 
view regarding the generation of energy is adopted instead of the 
author’s, then the function J must be replaced by the function j, 
given by j = J + e/A. A. S. D. M. 

800. Mean Absolute Magnitudes of K and M Giant Stars and Systematic 

Errors in Trigonometric Parallaxes. W. J. Luyten. (Nat. Acad. Sci., 
Proc. 9. pp. 317-323, Sept., 1923.)—Van Rhijn, in a memoir on the relations 
between mean parallax, proper motion, and apparent magnitude, reached 
the conclusion that, recent parallax determinations of stars with small 
proper motions are systematically too large. In his investigation he 
assumed that the distributions of the radial velocities and of the com¬ 
ponents of the proper motions are comparable with regard to direction 
and size. Owing to the importance of parallax statistics in stellar 
astronomy, the question is here investigated from another point of view, 
not making this assumption, and dealing with astrophysically homo¬ 
geneous groups of stars, i.e. the Ko giants and the M giants. The 
conclusion reached is that the mean absolute magnitudes of the two 
groups are approximately + 0 M -7 and — 0 M -2, and that the tri¬ 
gonometrical parallaxes, at least those of Allegheny Observatory, arc 
not affected by large systematic errors. M. A. E. 

801. Formation of Planetary and Stellar Systems. A. V6ronnet. 
(Comptes Rendus, 177. pp. 624-027, Oct. 8, 1923.)—The evolution of 
a system consisting of a number of centres of condensation is discussed. 
Assuming first for simplicity a cubic-lattice spacing, the behaviour of a 
small collection of particles, initially at any point, is investigated. Hence 
it appears that the material will become concentrated into zones, and 
that these finally form the three elements of a solar system, the sun, 
the lesser planets, and the greater planets and comets. The formation 
of double stars is also explainable on these lines. It is also seen that 
the planets will revolve about their own axes in a dirtfet sense. 

A. Wh. 

802. Radial Velocities of Long-Period Variable Stars. P. W. Merrill. 
(Mt. Wilson Observat. Contrib. No. 204. Astrophys. J. 58. pp. 215-202, 
Nov., 1923.)—Velocity observations have been made with two single¬ 
prism spectrographs, attached to the 60 -in. and 100 -in. reflectors, on 
the maximum phase of variables brighter than the 9th magnitude. 
Tables are given of wave-lengths of emission lines, of absorption lines 
(Class M,), and of radial velocities of 117 variables. From emission 
lines a slight variation of velocity with phase seems to be indicated as 
real; and it is probable that the appearances of bright lines at different 
times in the light cycle are due to successive phases of the same dis¬ 
turbance, not to different outbursts. It is typical of these variables 
that the bright lines are displaced towards the violet with respect to 
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the absorption spectrum ; and this displacement (absorption minus 
emission-line velocity) increases with advancing spectral type, except in 
Class M 3 ,. It also increases on the average with period and magnitude 
range, but the true radial velocity is probably yielded by the absorption 
lines. From the absorption velocities, the speed of the sun is found to 
be almost three times that found from K and M stars, but the apex is 
almost the same. There are 68 stars with residuals less than 25 km., 
giving V 0 = 48 km., and 65 with larger residuals. V 0 = 65 km., but all 
indicate a strong group motion. The random motion decreases with 
advancing type, the more rapidly moving stars belong to the earlier 
spectral classes. Very high velocities are confined to stars having short 
periods. It is not confirmed that the apparently fainter variables are 
more rapid than the brighter. A. S. D. M. 

803. Interpretation of the Results of the American Einstein Expedition. 
J. Hopmann. (Phys. Zeits. 24. pp. 476-484 ; Disc., 484-485, Nov. 1-15, 
1923. Paper read before the Deut. Physikertag, Bonn. Sept., 1923.)— 
The writer considers that Einstein's general theory of relativity has not 
yet been definitely proved by any of the three tests. In his opinion 
much more work, extending over a long period of time, remains to be 
done in investigating both the movement of Mercury's perihelion and 
the shift of the solar lines to the red, before conclusive evidence can be 
obtained for or against the theory. Me criticises the results obtained 
by the English eclipse expedition in 1919 and by Campbell and Trurapler 
in 1922, and argues that the displacements in star positions near the 
sun can be equally well explained by the Courvoisier effect of " yearly ” 
or " cosmical ” refraction. He urges that this effect should be further 
investigated by observers in different countries, and especially by 
observations of Venus at superior and inferior conjunction, and that at 
future eclipses it should be made possible to differentiate between 
Courvoisier and Einstein effects by (1) securing absolute, not merely 
relative, scales of the eclipse and control plates, and ( 2 ) by photographing 
a larger field extending to greater distances round the sun. 

In the discussion which followed the reading of this paper, Einstein 
agreed that it was impossible to decide between Courvoisier's cosmic 
refraction and relativity effect by means of Campbell's measurements. 

M. A. E. 


804. Internet Motions nf Spiral Nebula. J. H. Jeans. (Roy. Astron. 
Soc., M.N. 84. pp. 60-76, Dec.. 1923.)—It has been shown by v. Pahlen 
that spiral nebula; are all equiangular, and therefore if a spiral under¬ 
goes change, its new curve must also be equiangular. If r = Ae 9tina he 
the equation of the equiangular spiral of angle a. then van Maancn’s 
transverse measures must conform to /*, rans = r{a b log r), and the 
author finds that a is uniformly positive and b negative, and a decreases, 
so that the nebula; considered are curling up more tightly. Analysing 
the forces that can produce the observed motion, the general equations 

are obtained / x = X - i where (X. Y. Z) include all forces acting at 

a distance, and the other terms include all forces arising from the action 
of contiguous particles of matter or " ether." Electromagnetic forces, 
pressure of radiation and of gas, viscosity, etc... are all found to be negligible, 
so that the equation reduces to f x = X. that is to gravitation. In such 
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circumstances the orbits of particles should be of high eccentricity, and 
their velocities mainly radial. Hut in van Maanen s measurements, the 
radial velocity is much less (usually) than the rotational, so that gravita¬ 
tion cannot be the main force acting. The author investigates the types 
of force which can produce steady motion in which each particle moves 
along the spiral arm, and finds, that in the nebula? measured, n 2 varies 
as ft, and that there must be radial and tangential forces, both at work 
in addition to a gravitational force arising from the central nucleus ; the 
resultant force being inclined at a small angle to the normal to the path. 
The new force appears to depend on the direction of the motion of the 
particle upon which it acts, suggesting that the specification of the force 
depends on the motion as well as the position of the particle, as it docs 
in the case of electromagnetic forces. The general effect of the force is 
that the particle revolves about the nebula with the angular velocity of 
the nucleus itself, and therefore moves as if repelled from the nucleus, 
describing an orbit of ever-increasing radius, with ever-increasing 
velocity. The author concludes that this new force is insignificant in 
the solar system, but if operative within nebular nuclei, might account for 
the settling down of these to a uniform rotation within a reasonable 
time. A. S. D. M. 

805. Motions, Parallaxes, and Luminosities of Long-Period Variables 

and other Stars of Late Spectral Tvt>es. R. E. Wilson. (Astron. J. 35. 
pp. 125-132, Nov. 20. 1923.)-In [Abstract 2128 (19231] Astronomical 
Journal. 1923. the author published proper-motions of red Me and Md 
stars; now in a table he gives 80 Ma and Mb stars. From these two 
lists he omits all having proper-motions in excess of 20 ' per century, and 
from the 300 stars of late type left, he obtains a mean parallax of 0" • 00398 ; 
a mean apparent magnitude at maximum of 7-3 and a mean absolute 
magnitude of -F 0-3. showing that the added material produces no 
essential change in the tendencies of the stars. He proceeds, therefore, 
by the same methods to find the mean parallax of the other stars. But 
he urges caution in estimating the mean parallax from poorly determined 
proper-motions, and he finds that the weighted logarithmic mean of all 
•the proper-motions, gives on the whole the best result for the mean ft. 
If proper-motions with probable errors O'-010 or ^ O'-015 are used, 
the mean fi derived from them should be decreased 10 % and 20 % 
respectively in order to represent the true mean proper-motion. The 
mean absolute magnitudes arc computed from M = m + 5 + 5 log n 
= 12 • 5 + 5 log rr. It is noted that stars whose light is variable, sometimes 
through a large range, yet have a very small range of mean absolute 
magnitude; these are. giants, and it is therefore indicated for giants that 
the mean luminosity ranges little from Fs5 to S. But R and N stars 
[which are not usually variable! are definitely more luminous, and in 
N stars there is great range of luminosity. Another table gives the 
individual parallaxes derived for 139 stars of class M and later types, and 
these are in fair agreement with spectroscopic and trigonometrical paral¬ 
laxes, as regards stars fainter than magnitude 2-0. A. S. D. M. 

806. Proper-Motions of Stars in Zone, — 9° 60' to — 14° 10'. W. J. 
Luyten. (Harvard Coll. Obs. Annals, 85. No. 2. pp. 35-44, 1923.)— 
The quantity H = m + 5 -f 5 log [X, has been computed for stars of 
known spectra, and frequency curves of H have been compared for those 

VOL. xxvii.—a.—1924. 



276 


SCIENCE ABSTRACTS. 


in Boss’s Catalogue with those in the Catalogues of Greenwich 1910, 
Harvard Annals 81. No. 1. and Cape Astrographic Standard Stars, 
indicating that the stars of F 0 -Fg differ from those of other spectral 
classes. The author considers seven possible sources of error, and concludes 
that the proper motions in the three zone catalogues, are systematically 
too large, and that the apparently fainter stars probably move faster than 
the apparently brighter stars. A. S. D. M. 

807. Variable Stars and the Velocity of Light. M. la Rosa. (Accad. 
Lincei, Atti, 32. ii. pp. 117-121. Sept., 1923.)—Amplification and supple- 
ment to previous paper [Abstract 54 (1924)]. A. D. 


808. Light Curves of the Two Abnormal Variables T and R Corona 
Borealis. L. Campbell and H. Shapley. (Harvard Coll. Obs. Circ. 
No. 247. pp. 1-4, 1923.)—These two stars, one a peculiar nova and the 
other a peculiar variable, are situated within a few degrees of one another 
in a high galactic latitude, and in this they differ from all other nova; 
(except those in spiral nebulae) and all other variables of similar spectral 
type. The light-curve of T Corona; has been derived from about 1700 
observations made between 1866 and 1923, and shows, after the sudden 
rise from 9th to 2nd magnitude in 1866, an unusually rapid decline of 
six magnitudes in twelve days, followed by a period of almost stationary 
brightness during the last fifty years : the star, which appears to be now 
a giant of M type, has some peculiarities of detail in its spectrum. The 
light-curve of R Corona;, based on about 15,000 observations from 1783 
to 1923, is entirely irregular in period, but shows a remarkable approach 
to uniformity in brightness at its maxima : it is a giant of F or G type, 
with a peculiar and variable spectrum. It is suggested that the two stars 
may be at the same distance from the earth, in a region of space where 
some special condition causes abnormal variation. If this distance be 
assumed as about 800 parsecs, which would give plausible absolute magni¬ 
tudes to each, their distance from one another is about fifty parsecs. 
Their proper motions arc very small. M. A. E. 

809. Revised Magnitudes and Colour Indices of the Planets. E. S. 

King. (Harvard Coll. Obs., Annals. 85. 4. pp. 63-71, 1923.) 


810. Relation between Visual Star Colours and Spectral Classes. 
W. S. Franks. (Roy. Astron. Soc.. M.N. 84. pp. 20-22. Nov., 1923.)— 
A table giving in condensed form the analysis of 5793 stars so as to 
determine the mean colour equivalent of all classes of stellar spectra, 
from O a to N e . The material is derived from the Specola Vaticana, 15. 
and the Draper Catalogue. A short description is also given of the 
peculiarities and colours of the various types. Of the O stars the mo* 
singular feature is that many are arranged in pairs of similar magnitude 
and spectral class within about 1° or so apart; the N c class are the 
reddest of *' red ” stars, though there is no such thing as a pure red 
stellar tints. The M* stars are excluded from the analysis. A. S. D. M. 


811. Intensity-Distribution in Spectra as a Function of Spectral TyP* 
and Absolute Magnitude. B. Lindblad. (Roy. Astron. Soc., M.N. 8 
pp. 503-510, Oct., 1923.)—The author first explains what has been 
misunderstood by Lundmark and Luyten in his previous papers 
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[Abstracts 451 and 1085 (1923)]. For later type stars, the effective 
wave-length depends on the marked contrast in intensity between the 
two parts of the photographic spectrum separated by the G-band, and 
the increase in contrast is more rapid with the type than is allowed 
for by change of temperature in Planck’s law. The author, therefore, 
forms a local colour-equivalent by comparing the exposure-ratios of 
A4227 — G with G — A4383 and for the cyanogen regions by the exposure- 
ratios between A4144-4184 A. and A4227-4272 A. He terms these two 
exposure-ratios " G " and " C " respectively, and a comparison between 
A* 0 . and A m j„ ought to bear analogy with the comparison of " G ” and 
" C.” The analogy between “ G " and Ais nearly perfect for types 
later than F 0 , and there is a remarkable rate of change of the exposure- 
ratio with spectral type. The author suggests that the " photosphcric ” 
radiation of the sun has a sharp peak near G with an abrupt fall towards 
the shorter wave-lengths, so that for types a little later than the sun, 
this abrupt fall forms a complete break exactly at the G-band, and 
increases rapidly with decreasing effective temperature. Four diagrams 
are given, of which the last presents a spectro-photometric discrimination 
between " giants " and " dwarfs" for proper motion stars in Zone 
R.A. 21 h. 50m. to Oh. 10m., Dec. 72° to 78°. the " dwarfs " and " giants" 
of types G 0 — K 2 being treated separately. A. S. D. M. 

812. Relationship between Absolute Magnitude and Spectral Class, 

Derived from Observation of Double Stars. K. Lundmark and W. J. 
Luyten. (Astron. J. 35. pp. 93-95. Sept. 21, 1923.)—By assuming a 
relationship between difference of magnitude and difference of spectral 
type, the authors find that they can arrange 500 physically associated 
pairs of stars, whose spectra are known, in two curves corresponding to 
"giants" and "dwarfs." Of four of these double stars—a Centauri, 
a Auriga*. £ Urs. Maj., and 0 Tauri—the absolute magnitudes are already 
known, and thus a correction can be applied to the absolute magnitudes 
assumed for each spectral class. A diagram gives the resulting relation¬ 
ship which is very close to that given by trigonometrical parallaxes, as 
far as the "dwarf" branch is concerned. A. S. D. M. 

813. H and K Lines of Calcium in O-Type Stars. J. S. Plaskett. 
(Roy. Astron. Soc., M.N. 84. pp. 80-93. Dec., 1923.)—R. K. Young has 
shown that stationary H and K lines are not seen lower in the spectral 
sequence than B3 ; Fowler and Milne, that stellar H and K should disappear 
about B0. But stationary H and K. and D lines appear in all absorption 
O-types, whether binaries or not. and in Wolf-Rayet stars (emission 
O-types), and the velocity obtained from these is generally constant, and 
differs from those given by the other lines. A table is given of the H and 
K radial velocities, grouped first as to the positions of.the stars in the 
sky. and next with respect to the differences in these velocities. Two 
hypotheses of their origin are discussed : (a) Of an interstellar vapour 
cloud between earth and star, and (6) of an enveloping cloud outside the 
normal stellar atmosphere. Since the H and lines are sharp, and 
superposed, in some cases, on a continuous spectrum showing no other 
absorption lines, and are also found in the spectrum of a planetary nebula, 
and in some stages of development of the spectra of Novx, a common 
origin must be assumed that is independent of the conditions prevailing 
in these various stellar types. The matter giving the sharp H and K, 
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and D absorption lines must be distributed over wide areas in the sky, 
and not necessarily close to the Galaxy ; it must also be nearly stationary 
with respect to the local stellar system : and very tenuous. H. H. Plaskett 
suggests that it is near to or envelops the stars generally, but is ionised 
by the radiation from the very high temperature stars only. Hubble has 
shown that O- and early B-type stars are near to, or in nebulosity, whose 
luminosity is excited by these stars, so that the calcium and sodium 
absorption may be similarly produced. Saha has also suggested that the 
stationary calcium may have been emitted by the stars themselves, but 
his suggestion would not explain sodium absorption. The author points 
out that the lines appearing are the first lines of the principal series of 
an alkali metal and an alkaline earth metal, and suggests lines to look for, 
which belong to other alkali metals or alkaline earths. A. S. P. M. 

814. Spectral Class. Apparent Magnitude and Galactic Positions of 
Stars of Henry Draper Catalogue. H. Shapley. (Harvard Coll. Obs., 
Circ. No. 248. pp. 1-10, 102:1.)— The positions of selected fields of one 
hundred square degrees outside the Galaxy arc given, and a table showing 
the number of stars in each field for each spectral class and for different 
galactic longitudes and latitudes. The latter is summarised in a further 
table which shows that the concentration to the galactic plane is not 
uniform in all galactic longitudes. The author also gives in tabular form 
and in a figure the concentration of stars towards the galactic circle for 
all stars down to 8-25 mag., and for stars between 7-0 and 8-25, showing : 
(a) That A and K stars predominate especially in the Milky Way ; [b) that 
there is little or no concentration of F and G stars ; ( c ) that there is either 
discontinuity in spectral series or some important selection between 
types I38-A3 and A5-F2 ; (d) that stars arc uniformly dense (except A 
stars) between 45° and 90° in both galactic hemispheres; and (e) that 
F, G, and M stars are slightly denser at the poles than at latitudes 60° 
and 75°, this feature being also conspicuous for K stars in the southern 
galactic hemisphere. The F and G stars in the catalogue are dwarfs as 
a general rule, the other classes are giants. The volume, in which are the 
B stars, is about 2000 times that of the G stars, which is roughly a million 
cubic parsecs; it is found that the relative frequency in space of G and 
B stars is about 2000 to 1. The distant Milky Way regions are represented 
chiefly by the giant stars. A. S. D. M. 


vol. xxvii.—a.—1924. 



LIGHT. 


279 


LIGHT. 

815. Diffraction at the Edge of a Black Screen. E. Maey. (Ann. d. 

Physik, 73. 1-2. pp. 16-20, Dec., 1923.)—Remarks on the previously 
published work by F. Ivottler on this subject (see Abstract 1547 (1923)] 
which the author considers to mark a considerable advance in the treat¬ 
ment of the general problem. J. W. T. VV. 

816. Practical Calculation of Lenses. P. Martinez. (Riv. Ottica c 

Meccan. 2. pp. 36-51, July, 1923.)—A treatment, mainly mathematical of 
the method of calculating a cemented doublet free from spherical aber¬ 
ration. * * J. W. T. VV. 

817. Simple Method of Studying the Performance of Optical Systems. 

V. Ronchi. (Riv. Ottica e Meccan. 2. pp. 9-35, July, 1923.)—Describes 
a means for studying an optical system by the use of an object consisting 
of a fine network of lines. An image of this network, formed by the optical 
system under examination, is brought into coincidence with a second 
similar network, and from the appearance of the combination of this 
second object with the image of the first object the defects of the optical 
system may be detected. Photographs of the results obtained in certain 
practical cases are shown as examples in the paper. J. VV. T. VV. 

818. Scattering of Light by Carbon Dioxide. Nitrous Oxide and Some 

Organic Vapours. A. L. Narayan. (Phys. Soc., Proc. 36. pp. 32-36, 
Dec., 1923.)—Lord Rayleigh has shown that the light scattered laterally 
by the molecules of gases is not completely polarised but contains a com¬ 
ponent polarised at right angles to the direction which is predicted by 
theory for a spherical molecule. In the experiments described in this 
paper sunlight was used for illuminating gases and vapours which were 
enclosed in a jointless tube. The strengths of the components were com¬ 
pared both by direct photometry and by photometric comparison of their 
effects on a photographic plate. Lord Rayleigh’s results were confirmed, 
particularly in the case of C0 2 and N a O. It is suggested that the difference 
in the scattering power of these two gases is contrary to the prediction of 
the Lewis-Langrauir theory of the atom. J- J - S. 

819. Twilight Sight with Telescopes. K. Kriiger and J. Zenneck. 

(Ann. d. Physik, 72. 3-4. pp. 242-248, Jan., 1924.)—Traces the improved 
vision in part to an involuntary adjustment of the telescope so as to bring 
the image into a position in which the effects of astigmatism (always more 
or less present) are minimised. In bright daylight this result is masked 
by the constriction of the iris. A. D. 

820. Fatigue Oscillations in Different Regions of the Spectrum. E. 
Haas. (Comptes Rendus, 176. pp. 1831-1833, June 18, 1923.)—Broca 
and Sulzer have already investigated this effect, determined by the compari¬ 
son of a surface steadily illuminated with one subjected to intermittent 
light, for white, red, green, and blue. The author repeats these observations 
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for pure spectrum colours, and arrives at the conclusion that the effect 
is in inverse proportion to the luminous efficiency, being a maximum in 
the blue and a minimum in the green. But the relation apparently breaks 
down in the case of red light, and the author attributes this to the fact 
that personal errors in this region of the spectrum are usually pronounced. 
Thus Broca has found that when one attempts to compare photometrically 
the brightness of a red surface with that of some other colour results may 
vary in the ratio 4:1. The author’s experiments with pure spectrum 
colours confirm the view that apparent variation in brightness due to short 
excitations is accompanied by alteration of hue. The degree of change 
depends upon the period of excitation. J. S. D. 

821. Resonance Theory of Colour Vision. F. Aigner. (Akad. Wiss. 

Wien. Ber. 131. 2a. No. 4-5. pp. 299-320. 1922.)—On investigation of the 
resonance curves a result is reached in which the complementary colours 
of the fundamental sensations play a remarkable role. The red curve 
attains its resonance maximum for the wave-length A = 577 fifi ; the 
resonance position lies therefore in the blue complement and so in the pure 
yellow. Its logarithmic decrement has the approximate value 8, «= 0-704. 
The green curve possesses with a logarithmic decrement of 8 g = 0-528 its 
middle vibration maximum in the field of constant intensity distribution 
at A = 550 fifi, thus in the ordinate maximum of the cone curve. The 
most interesting result puts the blue curve in a balanced condition. It 
possesses two almost equally high maxima, one at wave-length A = 550/x/x, 
so in the maximum sensitiveness of the cone curve, the other at A = 440 /x/x, 
and symmetrically between at A = 4 495/x/x and so in the red complement 
a pronounced minimum. These peculiarities of the blue curve can on 
the vibration theory be expressed as a coupling of two damped reso¬ 
nators originally tuned to the same pitch. The disagreement of the un¬ 
coupled resonators falls then on the abscissa value of the ordinate minimum, 
so at A * 496 /x/x; there are thus the two uncoupled blue resonators in 
disagreement on the red complement. A further careful experimental 
investigation of the whole subject is recommended. J- J- s * 

822. The Oslwald Double-Colour Cotie. O. Meissner. (Zeits. f. 

Physik, 21. 1. pp. 68-72. 1924.)—According to Ostwald, every colour may 
be defined by 3 characteristics, viz., the colour tone c (in the scale of 
100 divisions, 0 = yellow, 25 = red. 50 = blue, etc.), the white content w 
and the black content s, from which the purity r, as a dependent variable 
is derived, where r == 100 — (a; + s). The grey content is w/{w + s). 
All derivatives of a definite pure colour form a colour triangle, and by its 
rotation about the grey axis there arises a double cone, the properties of 
which are mathematically described and by it the characteristics of a 
mixed colour determined from its components. It is shown that the purity 
of a composite colour is always lower than the arithmetic mean of the 
purities of the separate shades. An example is given for forming grey out 
of 3 colours. The paper is an interesting application of elementary 
mathematics to colour technology. H. H. Ho. 

823. Is Radiation One-Sided ? G. Joos. (Phys. Zeits. 24. pp. 469-472 ; 
Disc., 472-473, Nov. 1-16, 1923. Paper read before the Deut. Physikertag., 
Bonn, Sept., 1923.)—The Hertz solutions indicate symmetrical effects, 
so that the radiating atom would suffer no recoil ; quantum emission would 
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involve recoil. Experiments indicate the latter. Luminous phenomena, 
due to even a very small number of quanta, obey the laws of geometrical 
optics. A . D. 

824. Visibility of Radiant Energy. K. S. Gibson and E. P.T. Tyndall. 
(Bureau of Standards. Sci. Papers No. 475. pp. 131-191, 1923.)—By the 
visibility of radiant energy is meant the ratio of luminosity to radiant 
power at the various wave-lengths in the spectrum. The American Bureau 
of Standards, in co-operation with the Nela Research Laboratories, has 
made a new determination of the visibility of radiant energy by the step- 
by-step method, an equality-of-brightness method with little or no hue 
difference in the two parts of the photometric field. Between 490 and 
G80 m/x inclusive, measurements were made upon 52 observers, some of 
them common to previous investigations. For 38 of these observers, 
measurements were continued to include 430 and 740 m/x. Energy values 
were based upon radiometric and spectrophotometric measurements made 
at the bureau, checked by an independent colour temperature measure¬ 
ment at the Nela Research Laboratories. Luminosity values were 
obtained with a Brace spectrophotometer. The step was made by moving 
the collimator slit. The ratios of luminosities were measured with a 
Brodhun variable sector. The photometric field was the divided circle 
type subtending an angle of 3°. Brightnesses were safely above the 
Purkinje region, except perhaps at the ends of the spectrum. Detailed 
comparisons arc made between the individual and average results of this 
investigation and those of previous investigations. There is no certain 
difference between the average values of visibility obtained by the flicker 
and equality-of-brightness methods provided the former is used under 
the experimental conditions recommended by Ives and the latter does 
n6t depart too widely from these conditions. A revision of the I.E.S. 
mean curve is proposed, which results in better agreement with the average 
experimental visibility data, and still gives the same wave-length centre 
of gravity for light of a colour temperature of 2077° K., as is given by 
Ives' physical photometer solution. It is considered that the step-by¬ 
step method of measuring visibility is a reliable method, with a precision 
coinparable with that of the flicker method, and much superior to the 
timple equality-of-brightness method involving large hue differences. 
[See also Am. Ilium. Eng. Soc., Trans. 19. pp. 176-193, Feb., 1924.] J. J. S. 

; 825. The Polarimeter and its Practical Applications. C. A. Skinner. 

{Frank. Inst., J. 196. pp. 721-750. Dec., 1923.)—A review of some funda¬ 
mental facts concerning polarised light is first given. The devices which 
serve as the polarisation elements of all instruments are then described, 
followed by a description of half-shade azimuth polarimeters. elliptic 
polarimeters. Tool’s general polarimeter, and a universal polarimeter 
designed at the Bureau of Standards. The practical applications of polari¬ 
meters to saccharimetry, photometry, colorimetry, pyrometry, determina¬ 
tion of the optical constants of absorbing media, mechanical stress analysis, 
and testing of the optical homogeneity of glass are briefly described.^ ^ 

• 826. Rotatory Dispersion Method of Colorimetry and Hcterochromatic 
Photometry. 1. G. Priest. (Am. Ilium. Eng. Soc., Trans. 18. pp. 861-864 ; 
Oise., 864-868, Nov., 1923. Abstract.)—A general account of the prin- 
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ciples and method of use of the rotatory dispersion photometer previously 
described [see Abstract 1127 (1922)]. The instrument is proposed as a 
solution of the visual photometry and colorimetry of all illuminants 
which give approximately black body oi grey body radiation. 

J. W. T. W. 


827. On Some Theories of Natural Rotatory Polarisation. H. Chipart. 
(Comptes Rendus. 177. pp. 1213-1215. Dec. 3. 1923.)—The experimental 
results of Longchambon upon the rotatory power of biaxial crystals have 
necessitated a return to the study of the propagation of light in media 
destitute of a centre of symmetry. Accordingly a discussion of Mac- 
Cullagh’s work is first given, with many historical references, following 
which a comparison is made with the theories of Sarrau and Boussinesq. 
It is concluded that Boussinesq's equations should be adopted in preference 
to those of Sarrau and in conformity with the views of Green and Mac- 
Cullagh the dielectric polarisation P is postulated as a linear vectorial 

function of E. from which the equation is derived : 
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H. H. Ho. 


828. Dispersion of Double Refraction in Crystals. C. Gaudefroy. 
(Comptes Rendus. 177. pp. 1046-1048, Nov. 19. 1923.)—If a crystalline 
section illuminated by white light is arranged between crossed mcols so 
that the incident bundle is normal to the face of incidence, there will be 
seen at the face of emergence a chromatic scale which in general is near 
that of Newton. But this is not always the case. On comparing actual 
scales with that of Newton it is observed : (1) The total extension of the 
chromatic scales, that is, the number of orders covered by the tints from 
the edge up to the white of superior order, is variable. Certain scales 
arc restricted, or shorter than that of Newton, others are more extended 
than usual. (2) The region of bright tints, which extends from the orange 
of the first order to the green of the third in Newton's scale, commences 
and ends nearer the edge in the restricted scales, farther from it in the 
extended ones. (3) The most extended scales show in the first orders 
fringes alternately white and dark almost achromatic, and in the last 
distinct orders fringes of complementary tints. Ammoniacal carbonate 
of silver shows more than 35 distinct orders with white light. (4) Calling 
direct the series of colours of the spectrum when the wave-length increases, 
most chromatic scales exhibit, like that of Newton, the direct series, but 
there are scales which exhibit the inverse series. To assimilate a tint of 
an inverse series to an analogous tint on Newton’s scale would lead to errors 
in the optical sign, since the series of tints called rising in Newtons 
scale is descending in the other. 

These observations can be foreseen by a general study of the dispersion 
of double refractivity. If it is agreed that the white of higher order appears 
on different sections at points where the same number of radiations arc 
extinguished in the emergent bundle, the relative extension, e, of a 
scale may be calculated, that is the ratio of its extension to that of Newton s 
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scale, by the equation c = 1/A,(<J>,') where A, is the geometric mean 
between, the extreme red and violet wave-lengths. A j = and 

= (*i — # w 2 )/(«i — n*) —1/A., n, — w 2 being the double refractivity 
and n r - m 2 its derivative. <J>, is the particular value that <J>' takes in 
the neighbourhood of wave-length A, the middle yellow. This expression 
c of the extension is only approximate, and is only legitimate when <J>' 
does not pass through the values zero or infinity. By this formula is 
found for quartz € = 0-90 ; for calcite e = 0-83. J. J . S. 

829. Variations of the Dispersion of Double Refraction in the Same 
Crystal. C. Gaudefroy. (Comptes Rendus. 177. pp. 1227-1229. Dec. 3, 
1923.)—The object of this note is to show that sections cut in the same 
crystal along different orientations do not give in general the same chro¬ 
matic scale [see preceding Abstract] when they are illuminated with parallel 
light between crossed nicols. This can be observed by an approximate 
method by causing a section placed between crossed nicols to turn around 
any straight line, then successive different scales are seen which resemble 
approximately those which would be observed with sections cut along 
different orientations and correctly placed, that is in such a manner 
that the normal ON to the face of entrance of the light is parallel to the 
incident rays. Another approximate method is the examination of certain 
peculiarities in the coloured rings observed in convergent light on a plate 
with parallel faces. These properties can be foreseen by calculation of 
the variations of the function <|>' = (n[ - - « 2 )_]/A with the 

direction ON normal to the refracted waves. Thus it may be shown that 
in a uniaxial crystal the function (J)' remains constant when the direction 
ON varies ; consequently the scale there remains invariable. In a biaxial 
crystal the function cj)' relative to a given wave-length passes through all 
values from — oo to + oo : consequently the scales pass through all the 
extensions possible. If a radius vector equal to fl>' is placed along ON 
the locus of the extremities is a surface such that: (1) Each definite 
value c of the function <I>' is represented by a curve C which passes 
through the four poles of the optic axes A.C.I. (axes of internal conical 
refraction) in forming two or four closed rings. In particular a curve 
<b, = c, relative to the wave-length of the middle yellow, is the locus of the 
directions ON corresponding to scales of the same extension. (2) If ON 
starting from the direction of an optic axis turns round an octant defined 
by n v 

n m< Up, ON traverses curves <I>y = c, where c increases (or 
decreases) continuously from — eo to a>. Consequently the corre¬ 
sponding scales vary from the most restricted direct scales to the most 
restricted inverse ones, passing through a scale almost achromatic. The 
most remarkable curves are cj)y = — 1/Ay, which corresponds to an ex¬ 
tension equal to Newton’s scale ; and <pj = 0. which corresponds to scales 
almost achromatic. To the optical properties which serve to characterise 
crystalline species may be added : the position of the rings nearly achro¬ 
matic, and of their intersection with the principal optic planes ; the 
extensions of the three principal chromatic scales ; and the three values 
of (by relative to the three principal optic planes. Erratum (Ibid., p. 1462, 
Dec. 26, 1923). J. J. S. 

830. Grossed Michelson Gratings. Rita Brunetti. (Accad. Lincei, 
Atti, 32. ii. pp. 286-289, Nov. 10, 1923.)—Note, practical and mathe- 
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matical, on the use of crossed Michelson gratings to discriminate the order 
of a secondary radiation. The law of distribution of interference-images 
is then not the same as the law of dispersion of radiations in their spectrum. 

A. D. 

831. Behaviour of Silver Bromide to Rays of Short Wave-Length. T. 
Thome-Baker. (Faraday Soc.. Trans. 19. pp. 335-339, Nov., 1923.)— 
The photographic method of recording is used so largely and on such an 
increasing scale in various types of physical measurement, that the 
peculiarity of the sensitive plate deserves some attention. The object of 
this paper is not so much to deal with particular facts as to emphasise 
this need. Experiments in the Imperial Co.'s laboratory have shown that 
an emulsion made of pure silver bromide, prepared throughout with 
distilled water and made with ashless gelatin, possesses a sensitiveness 
which extends less toward both the extreme ultra-violet and the visible 
blue than a similar emulsion made under ordinary' conditions and containing 
silver iodide. As the result of experiments still in progress, it would appear 
that by using monochromatic X-rays (or more correctly a single line filtered 
from an X-ray spectrum), there can be obtained a real method of sensito- 
mctrically testing an X-ray plate, or alternately of employing a photo¬ 
graphic method of measuring X-ray dosage in medical therapy. A. E. G. 

832. Studies in Solarisation. H. Scheffers. (Zeits. f. Physik. 20. 2. 
pp. 109 128, 1923.)-—Exposure of a series of photographic plates to pro¬ 
gressively brighter illumination shows a change in darkening which may 
be expressed by a curve. This curve at first rises steeply, then becomes 
almost fiat, finally descends ; and the descent represents what is known 
as solarisation or reversal. Various attempts have been made to explain 
this phenomenon, but all can be shown to be unsuccessful. A solution is 
now offered, following the demonstration by Eggert and Noddack that 
the quantum theory and Einstein's law of equivalents apply to photo¬ 
graphic plates. 

A number of experiments are described which prove that solarisation 
does not depend upon the kind of light, or plate, or developer used ; but 
that it can be delayed in various ways, by diluting the developer, or 
bathing the plates after exposure in very dilute fixing salts, or treating 
them with saltpetre ; and it can be hastened by warming the plates during 
or after exposure, or by adding colloidal silver to the silver bromide when 
preparing them. A quantitative determination of the darkening-curve 
was obtained by exposing a number of plates to progressively brighter 
illumination, after which they were developed and fixed, and the differences 
were computed by: (1) Estimating the density of each, (2) removing 
and measuring the amount of silver on each, and (3) counting under 
the microscope the number of silver grains per square centimetre on each. 
The result shows that with increased darkening the density and the amount 
of silver both increase in the same proportion, until the point of solarisation, 
when both fall off equally ; but that the number of silver grains, which 
also increases up to the point of solarisation, remains nearly constant 
after this. The grains must therefore be smaller on the solarised plates, 
and this is apparent also under the microscope, a large number being small 
and grey instead of large, black, and fully developed. The conclusion 
reached is that solarisation is a problem of development. The amount 
of silver in the latent image increases in proportion to the intensity of 
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the light, one atom of Ag being formed to each quantum ; and these atoms 
act as catalysers in the process of development of the plates. Hut in 
the solarised grains, which contain a very large number of silver atoms, 
these coagulate through their mutual attractions, hence the active surface 
of the silver is diminished, its catalysing effect is lessened, and development 
is hindered. 

Ihis theory explains all the results of the experiments, and makes 
clear why solarisation is hindered by peptonising agents and hastened by 
coagulating agents. M. A. E. 

833. Statistical Equilibrium in Relation to the Photoelectric Effect, and 
its Application to the Determination of Absorption Coefficients. E. A. 
Milne. (Phil. Mag. 47. pp. 209-241. Jan.. 1924.)—This paper is concerned 
with the evaluation of the absolute values of optical absorption coefficients, 
the word " optical " being understood- in reference to the outer levels of 
an atom, though for highly ionised atoms the corresponding frequencies 
may lie in the X-ray region. The absolute values of monochromatic 
optical absorption coefficients for neutral or once-ionised atoms appear 
to be of the order of magnitude of 10°, but little is known concerning 
them either experimentally or theoretically. A method of calculating 
them, however, has been furnished by Einstein's discussion of the thermo¬ 
dynamic equilibrium subsisting between a gas and black radiation in an 
enclosure. This provides a relation between the absorption coefficient 
and the mean time of occupancy of an outer orbit, the order of magnitude 
of which is known experimentally. It is shown, however, that the relation 
involves the unknown theoretical width of the " monochromatic " line, 
and is therefore not available for precise estimates although providing 
confirmation of the order of magnitude of the absorption coefficients. 
Einstein’s method can be applied to any condition of equilibrium to 
determine a relation between the reaction-velocities of the opposing pro¬ 
cesses. and it is now so applied to obtain the relation between photo¬ 
electric ionisation and the probability of electron-capture by an ion 
considering the equilibrium subsisting between atoms, ions, electrons,* 
and radiation in an enclosure. For strict thermodynamic equilibrium 
it is found necessary to assume that electron-capture can be stimulated 
by external radiation. The relation found evaluates the absorption 
coefficient for the region of continuous absorption lying on the high- 
frequency side of the limit of an optical series, in terms of the capture- 
probability function. It is shown that for small speeds the probability 
of capture must vary inversely as the square of the velocity, and, in so 
far as this holds exactly, the absorption coefficient beyond the series limit 
will vary as the inverse square of the frequency. The capture law used 
by Eddington for the interior of a star, where the mean absorption coeffi¬ 
cient is of the order of 40 and the frequencies are in the X-ray region 
is an inverse square law. Applied to hydrogen, calcium, and mercury 
by means of the formulae obtained in the paper, it furnishes absorption 
coefficients in the optical region for the continuous spectrum beyond a 
series limit which are in agreement with the estimates given in the mono¬ 
chromatic absorption coefficients. This gives some confirmation of the: 
inverse square law over a considerable range of velocities ; it may be 
considered as linking up the physics of the interior of a star, the physics 
of stellar atmospheres, and the physics of the atom. The mean life of: 
a hydrogen atom in the 2-quantum state, under the conditions of a typical . 
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stellar atmosphere, is shown to be about 10- 8 sec., as limited by the process 
of photoelectric ionisation. The mean absorption coefficient for a highly 
ionised gas at high temperatures has been determined, and differs from 
the value from Eddington’s formula by a factor depending on the relevant 
ionisation potentials. The order of magnitude of these has been deter¬ 
mined as a function of pressure and temperature, and it is shown that 
under typical conditions in the interior of a star, atoms of ion will have 
lost their L-electrons but will mostly retain their two K-electrons. The 
validity of the method and of the resulting formula; is shown to be entirely 
independent of the extent to which ionisation occurs by collision. 

H. H. Ho. 

834. Topochemistry of Development and Sensitising Nuclei. S. E. 
Sheppard, E. P. Wightman, and A. P. H. Trivelli. (Eastman Kodak 
Co. Research Lab. Comm. No. 190. Frank. Inst.. J. 196. pp. 653-673, 
Nov., and pp. 779-802, Dec., 1923.)—The term “ topochemistry" in • 
reference to the silver halide grains of photographic emulsions, embraces 
effects which can be related to the position of a component in the grain, 
and refers principally to distinctions between effects on the outside (surface) 
and the inside of the grain. While many workers have made use of 

" topochemical " considerations in dealing with the photographic emulsion, 
it is Liippo-Cramer who has made the most numerous, as also the most 
varied and ingenious, applications of this conception. In the first of these 
two papers the following points are dealt with : Effect of iodide and nucleus 
exposure ; the Lainer effect, i.e. acceleration of development for certain 
developers ; nucleus exposure and oxidising treatments ; fogging action 
of potassium iodide baths ; potassium iodide treatment and the regenera¬ 
tion of latent image; the retention of chromic acid and chromium salts 
by gelatino-silver bromide emulsion, eg. absorption of Cr0 3 to precipi¬ 
tated AgBr, retention of Cr0 3 by gelatin, possible effects of Cr0 3 on the 
AgBr emulsion and the treatment used practically for removal of Cr0 3 ; 
destruction of sensitivity and regeneration. A table is given showing 
the action of Cr0 3 and KI on the latent image in a Graflcx plate, exposed 
20 secs, to standard light, developed 4 mins. In the second paper destruc¬ 
tion and regeneration of latent image and the effect of KI is treated in 
two sections: (1) Physical development before fixation and chemical 
development; (2) physical development after fixation. Tables showing 
the action of Cr0 3 and KI on the latent image, the action of persulphate 
on latent image and sensitivity are given. The continuity of sensitivity, 
the latent image, the solarised latent image, and the visible image are 
next considered ; then the influence of oxidisers on the sensitivity with 
one-grain layers is dealt with as follows : relation of Cr0 3 desensitising 
to size of grain ; densitometry ; action of chromic acid and iodide on one- 
grain layers. This section is illustrated graphically and tables of results 
are given. Photographic reproductions of seed Graflex plates before and 
after removal of Ag are given. This work is regarded by the authors as 
substantiating Liippo-Cramer’s " Keimblosslegung " theory so far as 
relatively strong iodide solutions are concerned, but consider that with 
the very dilute solutions adsorption effects are more important. A. E. G. 

835. Test of a Theory of Radiation. G. P. Thomson. (Roy. Soc., 
Proc. 104. pp. 115-120, Aug. 1, 1923.)— The author tests the hypothesis 
recently used by Silberstein [Abstract 2270 (1922)] who regarded the energy 
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of radiation as concentrated in a few rays, '* light darts." The author 
examines the light emitted by positive rays showing the Doppler effect. 
The light is made to pass through two slits so arranged that the emitting 
particle is, for only a short portion of its path, sending light through 
both slits. The time taken to traverse this portion of its path is made 
less than the time taken to emit a complete light dart. It is thus necessary 
to fix a lower limit to the length of light darts for the line used, H fl . " Since 
the various atoms emitting quanta in a source are in no necessary phase 
relation, interference can only occur over a path difference not greater 
than the length of the train of waves corresponding to the emission of a 
quantum, i.e. to the length of a light dart.” This length is calculated by 
using Gehrcke and Lau’s value for the observed half-width of the compo¬ 
nents of the line. It is found that the light received from the source 
shows the usual visual and photographic properties when the train of waves 
is shorter than that produced in the emission of a quantum of light. 

T. H. 

836. Molecular Spectra and Half-Quanta. E. F. Barker. (Astrophys. 

J. 58. pp. 20*1-207. Nov., 1923.)—Half-quantum numbers designating 
steady states of molecular rotation have been introduced in several recent 
discussions of band series. Only integral transitions are considered but 
the lowest steady state is assigned one half-quantum of angular momentum. 
This minimum may be due to the coupling between molecular and elec¬ 
tronic rotations. An effect analogous to the Stark effect for line spectra 
has been shown by Hettner to depend upon the proper choice of quantum 
numbers for the band series and is suggested as a criterion for distinguishing 
between integral and half-quantum values. The general modification of 
the spectrum is of the second order and cannot be observed, but assuming 
integral numbers one line should show a first order effect. An absorption 
cell containing HC1 between plates of platinised quartz 1 cm. apart was 
subjected to a field giving a spark across a gap of 8 mm. in air between 
1-inch balls. No change in the absorption spectrum was detected. The 
hypothesis of half-quanta is supported by this experiment. Other facts 
tending towards support are the single missing line at the band centre 
for HC1 and the position of the zero branch for CH 4 . J. J. S. 

837. Molecule-Structure and Absorption Spectra in Vapours. V. Henri. 
(Comptes Rendus, 177. pp. 1037-1040, Nov. 19. 1923.)—During absorption, 
the energy of a molecule is raised, say from E 0 to E', the active or sensitised 
or critical energy. If the absorption be by quanta, the frequency v is 
absorbed, where v = (E'—E 0 )/A. The activation of a molecule is effected : 

(а) by changing the movement of electrons, (6) by changing the movement 
of atoms or groups of atoms, or (c) by affecting or inducing molecular 
rotation. Under (a) the change is always by quanta ; the lowest amount 
is 334,000 ca per atom-gramme, so that A is less than 9500 A., and electronic 
absorption of energy is in the visible and the ultra-violet. Under (6), 
the change may be continuous or may be quantic as in hetcropolar mole¬ 
cules ; the bands are in the mean infra-red. Under (c) the change may be 
continuous or quantic ; if quantic, the bands are in the extreme infra-red. 
The combination of these three enables three types to be set up : (1) (a), 

(б) , and (c); (2) (a) and (b) only; (3) (a) only. Under the last of these 
the absorption spectrum consists of a number of broad bands, perfectly 
continuous; under (2), several groups, each group consisting of a number 
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of narrow bands, each perfectly continuous; under (1), several groups, 
each group consisting of one or more series of bands, each band breaking 
up into one or several series of fine lines very near one another. A. D. 

838. Intensity Measurements of Spectral Lines. J. K. Robertson. 

(Optical Soc. of America, J. and Rev. Sci. Inst. 7. pp. 983-995, Nov., 
1923.)—Accurate intensity measurements of spectral lines have been very 
limited in number. For the most part quantitative use of the permanent 
record given by a spectrogram has been adopted in two different ways : 
(1) By using the neutral-tinted glass wedge method of Merton and Nichol¬ 
son ; (2) by measuring the density of the photographic image, that is, 
the degree of blackening on the plate. The author gives an account of 
preliminary tests of the relative advantages of the two methods. The 
essential feature of the wedge method consists in the use of a wedge of 
neutral-tinted glass placed immediately before the slit of the spectrograph. 
In consequence the more intense a line the longer it is on the plate. The 
numbers found by this method give within a few per cent, the actual 
number of times the intensity has changed. Subjectively the method is 
admirable, and although photographic, is independent of the time of 
development, but errors may arise from a variety of causes. The essence 
of the second method consists : (1) In the measurement of the degree of 
blackening, or the density of the image of a spectral line on the original 
negative ; (2) in the use of an “ H " and 44 D 44 curve to obtain the intensity 
change corresponding to each blackening or density change. To measure 
densities use was made of the microphotomctcr described by Meggers 
and Foote. This method is only of use for densities which fall on the 
straight portion of an H and D curve, and even then there are certain 
disadvantages. On the other hand in the microphotometer method readings 
are taken direct from the original negative. Subjectively, however, the 
advantages seem all to be on the side of the wedge method. As it is 
desirable to eliminate the subjective element as far as possible, the wedge 
method on the whole seems preferable. J. J. S. 

839. Ionisation and Resonance Phenomena. C. B. Bazzoni. (Frank. 
Inst., J. 196. pp. 627-651, Nov., 1923.)—The present paper deals with 
certain subjects concerning the interaction of radiation and matter, 
but mainly with the interpretation of the theories of spectrum production 
and absorption. At the outset a brief summary is given of Bohr's theory 
of atomic structure and the mechanism of radiation. The formula? 
derived from Balmer's formula for exhibiting the relations of the lines 
in spectra are next considered. A discussion then follows of the methods 
found by which measurable quantities of energy can be imparted to atomic 
systems, viz. : (1) By striking the atoms with electrons which have fallen 
through a known difference of electrical potential and have therefore 
a known energy, and (2) by allowing radiant energy of known frequence, 
made up of quanta of known magnitude, to fall on the atoms. The former 
gives the most direct proof of the Bohr idea, and the one most free from 
theoretical elements. Next comes a brief consideration of methods involv¬ 
ing electronic impacts which have been used experimentally to determine 
these energy values. To study the results obtained with the devices 
described, attention is first devoted to mercury-vapour, then.to helium. 
The latter is treated at some length, and it is stated that impact investiga¬ 
tions have explained in a general way the optical series of helium and that * 
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unquestionably helium atoms possess above their fundamental orbits 
certain metastable states with different electronic configurations. The 
final topic considered is the stimulation of spectral lines by the absorption 
• of radiant energy, Fuchtbauer’s researches being very fully described. 
The paper is written in very clear and readable style and summarises 
concisely the present state of the subject. H. H. Ho. 

840. The Electrical Decomposition of Spectral Lines. A. Carrelli. 

(N. Cimento, 25. pp. 213-229, May-June, 1923.)—A review of recent 
theoretical and experimental work on this subject. It may be said that 
as the study of the Zeeman effect has been decisive for the electronic 
theory, so the study of the Stark effect may be regarded as essentially 
connected with the quantum theory. J. J. S. 

841. Relations between " Raies Ultitnes ” and Resonance Lines. F. 
Croze. (Comptes Rendus. 177. pp. 1285-1287, Dec. 10, 1923.)—The 
resonance lines of the emission spectrum of an element, the " raies ultimes,” 
and the characteristic absorption lines arc considered as identical by 
many writers. The author points out that this is not the case for elements 
possessing several series systems. Eg. in the spectra of elements of 
column II of the periodic table are a singlet system having a principal 
scries IS — »iP, and a triplet system having a principal series Is — tnpf 
(t — 1, 2, 3). In these elements, the resonance line is IS — 2 p 2 . corre¬ 
sponding to the passage of an electron from orbit 2 p 2 to orbit IS, the 
normal orbit. This is because in these elements, the orbit 2 p., is least 
above the IS in regard to energy level. But the " raie ultime,” which is 
here also the characteristic line in the absorption spectrum of the vapour, 
is IS — 2P, notwithstanding that the orbit 2P has a higher energy level 
than has 2 p 2 . It is generalised from this that the passage of an electron 
is easier between orbits whose terms belong to the same series system. 
This is confirmed by the work of Catalan and of Kiess on the spectra of 
Cr, Mo. and Mn. [See Abstracts 2170 (1923) and 272 (1924).] A. C. M. 

842. Determination of the Schwarzschild Constant. J. K. Robertson. 

(Optical Soc. of America, J. and Rev. Sci. Inst.7. pp. 996-998, Nov., 1923.)— 
As a result of an investigation on the way in which the density of a photo¬ 
graphic image varied with changing exposure, Schwarzschild enunciated 
the law that the product I/°' 8fl was constant. The author uses the 
Merton and Nicholson wedge method of measuring intensities of spectral 
lines to evaluate p the Schwarzschild blackening constant, and test the 
truth of the law. It is found that for the intensities used the Schwarz¬ 
schild value of p is not far out, and that an extended investigation of the 
possible variations in its value with the wave-length would be worth 
while by the method used. • J. J. S. 

843. Summary of Investigations in the Infra-Red Spectrum of Long 
Wave-Lengths. W. Weniger. (Optical Soc. of America, J. and Rev. 
Sci. Inst. 7. pp. 617-527, July, 1923.)—This paper is a brief summary 
of the methods employed and the results obtained by various workers 
before 1922 in the study of the spectral region included in the wave¬ 
length interval 50 p to 300 fi. Full tables are given (fcollected from the 
22 papers to which reference is made) of (1) the wave-lengths of residual 
rays from various susbtances, (2) the transmission of quartz ; the values 
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given are for unpolarised light uncorrected for reflection, (3) the trans¬ 
mission of radiation through various substances, uncorrected for reflection, 
(4) the transmission of black paper and lamp black, (5) the reflection 
factors for various substances, and (6) the reflection and transmission 
factors for a number of crystals mostly with polarised radiation. T. H. 

844. Method for Weak Absorption-Lines. W. Schiitz. (Phys. Zeits. 

24. pp. 459-460, Nov. 1-15, 1923.)—A method for observing weak 
absorption-lines in the vapour of metals, based upon rotation of the 
plane of polarisation by a magnetic field in the neighbourhood of a band. 
The absorption-band conies out as a bright band against a dark back¬ 
ground. Applicable to metallic vapours of extreme tenuity. A. D. 

845. The Ultra-Violet End of the Solar Spectrum. R. Dietzius. (Mete- 
orolog. Zeits. 40. pp. 297-301, Oct., 1923.)—A discussion of various 
researches on the absorption effect of ozone in the earth’s atmosphere. 

J.J.S. 

846. Fluorescence Spectra. Part I. Denzenoid Hydrocarbon Vapours. 
J. K. Marsh. (Chcm. Soc., J. 123. pp. 3315-3324, Dec., 1923.)—The 
fluorescence spectra of various benzene and similar hydrocarbon vapours 
have been photographed, stimulating the vapours contained in a small 
quartz cell with light from a Kromeyer mercury lamp. The outer sur¬ 
rounding vessel was blackened to avoid stray light, but traces of mercury 
lines are visible in the photographs, and blank exposures were taken in 
juxtaposition to allow for this. A heating element was employed to 
vaporise liquids of relatively high boiling-point. Observations were 
made at pressures of 12-15 mm., using a water-pump; the results arc 
regarded as qualitative only, owing to some of the governing factors 
being subject to uncontrollable variation ; e.g. the slit could not be re¬ 
garded as constant, owing to expansion of the jaws at different tempera¬ 
tures ; also a yellow film formed on the inside of the observation cell, and 
this film was very opaque to ultra-violet light; this necessitated frequent 
cleaning. 

Benzene, toluene, ethylbenzene, o-xylene, mesitylene, styrene, and 
phenylacetylene vapours were investigated. The spectrum is described 
for each substance ; they are more complicated than when observed in 
solution. A regular rise and fall in intensity may be traced throughout 
the series, which is attributed to the common possession of a benzene 
nucleus. Where they overlap, the vapour absorption and fluorescence 
bands are identical. A. C. M. 

847. Hydrogen Secondary Spectrum, and Note on the Continuous 
Spectrum. E. Gehrcke and E. Lau. (Preuss. Akad. Wiss. Berlin, 
Ber. 24. pp. 242-252, r923. From the Reichsanstalt.)—A hot kathode 
hydrogen tube was employed, using as kathode the incandescent spot 
of lime on a Wehnelt kathode. Under these circumstances the Fulcher 
bands were found to be intensified. The authors find that the red and 
green bands are intensified when slow kathode rays are used, contrary 
to the behaviour of the rest of the secondary spectrum as far as has been 
observed. The red, green, and blue bands are discussed in detail, with 
reference to the potentials required and the intensities of the lines in 
the bands. The remainder of the lines are then discussed. A symmetrical 
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group is found, AA5836-5760. with a "centre” at 5799- 2G. There is 
also a pair of groups, called ** X " and ** Y ” groups, which have a constant 
wave-length difference between corresponding numbers of the two groups. 
These are AA6090-6021 and AA6003-5932, with a wave-length difference 
of 88 A. approximately. 

In a brief note the conditions necessary to excite the continuous 
spectrum between AA3600 and 2300 are shown to be the same as for the 


secondary spectrum. 


The excitation of the bands is attributed to the direct action of 


" primary " electrons, or of " secondary ” electrons emitted by molecules 


of hydrogen. In any case, the authors' results show that the different 


lines of the bands are all excited by the same electron-velocity, or at 
any rate by electron-velocities lying within a narrow range. So it is to 
be concluded that a single line in one of the bands does not absorb all 
the energy of a particular electron, but that this quantity of energy is 
" shared out " among the lines. 

For small electron-velocities the primary spectrum is weakened, while 
the Fulcher bands are intensified, and vice versa. It is therefore con¬ 
cluded that when a colliding electron has sufficient energy it will split 
the molecule. When the energy of the colliding electron is insufficient, 
it will suffice merely to move the two protons apart a little, the mutual 
separation depending upon the energy. If the energy falls below 12 volts, 
then no such mutual displacement of the protons is possible. The 
remainder of the spectrum is attributed to carriers other than the normal 
atom and molecule ; positively and negatively charged molecules are 
suggested, and carriers such as H 8 . H 4 . As for the continuous spectrum, 
it is found by these investigators to occur under the same conditions as 
the Fulcher bands; this conflicts with astrophysical evidence, etc., if it 
is taken to be the same continuous spectrum as that associated usually 
with the Balmer series. 

It is therefore concluded that we have here to deal with a differently 
excited continuous spectrum. [See Abstract 906 (1923).] A. C. M. 


848. Absorption Spectra of Some Metallic Vapours. W. Grotrian. 
(Zeits. f. Physik, 18. 3-4. pp. 169-182, 1923.)—A continuation of earlier 
work, when thallium and indium vapours were studied [see Abstract 907 
(1928)]. The experimental arrangements were unaltered ; the observation 
tube was made of opaque quartz, with the exception of clear end-windows, 
which were fused on. The temperature was measured with a platinum- 
platinum-indium thermoelement; and the absorption spectra of different 
metallic vapours at differing temperatures were thus investigated. The 
spectrum of the light employed as source was continuous, down to about 

A2350. - j t 

‘ Copper .—Absorption of the first principal doublet AA3274 and 3247 
is observed above 1050° C. 

• Silver.-— AA3283, 3382 absorbed above 900° C. 

Gallium .—Absorption of subordinate series lines originating in the 
term 2 p 2 observed above 860°, and from the term 2pi above 900°. 

• Lead .—Absorption of A2833 started at 650°, and broadened as the 

temperature rose into a wide band. This is attributed to molecule- 
formation, and. the wide band is looked on as the absorption-band of 
the molecule. This line is identified in Thorsen’s series-system, qnd gives 
an ionisation potential of 7-38 volts for lead. ' 
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Zinc gives, above 1050° C.. absorption lines at AA3009-2, 2S63-4, and 
2706-6. 

Bismuth has a typical absorption-line A3067 visible above 650° C. At 
higher temperatures strong bands become visible, showing that bismuth 
vapour is probably polyatomic. 

Antimony shows bands and strong continuous absorption. 

Manganese. —Two triplets are observed above 850° C., which one 
would expect to be reversed from consideration of Catalan's series. These 
are AA2794-82, 2798-27, 2801-07, and AA4030-76. 4033-07, and 4034-49. 

A.C.M. 

849. Spectra of Fifth-Group Metals. A. E. Ruark, F. L. Mohler, 
P. D. Foote, and R. L. Chenault. (Nature. 112. p. 831, Dec. 8, 1923.)— 
The absorption spectrum of Bi and the spectrum of the thermionic dis¬ 
charge have been photographed for potentials from 4 to 60 volts. Several 
stages have been found in excitation of the arc spectrum, and at least 
two classes of spark lines ; 64 arc lines have been classified. The spectrum 
of the neutral atom is characterised by wide doublets, most of the energy 
levels being of the p type. Inelastic collisions take place at about 2 and 
about 4 volts, ionisation at about 8 volts, though it is difficult to separate 
critical potentials above 5 volts. The first spark spectrum appears near 
14 volts. The absorption spectrum at about 800° C. shows lines due to 
the atom, and also some new bands. The lines all arise from the lowest 
energy level. Additional classifications have also been found in the 
arsenic spectrum. A range of 38,000 cm. -1 and another of 32,000 cm." 1 
contains no energy levels. The previously given resonance potential 
corresponds to the mean of the wave numbers of the " raies ultimes.” 
From evidence from the classification, the ionisation potential must be 
greater than 10-6 volts, while the experimental value is 11-6 volts. 

A. C. M. 

850. The Iodine Spectrum and the Band Spectrum of Mercury. W. 
Gerlach. (Phys. Zeits. 24. pp. 467-469; Disc., 469, Nov. 1-15. 
1923. Paper read before the Deut. Physikertag., Bonn, Sept., 1923.)— 
A general account of the iodine spectrum. The author emphasises the 
importance of the Bohr theory with respect to line spectra and also the 
band spectra associated with molecules. A continuous spectrum may, 
according to the quantum theory, be produced by the continuous variation 
of a " term,” for instance, by the continuous series of energy-states which 
may be assumed by a free electron. A second possibility has been pointed 
out by J. Franck, t.e. the application of the same ideas as involved in 
the binding of an electron and a positive ion. to the formation of a negative 
ion by the addition of an electron to an electronegative atom. -The 
author has in another paper [Abstract 516 (1924)] described the " electron 
affinity spectrum ” of iodine under various conditions of pressure and 
temperature, and the implication of its short range is discussed. It is 
now considered certain that the band at 4800 is not due to the iodine atom, 
since in contrast to 3460 it diminishes in heated vapour. The rise and 
the maximum at 4800 is to be ascribed to the electron affinity spectrum 
of the electronegative iodine molecules and the continuous spectrum 
which follows to the excited iodine molecules.. Finally, the emission 
due to electrically excited mercury-vapour is mentioned. The radiation 
corresponds closely to the iodine emission and has band and continuous . 
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regions. It is not certain that this corresponds to a Hg 2 -moleculc, 
but the bands are to be ascribed to a Na-Hg molecule. Hg. 2 -molccules 
are responsible for a number of bands which behave in a very similar way 
to the iodine bands, and which group themselves in a characteristic way 
with respect to the principal lines of the mercury spectrum. 

Discussion. —Steubing referred to the difficulties of photographic 
methods in determining the limits of bands. Born : From a theoretical 
standpoint it might be expected that two electron affinity spectra should 
be obtainable. The halogen atom has an outer shell of seven electrons, 
of which three had circular and four elliptical orbits, or vice versa ; there 
are therefore two kinds of atoms analogous to the two types of rare 
gaseous ions which manifested themselves in the L-doublets. Both 
types of atoms attempt to catch electrons and both will, when excited, 
produce " electron affinity spectra *' which are not identical, owing to 
the small energy differences of the two types of atoms. Gerlach replied 
that if the 4800 is to be ascribed to another atom the results show that 
the negative ionisation of this atom at higher temperatures is more im¬ 
probable that for the 3460-atoms. W. V. M. 

851. Higher Spark-Spectra of Mercury. L. and E. Bloch. (J. de 
Physique et le Radium, 4. pp. 333-348. Oct., 1923.)—The authors have 
previously shown [Abstract 1384 (1923)) that in an clectrodeless discharge, 
as the voltage is increased the luminosity in the tube goes through pro¬ 
gressive stages. The outer edge of the ring shows first the arc spectrum, 
then the first spark, second spark, and so on as the voltage is increased, 
the spectra of lower order going towards the centre of the tube as higher- 
order spectra are excited. This is now applied to the case of mercury, 
•and a table of lines belonging to this element is given, in which the order 
of the spectrum is given for each line. Important differences occur 
•between some of these results and Stark’s conclusions based on positive- 
ray observations. The voltage is controlled by widening a spark-gap ; 
it is claimed for this method that other factors, especially frequency, arc 
unaltered, as is not the case when inductances are inserted. A. C. M. 

852. Spectral Lines of Ionised Potassium and Argon. H. W. J. Dll: 

and P. Zeeman. (K. Akad. Amsterdam. Proc. 26. 7-8. pp. 498-503, 
1923.)—Tables of potassium lines on discharge without electrodes. [See 
Abstracts 2278 (1922) and 95 (1924).] A. D. 

853. Band Spectrum of Copper. R. Frerlchs. (Zeits. f. Physik, 
20. 3-4. pp. 170-187, 1923.)—The paper concerns the structure and 
intensities of the copper band spectrum and is a continuation of a series of 
papers by Heurlinger, Kratzer, and Hulthtn. [See Abstracts 893 (1919) 
and 1600 (1922).] 

The paper does not admit of satisfactory abstraction as it is largely 
composed of tables of wave-lengths and frequencies referred to the inter¬ 
national values for the iron spectrum (Bums Lick Observatory Bulletin, 
No. 247, 1913), the results being reduced to vacuo. A system of energy 
levels is given corresponding to the experimental investigation, and 
various terms discussed. The author calculates the moment of inertia 
of the molecules involved in the production of the copper band spectrum 
as 0-35 10 -39 g.cm. 2 This remarkably small value leads to the surmise 
that compounds with hydrogen are involved, or that the vapour behaves 
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as almost entirely monatomic-. The question has been investigated and 
the presence of hydrogen in a free or combined form is necessary, par¬ 
ticularly in the case of the bands for zinc, which do not appear in oxygen 
and dry air, but are very strong in an atmosphere of water-vapour. The 
effect of hydrogen is not, however, completely understood and similarly 
those of the various isotopes in causing splitting of the bands, copper not 
being a simple element. W. V. M. 

854. Relations in the Band Spectra of Copper. E. Bengtsson. (Zeits. 

f. Physik, 20. 3-4. pp. 229-236, 1923.)—Copper chloride was introduced 
into the air-coal-gas flame and photographed with a Rowland concave¬ 
grating. The bands were measured, and are accurate to ± 0 -1 frequency- 
unit. The lines of each band fall into two series. The bands AA4280, 
4005, and 3777 belong to the same final-state of the molecule ; while the 
bands 4280 and 4649, and 4005 and 4689 belong to the same initial condi¬ 
tion of the molecule. A scheme of levels is given, into which fits also 
Hartley’s weak band. The null-lines of the bands can be expressed by 
a general formula. A. C. M. 

855. Extension of Tin and Zinc Spark Spectra in the Schumann Region. 

L. and E. Bloch. (Comptcs Rendus, 177. pp. 1025-1028, Nov. 19,1923.)— 
Improvements have been made in the fluorite vacuum spectrograph 
previously described, and the range of spectrum extended by passing the 
spark in nitrogen instead of in. hydrogen. The tin spectrum has been 
compared with the hydrogen spectrum as measured by Lyman and has 
been used as a secondary standard for other substances. Tables of 
wave-lengths of 84 tin lines and 107 zinc lines are given. An accuracy of 
0-1 A. is claimed. F. S. 

856. Regularities in the Arc Spectrum of Vanadium. W. F. Meggers. 
(Washington Acad. Sci., J. 13. pp. 317-325, Aug. 19, 1923.)—Kossel and 
Sommcrfeld proposed the spectroscopic " displacement law " which states 
that the spark spectrum of any chemical element resembles in structure 
the arc spectrum of the element preceding it in the periodic system. This 
led to the *' alternation law ” that the even and odd structures of both arc 
and spark spectra alternate between adjacent columns of the periodic 
classification. In recent years sufficient information has been obtained 
to test the alternation law for all the columns of the periodic table except V. 

In this paper some examples of the regularities in the arc spectrum of 
vanadium are given. It is claimed that vanadium falls into the general 
scheme predicted and it can be stated positively that the alternation law 
is verified for the arc spectra across the entire table of chemical elements. 
To test the displacement law further study of spark spectra is required. 

T. H. 

857. The Arrangement of Vanadium Lines in Multiplets. O. Laporte. 
(Phys. Zeits. 24. pp. 610-515, Dec. 15, 1923. Paper read before the Deut. 
Physikertag., Bonn, Sept., 1923.)—A short discussion of the relative 
multiplicity of the spectra of Cr and Mn in comparison with the alkalis 
and alkaline earths shows that the- old Rydberg rule with respect to 
variation of multiplicity with the column of the periodic table in which . 
the element occurs is confirmed ; thus.Mn in the 7th column has an octet 
system, Cr in the 6th column a septet system, and so on. In order to 
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test this rule and fill the gap between Sc and Cr. the vanadium spectrum 
has been investigated. It is shown that a quartet system appears in 
which two groups of terms occur, distinguished as " dashed ” and " un¬ 
dashed "symbols; but for vanadium, combination between these terms 
appears to contradict the selection principle for azimuthal quantum 
numbers. The multiplets occur partially as a quartet, partially as a 
sextet system, as well as in intercombination between them. 

By means of two series of the type d - np an approximate deter¬ 
mination of the term values is made. The appearance of widely separated 
" Uber- ” Bergmann F* terms in the vanadium spectrum was proved by 
a multiplet which must be explained as an FF* combination. W. V. M. 

858. The Direct Geometrical Determination of the Wave-Length of 
X-Rays. L. Puccianti. (N. Cimento. 25. pp. 307-309. Mav-Junc. 1923.)— 
From the paper of A. H. Compton on total reflection of X-rays [Abstract 
2198 (1923)] the author is led to suggest that this phenomenon might be 
used to obtain the direct geometrical measurement of the wave-length of 
these rays. If a fine pencil of X-rays fall at almost grazing incidence on 
a plane sheet striated perpendicularly to the plane of incidence so as to 
form an ordinary diffraction grating, the ray regularly reflected will be 
accompanied by diffracted rays which notwithstanding the very small 
wave-length will have an appreciable separation, because in such condi¬ 
tions the grating, although not very fine will act as equivalent to a grating 
very much more finely ruled than could be constructed and worked with. 
If a is the angle which the ray makes with the plane of the grating and 
Pk the angle that the diffracted ray of order K makes with the plane of 
the grating then cos a — cos /3 k ■■ ± K A/p where p is the period of the 
grating and A the wave-length. Thus approximately /3 k — a 2 ± 2K X/p 
where K is always positive and the sign -f holds for the more inclined 
diffracted rays, the sign — for the less inclined of the ray regularly reflected, 
with respect to the plane of the grating. Putting p *= 2-10-3, A = 10- 8 . 
K = 1, and calculating the two values of /3j for some incidences numbers 
are got which show the possibility of making the measurement. J. J. S. 

859. The Geiger Counter as a Sensitive Detector of X-Radiation. H. 
Behnken, G. Jaeckel and W. Kutzner. (Zeits. f. Phvsik. 20. 3-4. 
pp. 188-190, 1923.)—H. Geiger [Abstract 1873 (1913)] has'shown that a 
fine wire when negatively charged with respect to its surroundings may be 
used for counting /3-rays, and since these /3-rays are rapidly moving elec¬ 
trons and such electrons are emitted under the action of X-rays, the 
arrangement due to Geiger may be used for the detection of X-radiation 
if the released electrons can pass near the sensitive region. This is, of 
course, always the case if the X-rays fall directly on to the counter, freeing 
electrons from the point, the wall of the chamber and also the air-space. 
Since it seems possible, under suitable conditions to observe a single 
electron, it follows that the apparatus may act as an extremely sensitive 
detector for X-rays. Thus a bundle of radiation representing 10-° of the 
total radiation of an X-ray tube was detected (0-24 x 10 -11 cal./sec.). A 
second experiment consisted in submitting a particle of paraffin wax 
1 cm. 3 in volume to radiation from a Coolidge tube at a distance of 1 metre, 
the counter being placed at 8 cm. from the block and receiving only 
the radiation emitted laterally by the paraffin. It is shown that the 
number of electrons emitted, i.e. the number of collisions per microampere 
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through the tube per minute, is constant. Instead of direct observation 
it is not difficult by amplification to make the collision audible in a tele¬ 
phone, or using a relay to light a lamp, a very striking demonstration. It 
is pointed out that by a simultaneous use of two unconnected counters 
illuminated by the same X-ray wave a way might be found of testing the 
existence of a spatial quantum effect, i.e. of the " needle radiation.” 

W. V. M. 

860. The Mtiller X-Ray Spectrograph. (Engineering. 117. pp. 46-47, 

Jan. 11, 1924.)—An account of an X-ray spectrograph constructed to the 
design of A. Muller and available for use by several of the chief photo¬ 
graphic methods. An elementary account of the conditions for strong 
reflection from crystals of X-rays leads to a brief account of the Bragg 
method available for large crystals, and Debye and Scherrer and again 
Hull’s methods, applicable to crystalline powders and to rods and wires. 
The spectrograph is built up of interchangeable parts so that all methods 
may be used. Photographs and diagrams of the instrument are given, 
together with specimen photograms obtained using the various arrange¬ 
ments. W. V. M. 

861. The Standardising of R6ntgen-Ray Doses. H. Behnken. (Phys. 

Zeits. 24. p. 474 with Disc., Nov. 1-15, 1923. Paper read before the 
Deut. Phvsikertag., Bonn, Sept., 1923.) A. D- 

862. Dosimeter for Penetrating X-Rays. A. Dauvillier. (Rev. G6n. 
d’fil. 14. pp. 887-902, Dec. 8, 1923.)—After discussing the various X-ray 
dosimeters in existence and their relative importance and accuracy in 
biological and medical work, the author describes an ionisation method 
which has particular value when the radiation is very penetrating. 

• A. B. W. 

863. Theory of X-Ray Absorption and of the Continuous X-Ray 
Spectrum. H. A. Kramers. (Phil. Mag. 46. pp. 836-871, Nov., 1923.) 
—The paper is divided into six sections dealing with : (1) Definition of the 
problems and statement of the main results ; (2) the connection between 
the probability of absorption of radiation and the probability of emission 
of radiation due to the capture of a free electron ; (3) the classical radia¬ 
tion from a free electron deflected by a positive nucleus ; (4) the quantum 
theory of radiation from a free electron colliding with a positive nucleus; 
(5) the atomic absorption coefficient for homogeneous X-rays ; and (6) 
the energy distribution in the continuous X-ray spectrum. 

The paper is mathematical throughout, so that a short abstract is 
not possible. A. B. W- 

864. The Change of Wave-Length Accompanying the Diffusion of X-Rays- 
E. Bauer. (Comptes Rendus, 177. pp. 1031-1033, Nov. 19, 1923.)--- 
In a recent publication [see Abstract 2194 (1923)] Compton has disclose 
the remarkable fact that when monochromatic X-rays are diffused by 
graphite, their wave-length increases according to the divergence from the 
incident ray. The present paper contains a critical discussion of Compton s 
explanatory theory based as it is on the hypothesis of light quanta, and 
the assumption that the electron may be considered as free, the forces 
binding it to the atom being sufficiently feeble to be neglected. The author 
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now suggests another explanation based on the quantum hypothesis 
but he indicates at the outset that the classical theory of light provides 
for an analogous effect in the case of diffusion by free electrons. The 
author cannot decide, however, which of the two theories corresponds 
best with reality. j_j ^ Hq 

865. The Theory of the Diffusion of X-Rays. E. Bauer, P. Auger, and 

F. Perrin. (Comptes Rendus, 177. pp. 1211-1212. Dec. 3, 1923.)_ 

Compton's work on the diffusion of X-rays [see Abstract 2194 (1923)1 
has involved the use of a correspondence principle which is regarded as too 
arbitrary by the present authors. They propose a principle more in 
accordance with the essentials of the Bohr notion. This is an extension 
of Bauer s previous work [see preceding abstract] and the assumptions 
are made that the processes of diffusion of X-rays by a free electron may 
be subdivided as follows : (1) The electron commences by absorbing 
an entire quantum hv of the incident radiation, although whether 
by a continuous or discontinuous mechanism is not yet known. 
(2) The quantum absorbed is then radiated. The frequencies, intensities.’ 
and polarisations of the diffused radiation are. on the average, the same 
as if diffusion had been produced according to the classical laws by elec¬ 
trons excited by the speed v. [Principle of correspondence.] Two 
hypotheses are possible for the re-emission of the quantum by the electron. 
vix. that it takes place as a train of spherical waves or of quantum pro¬ 
jectiles. These viewpoints arc discussed and the opinion expressed that 
experiments utilising C. T. R. Wilson's method should provide a decision. 
It is remarked that for the first time in the quantum hypothesis, the 
absorption and emission of light are related to modifications of a free 
electron, and not to those of an atomic complex. The electron is here the 
principal agent of the optical phenomenon, and from this standpoint 
the quantum theory approaches the classical theory. H. H. Ho. 

866. The Abnormal Reflection of X-Rays by Crystals. G. L. Clark and 
W. Duane. (Science. 68. pp. 400-402. Nov. 16. 1923.)—In recent papers 
[see Abstract 2202 (1923)], the authors have described experiments which 
show that under certain conditions a crystal of potassium iodide deflects 
X-rays in a way that does not obey the ordinary laws of X-ray reflection. 
The discovery and extensive study of these abnormal reflections, called 
X-peaks, were made by means of ionisation spectrometers. These vanished 
when the voltage fell below the critical voltage required to produce the 
K-series lines of iodine, and the conclusion was drawn that the abnormally 
reflected rays consisted of the characteristic line spectrum excited by the 
primary X-radiation in the iodine atoms of the reflecting crystal itself. 
The angle of reflection so obtained from the crystal depended in a com¬ 
plicated way upon the angle of incidence of the primary rays, and the 
phenomenon cannot be regarded as ordinary reflection from any single 
set of crystal planes. The existence of the X-peak reflection was after¬ 
wards confirmed by the photographic method. Recent photographic 
work by W'yckoff, however, does not show this phenomenon, and the 
authors have in consequence repeated their experiments with the confirma¬ 
tion of their previous conclusions. The photographs show a large number 
of Laue spots reflected in the ordinary way from the various crystal planes 
together with the 4 well-defined spots that cannot be reflected from any 
conceivable planes in the crystal and which correspond exactly in position 
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with the X-peak reflections. The important differences between the 
author’s experiments and those carried out by Wyckoff are discussed at 
length. These include the use of a much higher voltage, a single pin-hole 
in a lead sheet to define the beam of X-rays incident on the crystal, and a 
thicker crystal of potassium iodide. This possibility of abnormal reflec¬ 
tions is of great importance in the analysis of crystals. H. H. Ho. 


867. Radio-Luminescence and Radio-Photoluminescence. K. Przibram 
and Elizabeth Kara-Michailova. (Akad. Wiss. Wien, Ber. 131. 2a. 
No. 8. pp. 511-530, 1922.)—Radio-photoluminescence, i.e. the property 
after treatment with Becquerel rays of being excited by ordinary light to 
longer and stronger giving out of light, is shown by kunzite and fluorspar 
and also by apatite from Auburn, by orthoclase. adular, wollastonite, 
scheelite, and several tourmalines. The action is exhibited by the whole 
visible spectrum and also by the ultra-violet. X-rays and y-rays. It 
has not hitherto been noticed in the infra-red. Treatment of kunzite 
by X-rays has the same effect as with Becquerel rays. The intensity of 
the luminescence light during exposure to /3-y-radiation first increases 
with time, and then slowly decreases after a very flat maximum. The 
total light (i.e. the total energy) determined by heating of kunzite exposed 
to radiation approaches with increasing duration of radiation a saturation 
value. The change of the light total with the duration of radiation is 
quite similar to the change of the optical absorption coefficient of kunzite 
with the duration of radiation, especially is the saturation value in the 
two cases approximately attained in the same time. The radio-photo- 
lumincscence of kunzite shows in its dependence on the wave-length of 
the exciting light similarity to the photoelectric effect: rise of the intensi¬ 
ties converted from equal absorbed energy from the long towards the 
short waves and overlapping of selective maxima at about 565 and 475 /*/*• 
The ratio of these two wave-lengths 100 : 84 is the same as with two of 
the three excitation maxima of many specimens of Lcnard’s phosphorus 
(on the average 100 : 81-8). For the duration of illumination there is an 
optimum, after which the intensity again decreases. The action of the 
illumination is smaller, the longer the time which has elapsed between it 
and the end of the exposure to radium radiation. The energy liberated 
as light total with radio-luminescence at the maximum is only a small 
fraction of the absorbed y-ray energy ; similarly the energy sent out as 
light with radio-photoluminescence is small compared with the absorbed 
energy of the exciting light. There is evidence of the far-extending 
analogy between substances treated with Becquerel rays and the phos¬ 
phorescent alkaline earths. J* J* Sl 


868. Secondary Corpuscular Rays Produced by Homogeneous X-Ray s - 
H. Robinson. (Roy. Soc., Proc. 104. pp. 455-479, Nov. 1. 1923 .)--Thc 
investigation now described is essentially a continuation of work previously 
carried out by the author and W. F. Rawlinson in 1914 [see Abstract 
177 (1915)]. In the present experiments, however, more refined methods, 
aiming at an accuracy of 1 in 1000 in rH, have been employed. Tables 
of results are given, using the Ka x rays of copper, for the following ele¬ 
ments : Bismuth, lead. gold, tungsten, barium, iodine, tin, silver, molyb¬ 
denum, strontium, copper, calcium, potassium, sulphur, magnesium, 
sodium, and oxygen. The paper concludes with, a discussion of the 
accuracy of the observations, on the relative intensities of the lines in the 
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corpuscular spectra, and on the bearing of the results on the theory of 
atomic structure. A. B. W. 

869. Wave-Lengths of Secondary X-Rays. G. L. Clark and W. Duane. 

(Nat. Acad. Sci., Proc. 9. pp. 413-418. and 419-424. Dec.. 1923.)— 
Secondary radiation contains a large number of scattered rays of precisely 
the same wave-lengths as those of the primary rays. Except with *>pper 
no scattered rays were found whose wave-length was a certain fraction 
of an Angstrom longer than those of the primary rays [Compton. Abstract 
901 (1919)]. There must also be tertiary rays having wave-lengths longer 
than the primary rays by a certain amount extremely small except in 
copper; which would explain the results obtained with copper. [See 
Abstract 384 (1920).] A. D. 

870. A New Secondary Radiation of X-Rays. W. Bothe. (Zeits. f. 

Physik, 20. 3-4. pp. 237-255, 1923. From the Reichsanstalt.)—In a 
previous paper [Abstract 98 (1924)*) photographs taken by the Wilson 
cloud method were held to show the presence of an intra-atomic H-radia- 
tion. which did not satisfy the photoelectric hv relation. The author has 
shown his previous conception to be untrue, as the new rays arc electronic 
rays, which find their explanation in the recent quantum theory of the 
scattering of X-rays, due to Debye [Abstract 1878 (1923)]. The present 
paper is a lengthy one in which experimental apparatus is discussed in 
much detail and measurements are carried out concerning the phenomena 
in air, hydrogen, and helium. The nature of the radiation is then dis¬ 
cussed, together with the effects of filtration, of application of a magnetic 
field, and the effects of aluminium, graphite, and paraffin. The theoretical 
aspects are then dealt with, based upon Debye’s theory and also the effect 
of variation of voltage applied to the X-ray tube. The results, owing to 
monochromatic radiation not being used, do not closely satisfy Debye’s 
quantum theory of scattering, but arc nevertheless held both to prove 
this theory and the general quantum theory. B. J. L. 

871. Excitation of Characteristic X-Rays from Certain Metals. F. 
Horton, Ursula Andrewes, and Ann C. Davies. (Phil. Mag. 46. 
pp. 721-741, Nov., 1923.)—Investigations of the voltages connected with 
some of the longer wave-length absorption limits have been made for the 
elements Al, Fe, Ni, Cu, and Zn by the excitation potential method. The 
following critical values have been obtained : 

For aluminium. 42, 66, and 107 volts 

For irou. 73 and 166 volts 

For nickel. 104 178 

For copper... 112 „ 193 „ 

For zinc. 119 „ 200 

By extrapolating the Moseley curves for the various absorption limits 
to low atomic numbers, the lower of the two values obtained for each of 
the metals, iron (z = 26), nickel (z = 28), copper (z = 29), and zinc 
(z = 30), was found to be associated with the Mu.m level, and the higher 
of the two values obtained for each of these elements was found to be 
associated with the Mi level. The changes on the slope of the Mj and 
Mu.m curves in passing through the observed points support the view 
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that a change in the constitution of the M electronic group is in progress 
as we pass from one of these elements to another. The results suggest 
that the development of the second M sub-group from 4 electrons to 6 
electrons, as required by Bohr's theory, does not commence before the 
element cobalt (z = 27). but that the similar development of the first M 
sub-group commences for a lower value of the atomic number. 

1^- extrapolating the Moseley curves for the L absorption limits in a 
similar way, the two higher values found for aluminium have been con¬ 
nected with the Li. and Limh levels respectively. From analogy with 
the anomalous K absorption limits found by Fricke for titanium, vanadium, 
and chromium, which Coster suggests are due to the displacement of an 
electron from the I\ group to an incomplete M sub-group, it seems probable 
that the lower value (42 volts) found for aluminium is to be associated 
with the displacement of an electron from the second L Sub-group to the 
first M sub-group. A - B - W * 


872. Obsenations with X-Rays upon Fluorescent Zinc Silicate. A. 
Schleede and A. Gruhl. (Zeits. Elektrochem. 29. pp. 411-412. Sept., 1923. 
Paper read before the Deut. Bunsen Gesell, Hanover, 1923.)—Reference is 
made to previous work by Schleede and Ticde on calcium tungstate 
[Abstract 2426 (1923)]. New experiments are described upon zinc silicate 
containing a trace of manganese and cooled at different rates, to give 
varieties which show green, yellow, and red fluorescence. These can be 
shown to be modifications of the same body by heating to about 900° C., 
when the red and yellow forms pass to the green form. X-ray examination 
of the crystal structure of the three forms was carried out by the Debye 
and Scherrcr method and show differences in the spectra. It is concluded 
that the various emission bands of a substance depend upon the spatial 
crystal form. B. J. L. 


873. The Production of X-Ray Florescence and the Question of the 
Comparison of the Intensity of X-Rays of Different Wave-Lengths. W. 
Kossel. (Zeits. f. Physik, 19. &-6. pp. 333-346. 1923.)—The fluorescence 
referred to is the production of secondary X-rays (y-rays), when a beam 
from a Rontgen tube falls on a body. On the theory that the primary 
ray or wave generally removes an electron more or less completely from 
the atom, leaving it in an *' excited ” state, and that it is only after a 
certain interval that one of the loosely bound electrons fills up the resulting 
gap, the energy lost by it being converted into a secondary X-ray, it 
follows from the quantum theory that a given level will give off X-rays oi 
a definite frequency ; this frequency will in no way depend on that of the 
primary X-ray concerned, which merely must contain sufficient energy m 
its quantum to eject the original electron from the level concerned. It 
follows that if each of the absorbed primary quanta acts in this 
the number of secondary quanta emitted will be the same as that of tn 
primary quanta, and a method becomes available for measuring the 
relative intensities, or amounts of energy, contained in X-ray beams o 
different wave-length, making use of the relation E = hv. Methods ar 
suggested for carrying out such measurements, the various difficulties 
being pointed out. It is shown that Sadler's results, based on ionisation 
measurements, lead to the conclusion that /x, the ratio of the number o 
secondary quanta emitted to the primary quanta absorbed, is constant lor 
a given element; the value varies from element to element increasing 
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with the atomic weight, being 0-25 for Cr and 0-51 for Zn. The author 
concludes that it is possible that these values are really too small, and 
that in the case of the K layer p may reach unity, so that every excitation 
of the K mechanism leads to the emission of a quantum of energy of one of 
the K-lines. H. N. A. 

874. Corpuscular Radiation Excited by X-Rays. C. G. Bark la and 
(Miss) A. E. M. M. Dallas. (Phil. Mag. 47. pp. 1-23. Jan., 1024.)— 
The energy of the corpuscular radiation emitted by metal plates when 
exposed to X-radiation of varying frequency has been investigated 
by a simple method. The results differ substantially from those 
obtained by other investigators using different methods. They show 
two independent discontinuities in corpuscular emission due to the 
a- and ^-constituents of the K-radiation when this is used to excite 
corpuscular emission. They show that few K-electrons have energy 
of the order hn where n is the frequency of the exciting radiation. 
From silver and tin these electrons are altogether insufficient in number 
to account either for the observed increase in ionisation or for the 
full energy of characteristic radiation on the basis of one quantum 
of characteristic radiation for one high-speed electron. In this respect 
these results differ markedly from those obtained by other investigators 
of the emission from metal plates. The inadequacy of these electrons 
thus points to the importance of the part being played by other electrons 

.with energy h (n — nM), such as found by de Broglie ; these would not be 
detected by the plate experiments. On the other hand, the ionisation 
experiments of Barkla and the results of experiments by Sadler. Beatty, 
and Bragg, on the emission of electrons from metal plates, all indicate 
that the bulk of the energy in the corpuscular radiation—the K-corpuscular 
radiation—is in the electrons of energy approximately hn. Such experi¬ 
ments have been made, however, in substances of lower atomic weights. 
These substances are now being studied by more exact methods. A. B. VV. 

RADIO-ACTIVITY. 

875. The Photographic Action of Becquerel Rays. R. Wilder. (Akad. 
Wiss. Wien, Ber. 131. 2a. No. 8. pp. 495-510, 1922.)—If a plate is first 
exposed to a-, {$-, or y- rays, so as to produce a latent image, and 
then exposed to light from an incandescent lamp, a reversal takes place ;• 
the places on the plate on which both kinds of ray have fallen are found, 
after development, to be brighter than those to which no light has pene¬ 
trated, and in some cases brighter than those which have received light 
only. The effect is not observed when the exposures are made in the 
opposite order. The curves obtained when one kind of radiation is kept 
constant, and the other is varied, are U formed, which seems to indicate 
that two different actions are taking place, in part at least simultaneously, 
one of which blackens the plate, while the other bleaches it; and the 
author, after an experimental investigation, suggests that, when absorp¬ 
tion of radiation takes place, the silver bromide molecules receive different 
quantities of energy ; some of them are split up, metallic silver being 
separated, while others are merely activated, receiving a smaller amount 
of energy than the first. The greater the energy density of a radiation 
the greater is the proportion of the molecules which are split up, and the 
smaller that of those which are merely activated: so that the Becquerel . 
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rays, which have a greater energy density than light rays from an incan¬ 
descent lamp, will produce a larger number of silver atoms, and a smaller 
number of activated molecules than the latter. At the same time it must 
be assumed that, under the action of either kind of radiation, the liberated 
silver atoms enter into chemical combinations, which are not capable of 
development; the result being that, when ordinary light acts upon the 
latent image caused by the Becquerel rays, its action is mainly on these 
silver atoms, and so is a bleaching one ; the number of activated molecules 
is small ; the darkening produced by the action of the light on these, and 
on any unattacked AgBr molecules, may be considerably less than this 
bleaching action, and the result is that the image is reversed. H. N. A. 

876. Colouration and Luminescence Produced by Becquerel Rays. S. 
Meyer and K. Przibram. (Akad. Wiss. Wien, Ber. 131. 2a. No. 6-7. 
pp. 429-435, 1922.)—The authors have investigated a number of crystals 
and different kinds of glass, observing the effect of heating and exposure 
to light. Thermo-luminescence has been observed at remarkably low 
temperatures in these substances when coloured by the Becquerel rays; 
and bleaching action begins at surprisingly low temperatures even in 
cases in which the substance resists the action of daylight. When glasses 
are coloured violet by the rays it appears that, in many cases, this is due 
to the presence of manganese. Kunzite from Pala in California is coloured 
green by the rays ; but in the case of the same substance from Madagascar 
a brown colour is observed ; after heating to 87° this colour changes to 
green, and it appears that there are two supenmposed effects in the case 
of the Madagascar specimens, one of which gives the brown colour, and 
is destroyed by heat, while the other, which causes the green colour, is 
common to specimens from both sources. With the brown colour is 
associated a more intense phosphorescence which, with the brown colour, 
dies out more rapidly under the influence of heat than the green colour, 
and the phosphorescence linked with it. Examining the splendidly 
luminescent Tiedc phosphores, it was found that strong Becquerel radiation 
destroys the luminescence ; when terephtalic acid phosphorc was heated, 
after this treatment, the phosphorescence was regenerated, and may even 
be strengthened, but is shifted towards longer wave-lengths.' H. N. A. 

877. Investigations upon the Penetration of Radio-Active Substances into 

Metals. (Miss) S. Maracineanu. (Comptes Rcndus, 177. pp. 1215-1217, 
Dec. 3, 1923.)—The penetration hypothesis with respect to the supporting 
metals has been evolved by Curie to explain the divergence between the 
values found for the constant of polonium. The present paper contains a 
description of some experiments made with polonium and actinium to 
test this hypothesis. The first investigations were made at the ordinary 
temperatures by allowing drops of a polonium preparation to evaporate 
upon very thin layers of gold and lead which are then examined for radio¬ 
active content. Proof of this has been established but no success was 
obtained when glass was used instead of a metal. Increased penetration, 
is found when the experiments are conducted at temperatures of 180 ° to. 
200°, but again no penetration into glass was detected. Support is thus 
afforded for the Curie hypothesis. H. H. Ho. 

878. Measurement of Amount of Radium in Naturally Occurring Titano 
Niobates. A. Karl and S. Lombard. (Comptes Rendus, 177. pp.'1036^ 
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1037, Nov. 19. 1923.)—Most of these minerals are fusible in potassium 
bisulphate, and the melt remains perfectly clear, even when a good deal 
of sulphuric anhydride is driven off in the form of white vapour. The 
liquid mass retains no trace of emanation after a current of air is passed 
through it. The fusion point can be lowered considerably by adding sul¬ 
phate of soda in the proportion needed to obtain a eutectic mixture, and 
Can be lowered further by the addition of lithium sulphate. The solidified 
mixture is broken up, and pieces are introduced into a test tube of Pyrex 
glass, with a rubber stopper through which pass two tubes of the same 
glass. The mixture is then melted in a Bunsen flame, and is perfectly 
fluid at 660° to 600° C. ; air is then drawn through, to remove the emana¬ 
tion, which is measured in the usual way. precautions being taken to 
remove any acid vapours in the air. H. N. A. 

879. The Applicability of Normal Radium, and Uranium Solutions for 

Emanation Measurements. Part II. P. Ludewig and E. Lorenser. 
(Zeits: f. Physik. 21. 4. pp. 268-263, 1924.)—The former investigation 
[see Abstract 1694 (1923)] has been continued for a second year, when 
the solutions then employed have been found not to lose their utility 
even after being used 9 times. During the two years they have remained 
constant within 2 %. The dependence upon pressure of the ionisation 
effect of the y-radiation of a radium preparation and of the a-radiation 
of an emanation has now been experimentally investigated. This observed 
dependence has been used for the calculation of the amount of an 
emanation. Tables of data are included. H. H. Ho. 

880. Determination of the Rate of • Decay of the Short-Life Product 
Radium C'. J. C. Jacobsen. (Phil. Mag. 47. pp. 23-31, Jan., 1924.)— 
Geiger and Nuttall's relation between the transformation constant A for 
radio-active substances emitting a-rays, and the range R of the rays, 
log A s= a 4 - b log R. has since been shown to be not very exact; but if 
A is calculated from the formula for RaC', using the observed value 
R = 6-608 cm. the value A = 5x 10 7 sec.” 1 , or the half-period value 
T = 0-36 X 10 ” 7 sec. is obtained. In order to measure A experimentally 
a quantity of the same order of magnitude is required with which to 
compare it, and the velocity V of the recoil atoms from RaC has been 
made use of for this purpose. There is difficulty in calculating this velocity, 
on account of the uncertainty as to the velocity of the primary /3-rays 
from RaC ; but assuming this tobev = 0-996c, V = 8-4 x lO^m./sec. 
A plate or disc of polished nickel was coated with RaC by a special process, 
and placed at one end of a tube, along the thick side of which were a 
number of equidistant slits perpendicular to the axis of the tube; a 
stream of RaC' recoil atoms was sent out along the tube, from which the 
air was exhausted, and after moving a certain distance each recoil atom 
is transformed into RaD, with the emission of an a-particle. Some of 
these a-particles will be ejected at right angles to the movement of the 
recoil atoms, that is to say, some of them will pass through the different 
slits in the tube, and can be observed and counted on a zinc sulphide 
screen ; the experiments made so far cannot be regarded as definitive, 
but they give the value of A/V as about unity. orA = about 8-4 X 10 5 , 
? r lo 8 io A = 6-9, while the value predicted by the Geiger-Nuttall formula 
is 7*6. If V is calculated: from ;A/V = 1*0 and logjo A = 7-7 the value 
6 X 10 7 is. obtained, or 60 times the value used above, this would imply the 
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existence of enormous velocity in the primary /3-rays from RaC, and the 
existence of such very hard rays seems very improbable. It appears then 
that the value of A predicted by the Geiger-Nuttall formula is definitely 
too high. Control experiments were carried out to determine the velocity 
of the RaC' recoil atoms, by measuring the range in air ; they are not 
very complete as yet, but a curve is given in the original paper which 
shows the number of scintillations in 100 sec. corrected for decay of the 
source plotted against the pressure in the apparatus. H. N. A. 

881. The Radio-Activity of the Alkali Metals. G. Hoffmann. (Phys. 

Zeits. 24. pp. 475-476 ; Disc., 476, Nov. 1-15, 1923. Paper read before 
the Deut. Physikertag., Bonn, Sept., 1923.)—A highly sensitive, photo¬ 
graphically registering, vacuum electrometer was employed, in connection 
with an ionisation chamber, which was as far as possible non-radioactive, 
and which was protected from penetrating radiation by a lead covering 
3 cm. thick. The salts investigated were powdered in a thin layer on a 
lacquered metal support. In one set of experiments the surface was 
250 sq. cm., and the distance from the ionisation chamber was 3 cm., 
when only the f$- and y-radiation could penetrate ; in a second set the 
surface was 10 sq. cm., and it was brought right up to the chamber, so 
that weak f}- and y-radiation and a-rays could penetrate. Fractions of 
a milligramme of rubidium could be detected. The first method gave as 
upper limit for the action of a possible Na radiation 1/500 of the potassium 
radiation, while the second, which included the soft radiation gave 1/50. 
Caesium chloride (Kohlbaum) showed radiation similar to that of rubidium ; 
but the caesium mineral pollux (polluscite) showed no radiation ; the 
radiation of the caesium chloride was apparently due to about three per 
cent, of rubidium impurity. The fresh powdered salts showed generally 
less a-activity than freshly scaped copper, or less than 0-2 a*particles 
per sq. cm. per hour, i.e. less than would be given by 2 x 10” 12 grammes 
of radium per gramme of salt; the specific a-activity is certainly very 
small. The results agree well with those of Hahn ; taking the radio¬ 
activity of K as 1, method 1 gives-Na < 0-001, Rb = 4-4; method 
2 gives Na < 0 02, Rb = 7 -6. H. N. A. 

882. Colouration and Luminescence Produced by Becquerel Rays. K. 
Przibram. (Zeits. f. Physik. 20. 3-4. pp. 196-208, 1923.)—The paper 
gives a risumi of work done during recent years in the Vienna Institutfiir 
Radiumforschung ; it has been found that the particles which give the 
colouration are so small that, when first produced, they cannot be resolved 
by the ultramicroscope, as can be done with materials coloured with Na 
vapour. With many salts of the alkalis, particularly the borates, the 
colour agrees with that of the vapour of the particular alkali, or of its 
organic sols ; in other cases, as in NaCl which is coloured amber, the 
anion may be concerned. From the large amount of experimental detail 
considered the author concludes that the primary process is the absorp¬ 
tion of a radiation quantum (wave or corpuscular) by a negative ion, 
such as Cl in NaCl, the extra electron being split off ; this electron can 
pass to the positive metallic ion, and neutralise it; the result is an emission 
of light (radio-luminescence) and the substance is coloured with the colour 
of the metal; when the Becquerel radiation ceases the process may be 
reversed, owing to thermal movements ; the most loosely held electron 
of the metal may either go to the electro-negative component, producing 
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discoloration, or in certain cases it may fall back into its orbit, with the 
emission of light. In some cases this takes place at ordinary room tem¬ 
perature ; treated fluorspar, for example, phosphoresces in the dark ; 
in other cases heat is necessary to produce this effect, the colour being 
destroyed. Light may produce the same effect as heat; this may be due 
to its heating effect on the centres of phosphorescence, or to a photo¬ 
electric effect on the metallic ion. The fact that the colouration reaches a 
saturation value is ascribed to the superposition of two actions, a colouring 
process due to the radiation, and a bleaching action which proceeds con¬ 
tinuously, sometimes even in the dark, or under the action of the rays, 
being in some cases increased, or even caused, by their action ; as in the 
case of rock salt, which retains its colour in the dark. The centres arc 
found to agglomerate when the crystals are heated, so that they become 
visible in the ultramicroscope ; this indicates the possibility of consider¬ 
able movements of translation in the crystal lattice. H. N. A. 

883. Is Casium Radio-Active ? H. Zwaardemaker, W. E. Ringer, 

and E. Smits. (K. Akad. Amsterdam. Proc. 26. 7-8. pp. 575-581, 1923.)— 
The alkali metals K and Rb are radio-active, and it has been suspected 
that Cs also has slight radio-activity. The authors have tested the point 
by a physiological method, passing a solution of caisium chloride through 
a frog’s heart, as has already been done by S. Ringer, and noting that 
the continuation of the heart’s beating, the minimum, the optimum, 
and the highest practicable dosis, depended on the source and degree of 
purity of the CsCl employed. The conclusion is that the impurity that 
imparts to commercial preparations of oesium a feeble radiating power, 
is presumably a heavy radio-active element; and that the biological action 
of this impurity has the nature of a /3-radiator. H. N. A. 

884. Relative Ionisation along the Path of a-Rays in Different Gases. 

F. Hauer. (Akad. Wiss. Wien. Ber. 131. 2a. No. 9. pp. 583-587, 1922.)— 
The ionisation along the path of a parallel bundle of a-rays in air, oxygen, 
helium, and CO z is measured and it is found that the number of generated 
ions per unit of length of the path increases, with the distance of the source 
of the rays (polonium), so much the quicker the lighter the gas through 
which the rays pass. From this the conclusion is drawn that the loss 
of energy which an a-particle suffers by the generation of a pair of ions 
in a certain gas is given not alone through the work necessary for ionisation, 
but that in addition there is a certain amount of energy loss which 
depends on the velocity of a-particles and the density of the gases through 
which the rays pass. A. E. G. 

885. On the Correction for Non-Uniformity of Field in Experiments on 

the Magnetic Deflection of ft-Rays. D. R. Hartree. (Cambridge Phil. 
Soc., Proc. 21. pp. 746-762, Nov. 14, 1923.)—The rays from a point source 
pass through a slit and, after having been bent by an approximately con¬ 
stant magnetic field, fall upon a photographic plate. Were the field 
exactly constant the trajectory would be circular, and the object of the 
paper is to study mathematically the effect of small variations in the 
field. The argument employed is a special case of a well-known method 
of calculating the first order variations of the solutions of any system of 
differential equations ; and the results obtained are applied to two par¬ 
ticular experimental arrangements. H. N. A. 
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886. The Number of Pairs of Ions Produced by an a-Particle from 
RaC. H. Fonovits-Smereker. ' (Akad. Wiss. Wien. Ber. 131. 2a. No. 
4-5. pp. 355-363, 1922.)—Previous determinations of the number ri of 
pairs of ions per a-ray have not led to a definite trustworthy result. H. 
Geiger recently found, by an indirect method, for RaC n = 2-37 x lO* and 
the authoress, using a direct method, has measured it for the same sub¬ 
stance in air, by determining the value of the saturation current t for a 
gold foil activated on one side with RaC, and the radium equivalent r of 
the same foil by comparison with a standard radium preparation. • The 
mean of 15 determinations gave n — 2-20 ± 0-02 x 10 5 ; n has been 
calculated for all other substances emitting a-rays from their ranges. 

H. N. A. 

887. A Possible Explanation of the Continuous fi-Ray Spectrum. L. 
Meitner. (Zeits. f. Phvsik. 19. 5-6. pp. 307-312. 1923.)—The author 
renews the investigation as to the manner in which a radio-active element 
which ejects a /2-particle or electron disintegrates (Abstract 2451 (1923)). 
A. H. Compton has shown, in a series of investigations, that when X- or 
y-rays strike matter the scattered radiation has a greater wave-length 
than the incident; this increase is a function of the angle of scattering, 
and is greatest when this is 180° : Compton, and also Debye, have deduced 
from this that the classical theory for the scattering of radiation by a free 
electron breaks down, and that a quantum process must be assumed. If 
a quantum hv 0 is scattered by a free electron of mass m, the energy is 
divided between hv for the scattered radiation, and the kinetic energy 
Ep imparted to the electron. Thus, when y-rays are scattered by free or 
almost free electrons, a continuous '/5-ray spectrum will be produced, with 
a definite limit on the fast ray side. The y-rays from the nucleus must 
be scattered by the outside electrons of the atom ; and, in addition to the 
" photo-effect ” which produces the /5-ray lines, there will be a scattering 
effect which gives a continuous spectrum, with a definite limiting velocity. 
The equations obtained show that the ordinary photo-effect, in which 
the inner forces of the atom are important and in which the whole of the 
y-ray energy goes to the electron, to separate it from the atom, and give 
it a certain velocity is more and more replaced by the scattering effect, 
when the incident y-ray wave-length is diminished, i.e. when the energy 
of combination of the electron is small compared with the incident quantum 
of radiation ; this is connected with the fact that no Compton scattering 
effect has been observed in the optical region. The K-electTons absorb the 
y-radiation more than the outer electrons. If the y-wave-length is very 
short even the K-electrons can be regarded as loosely bound and the 
scattering will be large, the /3-lines weak, with a strong continuous back¬ 
ground, which, if there is only one y-wave-length. will have a sharp limit 
on the high-velocity side : such a limit is always seen in the photographs. 
Every substance which radiates y-rays must, then, give a continuous 
y-ray spectrum, in addition to its monochromatic y-lines ; and this will 
produce a tertiary, continuous’ /3-line spectrum; These considerations 
also give some explanation of the intensity relations of the observed lines. 

- H. N. A. 
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888. Thermometer Calibration. E. Schottlander. (Zeits. Instrumen- 

tenk. 43. pp. 265-274, Sept., 1923.)—The influence of scale divisions on 
the distribution of errors is considered chiefly in relation to thermometers. 
Richter's Kipp thermometer is especially considered. W. A. R. 

889. Colour Temperature Measurement. O. Reeb. (Zeits. techn. 

Physik, 4. 10. pp. 389-391, 1923.)—Describes the use of a combination of 
tungsten filament vacuum lamp and blue glass for the determination of 
the colour temperature of sources of light. J. W. T. W. 

890. Free and Forced Convection of Heat in Gases and Liquids. C. W. 

Rice. (Am. I.E.E., J. 42. pp. 1288-1289; Disc.. 1289-1293. Dec.. 1923. 
An abridgement of a paper presented at the Annual Convention of the 
A.I.E.E., June 27, 1923.)—It is pointed out that a mathematical solution 
of a convention problem would require a knowledge of the hydro-dynamic 
laws of viscous fluids for stream line and turbulent motion. I.ack of the 
hydrodynamic laws for turbulent motion render a vigorous solution 
impossible. Langmuir adopted a film theory as an approximation. 
Consider a horizontal heated wire. At the surface of the wire the fluid 
is stationary, due to viscosity. As we proceed from the surface of the wire, 
the velocity of the convection currents increase until a distance is reached 
at which the critical velocity conditions in the fluid arc exceeded and 
the stream line flow bursts into turbulent motion. The discontinuity 
between the stream line and turbulent motion constitutes the outer boun¬ 
dary of the film. The question of how the film thickness varies with the 
size and shape of the body and properties of the ambient fluid is deter¬ 
mined by Raleigh’s " Method of Dimensions.” E. G. 

891. A Thermostat Refrigerator. K. C. D. Hickman. (Chcm. Soc.. J. 

123. pp: 3416-3417, Dec., 1923.)—A contrivance for keeping a bath at 
16° C. through summer and winter. In the summer there is a play of 
ice-water, in winter a play of gas-heated water. A. D. 

892. Comparison of the Heating-Curve and Quenching Methods of 
Melting-Point Determinations. G. W. Morey. (Washington Acad. Sci., 
J. 13. pp. .326-329, Aug. 19, 1923.)—The heating-curve method, which 
is the method followed almost exclusively in the study of metals and salts 
winch crystallise readily, is compared with the quenching method, used 
chiefly in the study of substances which are difficult to crystallise such 
as most silicates. It is well recognised both in theory and practice that 
the melting-point of a substance of the latter class is more accurately 
determined by the quenching method. In this method a few milligrams 
of the substance are wrapped in thin platinum foil and held at a definite 
temperature until equilibrium is reached. The substance is then suddenly 
cooled and examined under the microscope. If the heating has been 
above the melting-point the examination shows only glass, but if below 
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the melting-point only crystals. The method is thus only applicable to 
substances which are sluggish crystallisers. Taking the melting-point 
determination by this method as standard, it is shown that the true 
melting-point lies on the more rapidly rising end portion of the heating 
curve. As usually interpreted, therefore, the heating-curve method tends 
to give a melting-point which is too low. The difference in the present 
case (sodium metasilicate) is of the order of magnitude of 2° C. or less at 
about 1100° C. T. H. 

893. A Calorimetric Method of Surveying the Behaviour of Steam. 

N.S. Osborne. (Mechanical Engineering. 46. pp. 88-90 and 108, Feb., 
1924.)—Describes the elements of a method of calorimetry of a saturated 
fluid which is adapted to the determination of some thermal properties 
of steam at the saturation limit. This method is the basis of the experi¬ 
mental programme of research on the properties of steam upon which the 
Bureau of Standards is at present engaged. S. L. S. 

894. Progress Report on Work at Harvard University on the Joule- 

Thomson Effect. R. V. Kleinschmidt. (Mechanical Engineering, 46. 
pp. 84-85, Feb., 1924.)—Describes improvements made in the apparatus 
employed at Harvard in research on the Joule-Thomson effect in super¬ 
heated steam. . S. L. S. 

895. Progress Report on the Joule-Thomson Effect. H. M. Davis. 

(Mechanical Engineering, 46. pp. 85-87 and 108, Feb., 1924 .)—Reviews 
the present position of the steam research on the Joule-Thomson effect 
carried out at Harvard. S. L. S. 

896. The Three-Temperatures Rule. C. Porlezza. (N. Cimento, 26. 

pp. 291-303, May-June. 1923).—If r, be the absolute temperature of 
fusion, t 6 that of boiling at ordinary pressures, and r c the critical tempera¬ 
ture (abs.), the expression r f + r b = kr e appears justified. Prud’homme 
and the author find k approx. = l, Lorentz found 1*11. A. D. 

897. The Four- Volumes Rule. C. Porlezza. (N. Cimento, 26. pp. 305- 

306, May-June, 1923.)—To a first approximation, the critical specific 
volume is equal to the sum of the specific volumes at absolute zero, at 
fusing-point and at boiling-point. A. D. 

898. Partial Pressures of Sulphuric Acid over Concentrated Aqueous 
Solutions of the Acid at High Temperatures. J. S. Thomas and A. G. 
Ramsay. (Chem. Soc., J. 123. pp. 3256-3270, Nov., 1923 .)—The assumption 
that, even in concentrated solution, sulphuric acid exerts no vapour 
pressure, the vapour consisting solely of water, is not warranted, since 
filter-paper becomes charred when kept for several months over the 
concentrated acid in a desiccator. It is now shown, indeed, that 
the partial pressure of the acid is measurable at temperatures above 200° 
when the concentration of the solution exceeds 85 per cent. By means of 
a dynamical method the partial pressures of the acid vapour over sulphuric 
acid-water mixtures containing from 86 to 99 -6 per cent, of the acid have 
been measured at temperatures ranging from 160° to 260°. The results 
obtained show that the partial pressures may be represented with consider¬ 
able accuracy, except at the highest temperatures, by the expression, 
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log p = a + pT + yT* + etc., or log p = a - | - £ - etc. The equation 

given by Lehfeldt (Phil. Mag. 40. p. 402. 1895) to express the relationship 
between the total vapour of a mixture and the vapour pressures of the 
constituents is not valid for concentrated solutions of sulphuric acid in 
water. Dissociation of the acid occurs at temperatures above 220°, the 
degree of dissociation calculated for 250° being 0 09. 

The value of the latent heat of vaporisation of sulphuric acid is calcu¬ 
lated from the experimental results obtained, and an attempt is made, 
but with only partial success, to account for the abnormally high values 
obtained at temperatures above 230° by the introduction of the heat 
effects due to the dissociation of the acid. T. H. P. 

899. Temperature of Vapour from a Solution. O. Knoblauch and H. 

Reiher. (Zeits. techn. Physik. 4. 11. pp. 432-433. 1923.)—Prom experi¬ 
ments which are described the authors conclude that, contrary to the 
recent deductions of K. Schreber, the temperature of the vapour from a 
solution is the same as that of the solution. G. A. S. 

900. Temperature of Vapour from a Solution. F. Pollltzer. (Zeits. 

techn. Physik. 4. 11. pp. 433-434. 1923.)—A theoretical argument to 
show that the contention that the temperature of the vapour from a 
solution is below that of the solution is in contradiction to the second 
law of thermodynamics. G. A. S. 

901. Temperature of Vapour from a Solution. K. Schreber. (Zeits. 

techn. Physik. 4.11. pp. 434-436.1923.)—Contends that F. Pollitzer’s argu¬ 
ment overlooks the fact that the surface of a solution is a semi-permeable 
membrane and that an osmotic pressure exists at it which demands a 
discontinuity in temperature. But for this pressure it would, as Pollitzer 
argues, be possible to obtain mechanical work by drawing heat from the 
solution. The results obtained by O. Knoblauch and H. Reiher are 
probably due to heating of the thermometer bulb by radiation from the 
surrounding tube which is in contact with still air heated by an oil jacket. 
The only objection raised against the author’s experimental arrangements. 
viz. the possibility of emergent stem error in his thermometer, is elimi¬ 
nated by a rearrangement of the apparatus in which the stem is kept at 
a higher temperature than the solution. The registered temperature is 
still 100° C. G . A. S. 

902. A Determination of the Vapour Pressures of Casium and Rubidium, 
and a Calculation of their Chemical Constants. D. H. Scott. (Phil. Mag. 
47. pp. 32-50. Jan., 1924.)—A modification of Haber's vibrating quartz 
fibre manometer [Abstract 234 (1915)] has been employed in the deter¬ 
mination of the vapour pressures of ca?sium and rubidium between 
60° and 130° C. With this instrument an observation is made of the time 
T taken for the amplitude of vibration in the gas or vapour concerned to 
diminish from 60 scale divisions (about 0-63 mm.) to 40. This time T is 
connected with the vapour pressure p by the relation b = TfSpM 1 / 2 + a) 
where a and b are constants determined by calibration against a McLeod 
gauge, and M signifies molecular weight. A check determination of the 
vapour pressure of mercury was first carried out, giving a mean value of 
0*00130 mm. at 20° C. In the case of caesium and rubidium it was found 
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that a linear relation existed between log p and 1/T over the range 
50°-130° C. The results can be represented by log p = 7 -256 — 3753/T 
for caesium, and log p = 7-331 — 4209/T for rubidium. From the figures 
obtained the chemical constants of the two metals were calculated and 
found to be in agreement with the formula C = 1 - 5 log M + C 0 , where C 
is the chemical constant, M the molecular weight and C 0 the " absolute 
chemical constant." The values obtained for C were 1-64(0) ± 0-16(4) 
for caesium and 1-36(6) ± 0-18(4) for rubidium. The value of Trouton’s 
coefficient A tb /T b where A is the molecular latent heat and T B is the 
boiling-point is also calculated, giving 18-2 for caesium and 19*9 for 
rubidium. T. B. 

903. The Vapour Pressure of Cadmium and its Alloys with Zinc. A. C. 

Egerton and F. V. Raleigh. (Chcm. Soc., J. 123. pp. 3024-3032, Nov., 
1923.)—The vapour pressures of molten cadmium and zinc alloys have 
been measured at two temperatures. Raoult’s law is found to rule. 
Measurements of the vapour pressure of cadmium are critically studied, 
and the value for the chemical constant of cadmium has been confirmed 
and agrees closely with the theoretical value. E. G. 

904. Vapour Pressure of Nitric Oxide. H. Goldschmidt. (Zeits. f. 

Pliysik, 20. 3-4. pp. 159-165, 1923.)—Measurements on the vapour 
pressure of nitric oxide have been made by Atwcntowski (Anz. d. Akad. 
d. Wissensch., 1909. S. 142). Some of these showed such large irregularities 
that the present author has repeated the experiments. The results are 
given in tables and compared with calculations from Nernst’s vapour- 
pressure formulae. Atwcntowski used two Stock thermometers [Abstract 
662 (1907)] filled with NO and placed in a thermostat. The author used 
Stock thermometers of the Siemens type [Abstract 269 (1914)] which have 
the advantage that they can be closed by fusing. The thermometers were 
placed in a metal thermostat of the Henning type [Abstract 1800 (1921)], 
the temperature of which was read by a platinum resistance thermometer 
and by a methane-filled Stock thermometer, these temperatures being 
read immediately before and after the reading of the vapour pressure. 
Vapour pressures were measured from -151°C. to - 174° C. From the 
vapour-pressure formula, the boiling-point of NO is - 151-13° C. and the 
critical point -163-21° C., the vapour pressure at the latter point being 
170-2 mm. Atwentowski concluded from his measurements that the 
vapour of NO was strongly associated. The present author shows that 
this cannot be the case, but that the liquid NO is strongly associated. 
This is confirmed by the value of Trouton’s constant, which is found to 
have the value of 26 -1 instead of the normal value 22. Finally the latent 
heats of evaporation and fusion are calculated with the help of the Clausius- 
Clapeyron equation. T. B. 

905. The Molecular Association of Liquids and Highly Compressed 
Gases. Parts I and II. E. E. Walker. (Phil. Mag. 47. pp. 111-126, 
Jan., 1924.)— Part I. Molecular Association at the Critical Point.— Van 
der Waals’ equation is known to be inaccurate at the critical point, and 
for this and other reasons the following modified equation has been used 
by Dieterici and others : (P + a/V5/3) (V — 6) = RT ... (1). It is 
much more accurate than van der Waals’ equation at the critical point, 
but fails for gases at moderate pressures. Here V represents the volume 
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of a gramme-molecule. If the substance is associated. n c V may be substi¬ 
tuted for V. n e being the association factor at the critical point. Solving 
for n e , we get n c = 4RT r /l6P t V c . . . (2). The critical coefficient 
RT t /P c V c is. however, not quite constant even for the paraffins where 
n c is considered to be unity. The author shows that this critical coefficient 
is a function of the length of the molecule in the case of the saturated 
paraffins and also some other normal substances. If this function be 
introduced, then (P + a/(»i,V)5/S) („,V - b) = RT x 1 //(/) . . . (3). and 
we get n e = (4RT f /15P f V,) x 1 //(/). where •/(/) = 0-838 + 0-174 log /. 
the latter value having been chosen so that n t is approximately unity for 
the saturated paraffins. Making use of these relationships, the association 
factors of a large number of substances at the critical point have been 
calculated. The values obtained are reasonable from the point of view 
of the general properties of these substances. 

Part II. The Influence of Molecular Association on the Critical Con¬ 
stants .—Equation (3) above has been shown to be very nearly accurate 
at the critical point. If the molecular attractive power " a ” and the 
molecular volume " b ” were strictly additive quantities their values for 
double molecules would be 2a and 2b. This is not the case, however, 
especially in the case of b in very small molecules such as hydrogen and 
methane. These divergences are shown by the present author to be 
representable as a function of the molecular length. For a and b in equa¬ 
tion (3) the following expressions arc substituted : a = a X [/(/)] 2 / 3 , 
b = p X /(/) X /'(/). where/(/) = 0-838 -f 0-174 log/, and/'(/) = 12-2//3. 
As a and f$ arc now very nearly additive it is possible to write 2a and 
for double molecules. The results of calculations on this basis arc found 
to be in good agreement with existing experimental data. T. B. 

906. The Existence in Mature of Processes which may be Considered as 
Cases of Perpetual Motion of the Second Class, and Some of the Consequences. 
R. v. Dallwitz-Wegner. (Zeits. techn. Physik, 4. 11. pp. 408-418, 
1923.)—In this paper the author attempts to show that there are many 
cases of the conversion of heat into work to which the second law of 
thermodynamics does not apply and in which the conversion ratio is 
equal to unity. As examples, he takes the case of any water-motor 
and of the water in the atmosphere. T. B. 


907. The Physical Significance of van der Waals’ Equation. J. H. 
Jeans. (Chem. Soc., J. 123. pp. 3398-3414, Dec.. 1923. The van der 
Waals Memorial Lecture.)—An epitome of the work that lead up to the 
enunciation of van der Waals’ equation and the " law of corresponding 
states.” The significance of the constants a and b is discussed both in 
the light of van der Waals’ knowledge and of modern theory, and further 
attempts, such as the equations of state due to Dieterici and Clausius are 
reviewed. The quantity b appears to have the significance originally 
given to it and it is pointed out that the apparent rigidity of molecules, 
known to be invertebrate structures of electric charges, is inevitable on 
quantum considerations. The quantity a is given a statistical interpreta¬ 
tion rather than that of a general molecular attraction as deduced by 
van der Waals from the Joule-Thomson effect. -A. Wh. 


908. The Value of ”6” in van der Waals' Equation. W. Herz. (Zeits 
Elektrochem. 29. pp. 527-630, Nov., 1923.)-—There should be a propor- 
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tionality between & K and M /d K (where M = mol-weight and d K = critical 
density), but this does not appear to have been investigated. The 
recent appearance of a new edition of Landolt-Bomstein’s tables and the 
experimental investigation on critical data undertaken by the author 
in conjunction with E. Neukirch (1923) gave him an opportunity to inves¬ 
tigate the above-mentioned ratio. The calculation of b K was made from 
the expression b K = RTk/ 8/> k - The data used for ozone were those 
obtained by E. H. Riesenfeld [Abstract 1671 (1923)]. The author has 
compared d K with M/<*k for 72 substances, and finds that 6 k/M/<*k is in 
general constant, and has an average value of approximately 2 16. Fifty- 
eight of these substances have values between 2 0 and 2*4. Eight sub¬ 
stances, viz. hydrochloric acid, acetonitril, acetic acid, methyl and ethyl 
alcohols, water, nitric oxide, and ammonia, have very low values. These 
are all associated liquids, but acetone (also an associated liquid) gives a 
normal value. Neon, hydrogen, and helium give very high values. The 
value of the ratio for the inert gases is just over 2, with the exception of 
neon, where the value is about 2- 6 and both b K and M /d K have abnormally 
low values. In homologous series of organic compounds M /d K increases 
with the molecular weight and somewhat more rapidly than b k- 
Finally the author calculates M/<f 0 -j- b 0 where d 0 = density at abs. zero 
and b 0 the corresponding value of 6. making use of van Laar’s relation 
bKjb 0 = 2y where 2y — 1 *=« 0*038v^T K , and tabulates the results for 
about 26 substances. The ratio is fairly constant. T. B. 

909. On a Supposed Limitation of the Second Law of Thermo¬ 
dynamics. E. E. Witmer. (Phil. Mag. 47. pp. 152-159. Jan., 1924.) 
—It was shown by Fairbourne [see Abstract 2110 (1922)] on 
certain assumptions, that if a vessel of suitable shape, e.g. a truncated 
cone open at both ends, be immersed in a gas where the mean free 
path of the molecules is large compared with the dimensions of the 
vessel, the molecules will pass through the vessel in one preponderating 
direction. This result would be contrary to the second law of thermo¬ 
dynamics. A fallacy in the reasoning is pointed out by the present author. 
In the course of the argument, which is carried out in two dimensions, it 
was assumed that at any point O in the face of the vessel *' molecules will 
enter equally in all directions throughout 180°.” The term "point" 
in this assumption is misleading, as strictly speaking it is an element of 
length. Let dx be an element of length, OP the normal directed toward 
one side, and 9 the angle between any direction and OP. Then if dn is 
the number of molecules crossing dx in directions included between 9 
and 9 + d9 in a time dt, then dn = N cos 9dxd9dt where N is a constant. 
The false assumption made by Fairbourne is equivalent to the omission of 
the factor cos 9 in the above equation. It is then shown that the same 
number of molecules pass through the vessel upwards as downwards, this 
number being (for the vessel considered by Fairbourne) 4N adt, where 
a = height of vessel = half diameter of the narrower opening. A general 
proof is also given which applies to any two-dimensional vessel ABCD, 
where AB and CD are sides of the vessel, AD and BC being open. T. B- 

910. The Entropy of Diatomic Gases and Rotational Specific Heat. 
R. C. Tolman and R. M. Badger. (Am. Chem. Soc., J. 45. pp. 2277- 
2285, Oct., 1923.)—The entropy of a diatomic gas at temperatures 
high enough for the specific heat at constant pressure to have reached 
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7 R/2 is given by the quantum theory as (7/2) R log, T + I< log,/> 
+ 3/2R log,M + R log. J + S 2 . where T, p. M. J are temperature, pressure 
molecular weight, and moment of inertia, and So is a constant whose value 
it is the object of the paper to discuss. The calculations arc based on the 
assumption that the entropy can be expressed as the sum of that which 
a perfect monatomic gas would have, together with that due to the 
. _ 5R 

excess of C p over — from absolute zero upwards. The latter part is 


shown to be 


-f-£ 


log Q . rf (log a), where Q = €p m e~ mia and 


° ~ SJJSjjfrY* ,n Pm * s t,ie priori probability of the " with ’* 

quantum state and the summation is over all possible rotational states. 
This integral is evaluated for six suggested values of p m , and is found 
to give values differing by only 5 % at the extremes, so that experimental 
decision between the theories is extremely difficult. The authors’ attempt, 
however (taking the moments of inertia chiefly from the infra-red spectra),’ 
to compare the experimental values of entropy with those calculated by 
the six formula; developed, and come to the conclusion that the value 

of S 2 is most probably + R + R log a value given independently 

by three of the six assumptions as to p m . including Tolman’s own sug¬ 
gestion that the lowest possible azimuthal quantum number is $. E. G. 


911. On the Thermodynamics of the Ionisation of Monatomic Gases. 
R. Becker. (Phys. Zeits. 24. p. 485; Disc.. 485-486. Nov. 1-15, 1923. 
Paper read before the Deut. Physikertag., Bonn, Sept., 1923.)—When a 
gas is heated to a sufficiently high temperature, its atoms are partly in 
a variety of dynamic states, and partly ionised by complete separation of 
an electron. The present considerations are restricted to the activity of 
one electron, conditions which are realised with H atoms and the vapours 
of alkali elements. This notice contains a brief summary of the complete 
account given in the Zeits. f. Physik [see Abstract 575 (1924)] together 
with an abstract of the discussion which followed the reading of the paper. 
In the latter, Ornstein discussed the uncertainty of quanta statistics, 
Herzfeld the possible orientations of the atomic axes. Born the evapora¬ 
tion of hydrogen and the splitting off of an electron together with the 
difficulty that the sum of the quantum weights does not converge, Einstein 
the process of derivation of the final formula, and Nemst the validity of 
deduction solely from statistical considerations without application of 
his heat theorem. H. H. Ho. 
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912. Velocity of Sound in Free Air. A. McAdie. (Astron. Obs. of 

Harvard College Annals. 86. 2. pp. 107-117, 1922.)—The results obtained 
from various investigations of the velocity of sound are summarised, and 
variations due to temperature, pressure, humidity, turbulence, and wind 
are discussed. Values obtained from observations at Blue Hill Observatory 
at different temperatures and humidities are given. A. W. L. 

913. Velocity of Sound in Moist Air. W. R. Barss and J. E. Bastille. 

(Math, and Phys. J. Massachusetts, 2. pp. 210-215, Dec., 1923.)—Values 
arc found by a resonance method for the velocity of sound in air at ordinary 
pressure and about 20° C.. of humidity varying from 0 to 100 per cent., 
and arc in good agreement with those calculated from the usual theory, 
assuming that neither the isothermal elasticity nor the ratio of the specific 
heats varies appreciably with the humidity. G. A. S. 

914. Action of Sound-Waves on a Resonating Membrane. E. Meyer. 

(Ann. d. Physik. 71.8. pp. 567-590. June 19. 1923.)—The mutual action 
of the sound-waves and the membrane investigated ; the damping of 
the membrane calculated ; photographic work. Asymmetries investi¬ 
gated. Quantitative data. A - D. 

915. Acoustical Powers in Absolute Units. P. E. Sabine. (Phys. 
Rev. 22. pp. 303-312. Sept., 1923.)—The late W. C. Sabine showed how 
the rate of energy emission of a source of a given pitch could be determined 
in terms of the minimum audible energy density for that pitch. Using 
this method, and ascertaining for a particular observer the minimum 
audible energy densities for various pitches by Kranz’s method, values 
are found for the acoustic output in absolute units of various sources. 
No great degree of precision is claimed for these values, but, in view of 
the great intrinsic difficulties involved in absolute acoustic measurements, 
even roughly approximate values are desirable. The power of a violin- 
cello when bowed strongly varies from 1000 ergs/sec. at a frequency of 
128/sec. to about 10 ergs/sec. at 650/sec. A good violin gives a fairly 
uniform output of 600 ergs/sec. for frequencies from 192 to 1300/sec. 
An inferior violin gives a much lower output. Results are also given for 
23 organ pipes of pitches ranging from 129 to 3687/sec. For twelve 
different vowel sounds intoned by a masculine voice at approximately 
the loudness of ordinary speech and at a frequency of 128 /sec. the output 
of the fundamental was found to be practically constant at 55 crgs/sec.. 
The vowels ah, aw, 6 and oo have predominating overtones of respective 
pitches 870, 460, 410 and 330/sec. The corresponding outputs are 225, 
200, 32, and 10 ergs/sec. respectively. Some results for a feminine voice 
are also given. Here the pitch for the fundamental of oo rose from 258 
to 326 as the loudness was increased to three times conversational. 

G. A. S. 

916. Critical Frequency of Pulsation of Tones. Mollie Weinberg 
and F. Allen. (Phil. Mag. 47. pp. 50-62, Jan.. 1924.)—The successful 
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application of the principle of the persistence of vision, or the critical 
frequency of flicker, to the study of problems of colour vision suggested 
the probable value of the analogous principle of the persistence of audition 
to the solution of problems of the perception of sound. It is here shown 
that the method in question is capable of extension to some of the 
phenomena of physiological acoustics. [Sec Abstract 1197 (1919).] 

The experimental arrangements were similar to those used in the work 
on colour vision. The source of sound was a Stern ton variator (a simple 
K6nig resonator with a movable bottom like a piston) placed inside a 
box lined with very soft thick felt, through which at a suitable place a 
hole was cut. The tonvariator was blown by a stream of air from a large 
constant-pressure tank. The periodic interruption of the continuous 
sound into separate pulses was effected by the rotation of a motor-driven 
light aluminium disc with four symmetrically placed holes of the size of 
that in the box. A speed counter and a clock beating half seconds served 
to compute the speed of the disc and hence the critical frequency of 
pulsation, or flutter, of the sound when it became just continuous to 
the ear. The experiments fall into ten sets each at a specified pressure, 
these values varying from 1*25 cm. to 2-40 cm. Each set has a number 
of frequencies from about 142 per second to about 280 per second. The 
duration of the sound just to lose the sound of pulsation or flutter is found 
for each frequency and varies from 0 0127 sec. for lowest pressure and 
highest frequency to 0-0215 sec. for highest pressure and lowest frequency. 
These results arc shown in graphs, the critical duration being plotted 
against frequency, a separate graph being used for each pressure (which 
has been shown by Love and Dawson to be proportional to the in¬ 
tensity of sound emitted [Abstract 14 18 (191 9)]. The law which seems 
to fit the graphs is written D «= K/ V log N + C. Where D is critical, 
duration of sound of frequency N, K, and C being constants. In colour 
vision Ferry (1892) found for the flicker duration D ■= 1/(K log L) where 
L is the luminosity ; and Porter (1902) found 1/D = K log L -f C ; K and 
C being constants as before. On testing the ears of a number of observers 
the slopes of the graphs were found to be very nearly the same. E. H. B. 

917. Effect of Aural Fatigue on Critical Frequency of Pulsation of 
Tones. Mollie Weinberg and F. Allen. (Phil. Mag. 47. pp. 126-141, 
Jan., 1924. Paper read before the Roy. Soc. Canada, May, 1922.)—This 
work is concerned with the effects of fatigue upon the persistence of 
audition, or the duration of the tone at the critical frequency of pulsation 
or flutter. The results throw light upon some phenomena of acoustics, 
and also upon the probable structure of the aural mechanism, by means 
of which tones are perceived and differentiated from each other. The 
apparatus used is that described in the preceding abstract. For fatiguing 
the ear, another tonvariator was used similar in all respects to that in 
the sound-proof box. Two methods were used, one the converse of the 
other, the results from each being of a confirmatory nature. The first 
method consisted in fatiguing the ear (for two minutes) with a tone of 
constant frequency and taking measurements over a range of about fifteen 
above and below the fatiguing frequency. The second method consisted 
in taking measurements on a tone of constant frequency, and varying the 
fatiguing stimulus over a similar range of about thirty vibrations per 
second. It is found that when the fatiguing tone agrees in frequency 
with that under measurement the fatigue is a maximum. When the 
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frequency of the fatiguing tone is about eight per second above or below 
that under measurement, the fatigue effect is evanescent. The experi¬ 
ments show that, as a result of fatigue, the persistency of sound impressions 
is greatly increased. The fatigue effect is marked for only a very few 
vibrations on each side of the maximum. The general nature of the fatigue 
curve is the same for each frequency. 

These results of aural fatigue are susceptible of explanation by assuming 
the existence of a resonance mechanism in the ear. Indeed the fatigue 
curve is of the same type as the Helmholtz response curve as shown in 
this paper by plotting the two on the same diagram for comparison. 

E. H. B. 


918. Effect of Fatiguing the Ear with Combinations of Two or more Tones . 
Mollie Weinberg. (Phil. Mag. 47. pp. 141-151, Jan., 1924. Paper 
read before the Roy. Soc. Canada. May, 1923.)—In these experiments the 
apparatus used for the two previous researches [see preceding abstracts] 
was modified by enclosing the upper part of the tonvariator in a 
box made of pressed fibre, a material which (if a quarter of an inch thick) 
Watson had shown to be incapable of transmitting more than about 
one-tenth of one per cent, of the sound. On fatiguing the ear by a single 
tone it was shown before that the result could be expressed by super¬ 
posing a fatigue curve on the slightly sloping graph coordinating duration 
of pulsations and frequency. When the ear is now fatigued by two (or 
more) tones, the results are similarly expressed by superposing two (or 
more) fatigue curves on the graph for the unfatigued ear. When, however, 
the two (or more) fatiguing tones are brought nearer together in respect 
to frequency the two separate fatigue curves, at a certain stage, begin to 
coalesce, leaving but a shallow trough between them ; till finally the two 
(or more) crests of the curves coalesce and show but a single peak. 

It is concluded that the results of this work support the theory formu¬ 
lated by Helmholtz, that tones are perceived and differentiated from each 
other by means of a resonance mechanism which exists in the internal ear. 

E. H. B. 


919. Tinnitus and Nerve Deafness. J. P. Minton. (Phys. Rev. 22. 
pp. 506-509, Nov., 1923.)—Patients suffering from tinnitus, or ringing 
in the ear, show a marked decrease in sensitivity for the range of frequency 
of the subjective tones. Within this range, but not outside it, there is a 
decided masking effect. Tinnitus is associated with nerve lesions. These 
results, therefore, and certain simple experiments with tuning-forks, 
indicate that the conclusions of Wegel and Lane on the masking of objec¬ 
tive tones may not be correct, and that the disturbance is in the nerve 
system and not in the mechanical system of the inner ear. [See Abstract 
2231 (1923).] G. A. S. 


920. Electrical Apparatus for the Deaf. C. M. R. Balbi. (El. Rev. 94. 
pp. 87-89, Jan. 18, and pp. 149-150, Jan. 25, 1924.)—Sound waves im¬ 
pinging on the tympanum of the ear (outer ear) set up vibrations which 
are communicated by a link-work (middle ear) to the inner ear, where the 
mechanical energy is transformed into nervous energy. If the inner ear 
is sound and the reception and transmission mechanism are only slightly 
impaired a simple microphone and receiver, with amplification about 
30/will be effectual in enabling ordinary sounds to be heard. A double 
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set with two microphones about 8* apart and two receivers makes location 
of a given sound easier. When the transmission mechanism is so far 
impaired that such an instrument is ineffectual the attempt to enforce 
hearing by producing louder sounds only tends to increase deafness and 
set up irritation. The inner ear must be stimulated through some other 
channel. A small simple instrument weighing four or five ounces is de¬ 
scribed by which sound vibrations can be transmitted to the inner ear 
through the bones of the head. Used with a powerful amplifier it enables 
very deaf persons to hear perfectly. For the less acutely deaf a powerful 
loud-speaker, which is described, has also been used. Deafness due to 
defects of the inner ear cannot be overcome bv any electrical method. 

G. A. S. 

921. Acoustics of the Pianoforte. Part I. S. K. Datta. (Indian 
Assoc, for Cultivation of Sci., Proc. 8. 2. pp. 107-116. 1923.)—C. V. Raman 
and B. Banerji obtained the pressure of a rigid hammer on a string by 
regarding the motion during impact as that of a loaded string. P. Das 
obtained the solution by the functional method of Kaufmann considering 
the discontinuous changes in the pressure of the hammer due to the succes¬ 
sive reflections of the impulse from the ends of the string. This line being 
similar to that given by Love for the longitudinal vibrations of a rod 
struck at the end. By this method the amplitudes of the different har¬ 
monics can be determined from the forces. In the present paper these 
amplitudes arc calculated from the equation and then compared with 
those found experimentally by measurement with a microscope. The 
very close agreement between the observed and calculated values is a 
good confirmation of the equation. The observed values arc always less 
than the calculated ones, as should be the case, since in P. Das's theory 
no account is taken of dissipation of energy, yet some must occur. The 
paper includes two tables and three graphs. The striking points dealt 
with are one-ninth and one-tenth, and the first ten partials are treated 
in each case. [See Abstract 1674 (1922).) E. H. B. 

922.. Variable Acoustic Wave Filter. G. W. Stewart. (Phys. Rev. 
22. pp. 602-605, Nov., 1923.)—An extension of earlier work [see Abstract 
346 (1923)] indicates that if the size of the orifice leading into the side 
tube is altered, the upper limiting frequency should change while the lower 
limiting frequency remains constant, thus changing the width of the band. 
The orifice is readily changed by introducing a cylinder of paper with 
suitably punched holes. Experimental results confirm the prediction as 
to the lower limit and give for three different orifices upper limiting fre¬ 
quencies of 455, 390, and 340 per sec., the corresponding theoretical values 
being 610, 440, and 385 respectively. . G. A. S. 
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ELECTRICITY AND MAGNETISM. 

THEORY, ELECTROSTATICS. AND ATMOSPHERIC 

ELECTRICITY. 

923. Mutual Mass of Two Electrons. E. Persico. (Accad. Lincei, 

Atti, 32. ii. pp. 280-286, Nov. 10. 1923.)—Silberstein [Abstract 505 (1911)] 
calculated the mutual mass of two moving charged spheres for the case 
where they are wholly external to one another, and where the one is 
inside the other. The mutual mass is a supplementary term, ±, to be 
added to the simple sum of the two electromagnetic masses. Calculating 
from mass = energy /c-, different results arc obtained. But, the author 
shows, these results can be harmonised by assuming that the external 
force does not exactly balance the electromagnetic force with which the 
field of the two charges reacts on the charges themselves. A. D. 

924. Electrostatic Fields of Gauzes and Diaphragms. A. Walther 

and Lydia Inge. (Zeits. f. Physik. 19. 3. pp. 192-205. 1923.)—Experi¬ 
mental confirmation of Semenoff’s conclusions (Abstract 124 (1924)] that 
there is a source of error in assuming that electrons come to the same 
potential as the gauze. The error may amount to 1 per cent, with gauzes, 
but is much smaller with diaphragms. ' A. D. 

DISCHARGE AND OSCILLATIONS. 

925. Effect of the Gauze tn the Franck Modification of the Rutherford 
Alternating-Current Method for Measuring Ionic Mobilities. L. B. Locb. 
(Frank. Inst. J. 196. pp. 771-778. Dec., 1923.)—In a previous paper 
[Abstract 597 (1924)] it was shown that the apparent mobility of the 
negative ions, as given by the Franck modification of the Rutherford 
alternating-current method varied through large limits as the auxiliary 
field strength G was varied. It was further shown that the magnitude 
of this effect indicated rather an instrumental effect of the gauze than a 
change in the nature of the ion with time. It is the purpose of this paper 
to show just how this instrumental effect of the gauze must change the 
value of the mobility found by its use. An extensive series of measure¬ 
ments is made on the mobilities of the ions changing the values of the 
auxiliary field G, the value of the alternating field at which the ions just 
cross E 0 , and the frequency of the alternating field, but maintaining all 
other conditions the same. * The results obtained are summarised as 
follows : For E 0 /G = A less than unity the mobility of the ions lies 
above 2 15 cm./sec., and increases slowly as A is decreased to a value of 
2-35 cm./sec. at A = 0 08. For A greater than unity the mobility lies 
below 2-15, and decreases almost linearly as log 10 A increases down to a 
value of 1 • 66 at A = 55-0. At values of A about unity the mobility 
curves make sharp intercepts with the voltage axis. As A decreases they 
remain fairly well defined, except at the lowest values of A used where 
there is a distinct tendency for these intercepts to develop asymptotic 
feet., As A increases the intercepts become rapidly more and more 
rounded until at the point where A = 55 it becomes almost impossible to 
pick a definite intercept of the mobility curve with the axis. For high 
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values of G the current docs not fall to 0 below E 0 , but attains a constant 
value equal to the current observed when E is 0. The magnitude of this 
current increases as G increases. For lower values of G the ion current 
falls to 0 below E 0 and remains there. At the lowest values of G the current 
below E 0 reverses in sign and increases in magnitude as G decreases. 
The reversed current is in all cases small compared to the currents in the 
opposite direction observed with a large G. if the max. possible current 
to the electrometer plate at a fixed field strength E is designated as 1 0 . 
and the average current in a time T as I. then it is found on comparing 
the computed and observed I/I 0 curves for different values of A that for 
values of A greater than unity the observed curves fall markedly below 
the computed ones, while for values of A below unity the two curves 
coincide in a satisfactory manner except for the lowest values attained, 
where the observed curves rise very slightly above the computed ones. 
In the extreme case A = 87. the observed I/I 0 is only one-third the com¬ 
puted curve; this is because with the relatively high alternating field only 
a fraction of the ions that are available reach the field E. and hence the 
upper plate. An explanation of these effects is made on the assumption 
that a phenomenon occurs which has been found to occur in the use of 
gauzes or grids in other experiments, viz. the penetration of fields 
through the gauze. It is pointed out that when the value of A approaches 
unity the conditions are essentially fulfilled for determining the true 
value of the mobility of the negative ions, for under these circumstances 
the computed and observed I/I 0 curves coincide. The value of the 
negative ion mobility obtained at this point lies close to 2-20 cm./sec., 
which agrees with the value found for the negative ions without the use 
of the gauze. A. E. G. 

926. The Velocity of Thermions from Alkaline Earths. M. Rdssiger. 

(Zeits. f. Physik, 19. 3. pp. 167-191. 1923.)—Mathematical and experi¬ 
mental study of the movement of electrons between a glowing filament 
and a co-axial cylindrical anode under the influence of an accelerating 
potential-difference and a magnetic field parallel to the axis. In four 
series of experiments of different type the accuracy of Maxwell’s law for 
distribution of velocities was confirmed for thermions from BaO, SrO, 
CaO. A D - 

927. The Thermionic and Photoelectric Properties of the Electro-Positive 
Metals. A. F. A. Young. (Roy. Soc.. Proc. 104. pp. 611-639. Dec.. 
1923.)—The magnitude of the purely thermal emission of electrons from 
the alkali metals has not been fully determined as yet. In Richardson's 
work on the emission from sodium [sec Abstract 1489 (1904)) the conditions 
were such that there was a considerable evolution of gas in the apparatus 
during the heating, and the currents obtained showed no approach to 
saturation. Fredenhagen's work is briefly summarised, in which the 
conclusion was drawn that the observed currents were not due to the 
metal itself, but to some gas which could be partly removed by repeated 
distillation of the metal. Fredenhagen also concluded that the gas was 
probably hydrogen, although he had no direct proof. In the present work 
a fresh attempt is made to determine the magnitude of the thermionic 
emission from the alkali metals. Observations have also been made on 
the photoelectric emission with regard to the threshold frequency. The 
experimental arrangements are very fully described. Sodium was found 
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not to give a measurable thermionic emission (i.e. greater than JO -10 amps.) 
for temperatures up to 390° C. Potassium was found to give currents 
measurable in some cases by an electroscope at temperatures down to that 
of the room. The currents are believed to be of thermionic origin, and 
not due to chemical reaction. The values of b for potassium in the emission 
formula, i = A I €Tle~^ r , were found lower than any others, yet obtained 
with other metals, and the values of were also low. The change of 
state of the potassium from solid to liquid or vice versa made no difference 
in the magnitude of the thermionic current, or in the value of the constant 
b. Determinations of the photoelectric work function <f>Q from photo¬ 
electric measurements, made at the same time as the thermionic measure¬ 
ments and at nearly the same temperature, showed that <j> 0 was always 
a good deal greater than the thermionic work function <j> calculated from 
the values of b. Richardson has suggested as an explanation of this 
difference that the thermionic current comes chiefly from those parts of 
the surface which have the smallest value of the work function, while the 
photoelectric current is more evenly distributed over the whole surface, 
a measurable amount coming also from those parts which have the higher 
values of the work function. This theory is the subject of further 
measurements. H. H. Ho. 

928. A New Photoelectric Effect. Reflection of Electrons Induced by 

Light. I. Langmuir. (Science, 58. pp. 398-400. Nov. 16, 1923.)—A 
study of some vacuum tubes containing ca^ium vapour has shown a 
peculiar photoelectric effect. The action of white light on an adsorbed 
film of caesium on nickel seems to cause this surface to reflect elastically, 
electrons which are made to impinge on it. The number of electrons 
then can be thus reflected is found to be proportional to the intensity of 
the light. Experimental details are given with data. A sharp distinction 
between the new photo effect and the normal cfTect is that the former 
disappears entirely if a piece of red glass is interposed in front of the 
light source. It is probable that the effect is mainly due to light having 
a wave-length of about 5300 A. (blue-green). A similar activation of a 
nickel surface causing electron reflection has also been found in connection 
with some measurements of the distribution of velocities of electrons in 
the positive column of the mercury-arc. by the method of measuring 
positive ion currents (Science, 58. 290, 1923). By introducing high-speed 
electrons (40 volts) into the mercury arc by means of a heated negatively 
charged tungsten filament, it was found that the ability of a small collecting 
electrode (1 sq. cm. area) to take up low-speed electrons was greatly 
impaired. H. H. Ho. 

929. Motions of Electrons in Gases and the Formation of Negative Ions 
in Air. L. B. Loeb. (Phil. Mag. 46. pp. 1088-1089. Dec., 1923.)—This 
is an answer to the recent note of V. A. Bailey [see Abstract 2242 (1923)] 
commenting on the writer’s work reported in 1921 [see Abstract 984 (1922)3- 
It is claimed that the writer did not use the method termed by Bailey the 
" Franck modification,” which involves the use of an alternating current 
of sinusoidal form. As the result of more careful measurements, using 
the square wave oscillations, it is now considered an open question whether 
the rigorous form of the Thomson theory is correct or not. It is agreed 
that the use of sinusoidal alternating potentials of high frequency for 
the measurement of electron mobilities is unsatisfactory, but that up to 
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the present that method has furnished the only means of estimating tlie 
electron mobilities in most gases above 100 mm. pressure. A. L. (i. 

930. Motion of Electrons in Gases. V. A. Bailey. (Phil. Mag. 40. 
pp. 1090-1091, Dec., 1923.)—A reply to Loeb’s note [see preceding 
abstract]. As Loeb used high-frequency oscillations from an audion 
oscillator which involves the use of an alternating current of sinusoidal 
form, the objections he raises towards the writer’s statements as to the 
methods employed by Loeb do not appear well founded. The statement 
of Loeb that electron " mobilities ” by means of sinusoidal alternating 
potentials has up to the present furnished the only means of estimating 
eleefron mobilities in most gases above 100 mm. pressure is objected to. 
and Townend’s method involving the magnetic deflection of a stream of 
electrons moving in a uniform electric field is cited as another method. 

A. E. G. 

931. Electro-Sensitive Lamina. G. Piaggesi. (N. Cimento, 26. 

pp. 45-67, July-Aug.-Sept., 1923.)—Prati (L’Arduo, June 1921, Bologna) 
found that films of colophonium were altered by the impact of ions, so 
that electric shadows could be produced. The author has prepared a 
variety of more sensitive films by oxidation of oils. etc. The shadows 
produced demonstrate the mutual repulsion of homonomous lluxes of 
ions. A. D. 

932. Variations of Thermionic Current in Hydrogen at Low Pressure. 

M. Laporte. (J. de Physique ct le Radium, 4. pp. 370-375, Oct.. 1923.) 
—The apparatus used was a quartz tube with central tungsten filament 
surrounded by a molybdenum cylinder. The tube was evacuated and 
washed out many times with pure dry hydrogen, while the filament was 
kept incandescent. Experiments were carried out for a pressure range 
from IQ -4 to 0-8 mm. of mercury. Different results were obtained for 
potentials less and greater than the ionising potential of hydrogen. With 
small potentials, e.g. 7 volts, the electronic current between filament and 
anode is greatest for the highest vacuum and falls as the pressure increases 
at higher voltages than the ionising potential, e.g. 18 volts, the current 
increases at first slowly with the pressure, then jumps, and afterwards 
decreases. For intermediate voltages a whole series of intermediate 
curves ma/be obtained. From these it is possible to select the pressure 
conditions which will result in the commencement of ionisation being as 
sharply marked as possible. Theoretical considerations, with certain 
assumptions, lead to the conclusion that the most favourable pressure is 
such that the mean free path of the electron is equal to the distance from 
the filament to the surrounding cylinder. Calculation for the apparatus 
used gave a value of 0-17 mm. of mercury for the most favourable pressure, 
but experiment gave the value 0-08 mm. A. W. 

933. Ionisation ; Quinine Sulphate. F. Harms. (Ann. d. Physik, 73. 
3-4. pp.’237-241, Jan., 1924.)—Quinine sulphate emits ions when being 
dried by heat, and also when the dried mass is cooling down. 1 here 
appear to be two stable compounds, the dry and the slightly hydrated. 

A. D. 

934. Ionisin'? Potentials of Helium and Some Multi-Atomic Gases. 
G. A. MacKay.' (Phil. Mag. 46. pp. 828-835, Nov.. 1923.)—Using the 
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method employed by Hughes and Dixon [Abstract 191 (1918)] the author 
has determined the ionising potentials of helium, HC1, HBr, HI, H 2 0, 
NH 3 , H 2 , N 2 . and 0 2> the observed values being respectively 24-5, 13-8, 
13-2, 12-8, 13-2, 11 1, 15-8, 16-3. and 12-5 volts. These values are in 
good agreement with theoretical estimates (Born and Fajans), and with 
the experimental results of other observers. The work is to be extended 
to other multi-atomic gases. A. B. W. 

935. The Excitation and Ionisation Potentials of Cases and Vapours. 
F. Horton. (Phys. Soc., Proc. 36. pp. 1-13, Dec., 1923.)--The minimum 
difference of potential through which an electron must fall in order to 
acquire sufficient energy to enable it to ionise a normal atom on collision 
with it is called the ionisation potential for the atom. Similarly the mini¬ 
mum p.d. which will give to the colliding electron sufficient energy to 
enable it to displace one of the outer electrons of the atomic structure 
from its normal orbit to some other orbit within the atom is termed the 
excitation potential for the atom. The recognition of the possibility of 
the existence of excitation potentials is due to Bohr, and arises directly 
from his theory of atomic structure. Thus, in accordance with Bohr’s 
theory, we may expect for all atoms excitation potentials which are smaller 
than the corresponding ionisation potentials, and the recombination 
which follows the ionisation of a mass of gas should give rise to all the 
radiations of the arc system. The methods by which the excitation 
potential may be measured can be divided into two classes : (a) Those 
methods which depend on the detection of a loss of energy by the colliding 
electron. ( b ) Those methods which depend on the detection of the radia¬ 
tion resulting from the collision. The method of testing for the occurrence 
of inelastic collisions has been largely used by the American experimenters, 
Tate, Foote, Meggers, and Mohler. The principle of this method is 
described in detail, as is also that of the spectroscopic method. The 
observed values of the excitation and ionisation potentials in the case of 
potassium are 1*55 volts and 41 volts respectively, in good agreement 
with the values 1-61 and 4-32 volts calculated by the quantum relation 
from the frequencies of the first and last lines of the series la — tinr. In 
the case of magnesium, excitation potentials were found at 2-65 volts 
and at 4-42 volts, and ionisation was found to begin at 7*75 volts. The 
spectroscopic investigation showed a single line only (corresponding to 
the excitation potential 2-65 volts) for voltages between 2-05 and 4-42 ; 
a two-line spectrum (the lines corresponding to 2-65 volts and 4 -42 volts) 
for voltages between 4*42 and the ionisation value 7 61. The cases of 
the simple atoms H and He are discussed in detail. The considerations 
here put forward illustrate the importance of an accurate knowledge of 
the excitation and ionisation potentials of different elements as a direct 
experimental test of the correctness of various atomic models, particularly 
in those cases for which the easily photographed optical spectra are not 
associated with the normal conditions of the atom in question [see also 
Abstracts 537 and 539 (1923)]. A. E. G. 

936. Velocity of Positive Ions in the Crookes Dark Space. F. W. 
Aston. (Roy. Soc., Proc. 104. pp. 565-571. Dec., 1923.)—The nature 
of the negative glow and the mechanism by which the current is earned 
across the Crookes dark space at moderately low pressures are still matters 
of speculation. In a previous paper [see Abstract 487 (1913)] the author 
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drew attention to the difficulties in the way of formulating a workable 
theory. One of these difficulties was an apparently hopeless discrepancy 
between two values for the velocities of the positive ions at the surface of 
the kathode, the one calculated from their measured space charge and 
the total current passing through the tube, the other obtained by extra¬ 
polation from the mobility measured at higher pressures. It is now recog¬ 
nised that the latter value was definitely wrong, and in this paper it is 
shown that if instead the velocity is calculated from more reasonable 
assumptions the discrepancy is almost entirely removed. If m is the mass 
and e the charge of the ion moving in a field X] the mean rate of progress 
towards the kathode will be given by k K = \ V' 2 eXX/tn, where A is 
the mean distance moved towards the kathode between two successive 
collisions. This distance will be somewhat greater than the ordinary 
“ mean free path ” of the molecule, on account of the high speed, but will 
be reduced by the fact that the particle is charged. It is not therefore 
far wrong to take for A the ordinary molecular mean free path at the 
pressure concerned. The mean velocity of the positive ions towards the 
kathode may also be estimated in a totally different way from considera¬ 
tions of the total charge they bring to it. If p is the density of positive 
electrification on the ions just in front of the kathode, and i the current 
carried by them to each sq. cm. of its surface, then their mean velocity 
will be given by h ? = i/p. If i be given the value of the total current 
passing in the discharge, a max. value is obtained for A p , and for compari¬ 
sons made in this paper that value is used. In the tables given it is shown 
that the two sets of values for the velocities, calculated so differently, 
are not only of the same order, but in some numerical agreement, notwith¬ 
standing the fact that the masses vary over a range of more than CO to 1. 
In all the monatomic gases k K is greater than k f , while in the diatomic 
ones the reverse is the case. This difference would be removed to some 
extent by the assumption of a smaller value of m, since it is quite certain 
that a considerable percentage of the current in diatomic gases is carried 
by atoms. It appears exceedingly probable that a certain percentage of 
positive ions formed in the negative glow actually do reach the kathode 
with the full velocity corresponding to a free fall. At lower pressures 
this has been experimentally demonstrated by positive-ray analysis. On 
the other hand, the figures here quoted indicate that a much larger propor¬ 
tion reach the kathode with velocities ranged about that derived from a 
free fall between successive collisions. A. E. G. 

937. The Centres of Light Emission of the Alkalis. E. Rupp. (Ann. d. 
Physik, 72. 1-2. pp. 1-15, Dec., 1923.)—The nature of the carriers of the 
light emission from lithium, sodium, and potassium was investigated by 
examining the anode rays by Wien's method. The apparatus consisted 
of an exciting chamber of the anode rays connected by an earthed metal 
piece, pierced by a canal, with the observation chamber. The salt prepara¬ 
tion was placed at the end of a glass tube projecting into the exciting 
chamber and containing a conductor by which the current exciting the 
anode rays was conveyed. This exciting current was produced by a 
20-plate influence machine, and was usually at the potential of 15,000 
volts. According to the vacuum in the observation chamber there is 
distinguished : (1) Decay Luminosity .—The atom is excited to luminosity 
in the canal and gives up in the high vacuum observation chamber its 
light quantum undisturbed by other atoms. (2) Luminosity of Change of 
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Charge. -Moving atoms are excited to luminosity partially in the canal, 
but also in the less highly evacuated observation chamber, and give up 
light quanta frequently not undisturbed by other atoms. The vacuum 
used in the observation chamber was for the decay luminosity 0 - 0002 - 
0-0005 mm. Hg. for the luminosity of change of charge 0-002-0 008 mm. 
Hg. The lines measured by the spectrograph in the different luminosities, 
when deflected and undeflectcd. are given. From the observations it 
appears that : (1) The principal series of the'alkali arc spectrum is emitted 
by an atom which before the emission (changed charge luminosity) and 
during the emission (decay luminosity) is neutral. (2) The 1. and II. 
subordinate series of the alkali arc spectrum are emitted by atoms which 
before the emission are positively charged, during the emission are neutral. 
(3) The spark lines of oxygen are emitted by atoms which before and 
during the emission arc positively charged. The following may be pictured 
as what occurs to the moving atom : The anode rays leave the anode as 
positive unloaded ions. On the way to the canal they may experience 
transfer of charge. The cases of the change effect of the atoms in the 
canal which lead to light emission may be summed up as follows : ( 1 ) 
Moving neutral atoms strike against neutral or positively (or negatively) 
charged atoms at rest, or moving with velocity small compared with that 
of the atoms of the rays. Excitation of the Principal Series. —This case 
is the most frequent. (2) Moving positively charged atoms strike neutral 
(or negatively charged) atoms, take up thereby an electron, and are thus 
excited to emission of the subordinate series ; in the state of emission they 
are thus neutral. This case is less frequent than the first. (3) Moving 
positive atoms strike positively charged atoms. Excitation of the Sparh 
Spectrum. —This case appears to occur the least frequently with anode 
rays. Thus in general excitation to light emission of the positive mass 
rays takes place only through interchange action between moving atoms 
and atoms relatively at rest. J. J. S. 

938. The Relation between the Potential for Glow-Discharge in Air and 
the Distribution of the Electric Field round Electrodes of any Form. L. 
Dreyfuss. (Schweiz. Elektrot. Verein, Bull. 14. pp. 670-678, Dec., 
1923.)—Ihe author shows, by test data and theoretical considerations, 
that in an electrostatic field in air, the fall of potential per unit length 
along the lines of force may be represented as a simple function of the 
thickness of the luminous layer. This holds good whatever the form of 
the electrodes. The normal breakdown strength of the dielectric, measured 
in a homogeneous field with a large gap, must be exceeded within a certain 
distance x 0 of the most highly stressed point of the electrode before 
the first glow can commence. The so-called " surface voltage,” i.e. the 
voltage drop &v in the " ionisation zone ” x 0 , is then a measure of the 
field concentration. If the surface voltage exceeds a certain critical value 
glow discharge occurs. In the first part of this paper the author reproduces 
the results of investigations by other workers concerning the breakdown 
strength of air between parallel plate electrodes, and at the surface of 
cylindrical conductors ; he also gives the results of a new series of tests 
concerning the glow discharge from electrodes with sector-shaped sections 
of different angles. Within the limits of experimental error, all three 
sets of data may be represented by a single curve At; = /(*©)• * n other 
words the " surface voltage ” as defined above is mainly, if not entirely, 
a function of the ionisation zone x 0 and not of the form of the electrode. 
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Knowing the field distribution in the neighbourhood of the most highly 
stressed part of any electrode, it is possible to calculate the glow-discharge 
voltage by aid of the curve Av = f(x 0 ), which is given in the original 
paper. It is not necessary to make a complete series of measurements 
for each different form of electrode. Further experimental investigation 
is required to decide whether the critical voltage for electrodes under 
oil can be determined in similar manner from the results of a few tests 
made to obtain, once for all. the relation between surface voltage and 
ionisation zone. R. E. N. 

939. Emission of Secondary Electrons from Metals under Electronic 
Bombardment. F. Horton and (Miss) A. C. Davies. (Phil. Mag. 47. 
pp. 245-249. Jan., 1924.)—The authors continue the discussion with 
E. W. B. Gill on the interpretation of their experiments (see Abstracts 719 
(1920), 2244 (1923), and next abstract). The authors do not consider 
that it was necessary to use grid potentials up to 600 volts when investi¬ 
gating a critical potential known to be less than 15 volts ; the description 
of their experiments gives no justification for the statement that only 
one value of V G was used. What was deduced from the authors* curves 
was that the excitation of secondary emission required an applied potential 
difference between 10 and 11 volts; a correction must be added to get the 
voltage equivalent of the velocity of impact of the primary electrons on 
the plate, estimated at 13 volts. The estimate of 9 volts as the maximum 
velocity of emission of the secondary electrons could only be considered 
unreliable if it could be shown that the current-potential difference curves, 
from which it obtained, were a distortion of the true relations between 
the plate current and the electric field near the plate, such as would be 
obtained if the screening of the plate by the grid were very inadequate ; 
the experiments, however, have proved that it is almost perfect. Gill’s 
argument would lead to the assumption that, when the potential differ¬ 
ence between the grid and the plate is increased beyond 9 volts, the current 
carried by the secondary electrons leaving the plate suddenly begins to 
increase, instead of continuing to decrease, with the increase of the field 
tending to prevent electrons leaving the plate. It appears that there is 
no appreciable number of secondary electrons leaving the plate with 
velocities greater than that corresponding to a potential difference of 
about 9 volts. The most reasonable interpretation of the junction of the 
two parts of the curve at 9 volts is that the secondary emission practically 
ceasesat this stage, because the velocity of emission of the fastest secondary 
electron® from platinum corresponds to a potential difference of this 
value ; tins estimate, like the other conclusions drawn by the authors 
from their experiments, is in general agreement with all the most recent 
work on the subject. H. N. A. 

940. Emission of Secondary Electrons from Metals under Electronic 
Bombardment. E. W. B.Gill. (Phil. Mag. 46. pp. 994-999. Nov., 1923.) 
—In a previous paper [Abstract 2243 (1923)) the author gave an account 
of the secondary emission from the nickel plate of a three-electrode valve, 
and criticised certain conclusions arrived at by Horton and Davies 
[Abstract 2244 (1923)]. The subject is further considered in the present 
paper with particular reference to the action of the grid in modifying 
the results obtained. -It is claimed that the potential of the grid exerts 
a. very important influence on the plate current-voltage Gurve. A. B. W. 
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941. The Dependence of Electron Emission on the Gas Charge of the 

Metal. R. Suhrmann. (Zeits. techn. Physik, 4. 9. pp. 304-313, 1923.) 
—The following are the chief points dealt with in this paper: The influ¬ 
ence of the gas on the normal and selective photoelectric effect; the effect 
of the outer and inner gas charging of the metal upon the thermionic 
emission ; the nature of the gas influence ; the influence of the outer and 
inner gas charging on other kinds of electron emission ; the active gas. 
[See Abstract 1651 (1923).) A. E. G. 

942. Free Paths of Slow Electrons in Mercury and Cadmium. R. 

Minkowski. (Zeits. f. Physik. 18. 5. pp. 258-262. 1923.)—The author 
finds that the mean free path increases continuously to a velocity between 
0 and 0-1 volts. A. D. 

943. Free Paths of Slow Electrons in Argon, etc. H. Sponer. (Zeits. 

f. Physik, 18. 5. pp. 249-257, 1923.)—In argon, crypton.and xenon the 
mean free path increases continuously down to a velocity between 0 and 
01 volt. Minkowski obtains similar results for mercury and cadmium 
[see preceding abstract], but in smaller degree. Compare C. Ramsauer 
[Abstract 1494 (1922)]. A. D. 

944. The Normal Kathode-Fall in Air. A. Schaufclberger. (Ann. 

d. Physik. 73. 1-2. pp. 21-53, Dec., 1923.)—After considering the definition 
of kathode-fall, a detailed description of the apparatus employed is given. 
Results obtained show that the measurements made with sounds in the 
negative glow depend essentially on the build and form of the sound, 
and so, only with one and the same sound can reproducible results be 
obtained. The method of drying described gives good reproducible highest 
values ot the kathode-fall. Under these conditions the kathode-fall for 
17 different metals in dry air are measured. The measurements of the 
photographs obtained of the glow-light with the different metals show that, 
with metals with higher kathode-fall, in general a greater thickness of 
glow-light is present. A. E. G. 

945. Multiple Glow in Vacuum Tubes. R. Seeliger and G. Mierdel. 
(Zeits. f. Physik, 19. 4. pp. 230-241, 1923.)—The formation of the luminous 
glow is ascribed to the action of primary electrons from the kathode and 
secondary electrons produced by collisions within the glow. The inner 
part of the glow (nearer the kathode) is different from the outer part called 
the aureole; in the inner part the light emission is excited by both fast 
and slow electrons, in the aureole by slow ones alone. The glow from 
four tubes was examined by means of a spectrograph; the first tube con¬ 
tained He -f 1/10 per cent. Ne, the second also He + Ne, the third 
He -f Hg, and the fourth He + 2 per cent. Ar. With tubes 1, 3, and 4, 
He lines were observed in the inner layer, and Ne, Hg, and Ar lines in both 
parts of the glow. A change of colour took place in the glow from the 
first tube, a tile-red aureole changing, after continued use of the tube, to 
violet; with the red aureole the tension was about 180 volts, rising with 
prolonged use to 250 volts when the violet aureole appeared. The second 
tube had been supplied with the purest helium and neon ; its spectrogram 
gave He lines in the inner layer and Hea bands in the aureole ; Ne lines 
were present in both parts of the glow. The non-appearance of the He 2 
bands in the inner layer.is due to the fact that the excited He atoms are 
prevented from forming molecules owing to the large quantity of free 
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slow electrons present. Experiments on the effect of impurities and of 
pressure on the formation of the aureole are also described. It is considered 
that the presence of small quantities of electro-negative gases will prevent 
the formation of the aureole. [Sec also Abstracts 1279 (1920) and 
603 (1921).] G. E. A. 




946. The Kathode Temperature in the Glow Discharge of the Inert Gases. 
A. Riittenauer. (Zeits. f. Physik, 19. 2. pp. 124-127, 1923.)—This 
paper describes measurements of kathode temperatures in the Os ram 
" glimmer lamp " {i.e. of the Osglim type) when filled with helium, neon, 
and argon, and discusses their dependence on watt consumption and 
pressure. To the kathode cap of the valve was affixed a thermoelement 
consisting of a junction of iron and constantan wires, while the second 
junction was placed outside the lamp at the end of a glass tube sealed to 
the lamp. This thermoelement was suitably adjusted for each lamp. 
Up to 4 watts a linear temperature relation holds, but above this consump¬ 
tion small values for kathode temperatures are recorded. Since the thermal 
conductivity increases with pressure, a decline in temperature would be 
anticipated at increased pressures, but actually a small increase has been 
obtained. This has been established as due to the sharper definition 
and smaller thickness of the negative glow light at the higher pressure. 
This is in accord with Hodgson's result that the kathode temperatures 
in air, oxygen, and carbon dioxide exhibit a minimum at about 1 mm. 
Hg, and rise very slowly with increasing pressure. The last section of the 
paper deals with the influence of impurities on the kathode temperature. 
The greater the differences between the thermal capacities of the filling 
gases and of the impurities to hand, the greater the influence of the latter 
on the kathode temperature. Argon is conspicuous in this respect, neon 
less so, and helium not at all. This affords an excellent criterion for the 
purity of argon. The paper concludes with a discussion of the connection 
between the kathode temperature and the characteristic hysteresis of 
glow-light tubes. H. H. Ho. 


947. Pressure Effect and other Phenomena in Gaseous Discharges. 

I. Langmuir. (Frank. Inst., J. 196. pp. 751-762, Dec., 1923.)—When 
an electric discharge of rather high current-density is passed through a 
monatomic gas at low pressure the gas tends to move towards the anode 
and causes the pressure at the anode to exceed that at the kathode. This 
pressure effect has been studied by L. Hamburger, F. Skaupy, and A. 
Riittenauer. Hamburger and Skaupy have attempted to explain the 
motion of the gas to the anode by assuming the presence of negative ions 
having a mobility higher than that of the positive ions. Skaupy, in a 
later paper, considers that the effect may be due to the fact that electrons 
make elastic collisions with atoms, while positive ions make inelastic 
collisions. Thus he assumes that the electrons deliver twice their momen¬ 
tum to gas molecules, while the positive ions cannot deliver more momen¬ 
tum than corresponds to their velocity. There is a fallacy in this 
argument, since the rebounding electrons would subsequently collide with 
other atoms and thus deliver momentum in the opposite direction. In 
the present paper it is shown that in the positive column of the mercurv-^ 
arc the electrons have velocities distributed in accord with Max\vjgl^ 
law, and the directions of motion are distributed nearly at random^ 
average velocity of the electrons is approximately independent^r^re arc 
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current, but depends on the pressure. The average kinetic energy of the 
electrons, expressed in terms of corresponding voltage is 3-9 volts at 
1 bar pressure, 2-9 at 4-4 bars, and 1*7 at 33 bars. Isolated electrodes, 
or glass surfaces, in the uniformly ionised gas of the arc become charged 
5 to 15 volts negatively with respect to the gas. The wall of the tube 
thus absorbs all positive ions moving towards it. but repels all but a minute 
fraction of the electrons, so that these act largely as if specularly reflected 
from the wall without loss of energy. The impact of the positive ions on 
the wall causes a heating effect on the wall which ranges from 15 to 50 
per cent, of the total energy in the positive column. The momentum 
delivered to the wall by the ions is the probable cause of the pressure effect 
observed by Hamburger and Skaupy by which the pressure of the gas 
near the anode is greater than at the kathode. Equations are derived 
by which this pressure effect may be calculated. The results are in rough 
agreement with experimental data available. Two methods are described 
for measuring the space potential in ionised gases.. The first consists in 
the use of a hot sounding electrode whose potential is adjusted until the 
electrons emitted by it are just able to escape. The second is based upon 
a kink observed in a semi-logarithmic plot of the current voltage curve 
of a cold sounding electrode, which occurs when the electrode reaches the 
same potential as the surrounding space. A. E. G. 

948. Researches upon the Disruptive Potential in Rarefied Gases. E. 
Dubois. (Ann. dc Physique, 20. pp. 113-238. Sept.-Oct., 1923.)—The 
present investigation has had for its object the derivation of the conditions 
under which this potential exists, and a study of its variation with the 
nature of the electrodes. Chapter I gives a general discussion of the dis¬ 
ruptive discharge. Chapter II is devoted to an examination of the charac¬ 
teristic curves of the discharge current, particularly in the vicinity of the 
disruptive potential. The ascending branches of the curves arc only of . 
importance in the latter respect, since the descending branches do not 
correspond to the passage of a continuous current. Actually a series of 
discharges from the electrodes are produced in the gas. which thus play 
the r6le of a condenser of feeble capacity. From the results obtained, a 
method for the determination of the disruptive potential has been deduced, 
which is very accurate, easy to employ, and has accordingly been utilised 
in the present investigation. Chapter III considers measurements of the 
disruptive potential in hydrogen, where considerable variations were 
found. These were also discovered to be produced by heating the elec¬ 
trodes, and the author has assigned the cause as due to a transformation 
at the electrodes. The state of the kathode, however, proved to be the 
important factor, while the state of the anode appeared to be without 
influence on the disruptive potential. The cause of the transformation 
was traced to the disappearance of saline impurities which always exist 
at the surface of a metal, and these by emitting electric charges occasion 
a lowering of the disruptive potential of the system. An attempt to film 
whether substances other than saline impurities would produce the same 
emission, showed that the action, say, of occluded gas in the electrodes 
was negligible as compared with that of saline impurities. In the particular 
case of a palladium kathode, however, the disruptive potential was lowered 
considerably by the presence of a large amount of hydrogen in it. Similar 
results have been found qualitatively for carbon dioxide and air. Chapter 
IV describes certain applications of the preceding results ; since all previous 
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data are now rendered invalid because of failure to take account of saline 
impurities. These errors are much more considerable than effects due to 
pressure changes, and may range from 20 to 100%. The experimental 
data are then utilised in a discussion of the current theory of the disruptive 
potential which is strengthened thereby, and requires but slight modifica¬ 
tion, since, in addition to charges originating in the gas. there arc supple¬ 
mentary emissions from the kathode. The variations of the disruptive 
potential with the state of the electrodes are compared with variations 
already observed by Warburg relating to the kathode fall of potential. 
These variations are also intimately connected with the emission of positive 
electricity by incandescent bodies, and the author has shown that the 
comparison of the two phenomena permits an explanation of certain 
peculiarities of the positive emission. H. H. Ho. 

949. The Mobilities of Electrons in Air. L. B. Loeb. (Nat. Acad. 
Sci., Proc. 9. pp. 335-340, Oct., 1923.)—In previous publications [see 
Abstract 195 (1923)] the author has shown that electrons in gases at 
atmospheric pressure have rather high mobilities, which vary with the 
field strength, and that J. J. Thomson's theory of negative ion formation 
is qualitatively adequate to explain the phenomena observed. To obtain 
a quantitative verification of this theory it is essential to measure the 
mobilities of electrons in air at pressures above 40 mm., and the determina¬ 
tion of such mobilities appeared at one time impossible owing to the 
attachment of the electrons to the oxygen molecules to form ions. It 
was shown, however, that by neutralising the field produced by an accumu¬ 
lation of the ions, and perhaps in a measure preventing its formation, by 
the use of a constant retarding field superposed upon the alternating 
field, it was possible to measure mobilities of an electronic magnitude 
in air. The results are now recorded together with the related experi¬ 
mental details. Curves arc given for the values of k (the mobility constant) 
obtained for the range of frequencies available for pressures of 41. 51*5, 
60, 66-5, and 92 mm. of Hg, plotted as points against the voltage 
V =. E 0 — R. These show that the values of h as a function of V at 
• different pressures do not fall into a family of curves as is the case for the 
electrons in H 2 and N 2 - The cause for this peculiar behaviour is unac¬ 
counted for by the theory, and may be due to the effect of attachments. 
Bends in the curves mark the beginning of the average attachment. 
Equations are given finally for the true electron mobility constant at 
the above pressures. H. H. Ho. 

950. Disruptive Potential and Paschen’s Law. R. Rudy. (Rev. 
G6n. d’fil. 14. pp. 691-696, Nov. 10, 1923.)—Paschen’s law enunciates 
that the difference of potential between two plates depends solely, for a 
particular gas, on the product of the distance between the plates and the 
pressure of the gas. If two metallic discs are placed in a gas ionised by 
an outside agency, and there is a difference of potential V, the ions are 
attracted towards the plates and travel more rapidly as the field is intensi¬ 
fied. At a certain tension the current increases less rapidly and ceases 
to augment, when the field is sufficiently strong to attract all the ions to 
the plates in proportion as the ionising source produces them in the 
gaseous mixture. If, however, the tension is stiff further raised, a third 
state of the current appears, wherein the intensity grows very rapidly 
with the difference of potential, until the disruptive discharge is produced 
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in some form or other. The author proceeds to prove Paschen’s law 
mathematically and emphasises the point that the variations to this law 
can only proceed from an exchange of energy by quanta and are conse¬ 
quently due to a modification of the molecule under the effect of pressure. 
These variations also depend equally on the number of ions produced by 
an electron and a positive ion in a length of one cm. of their travel. If 
a portion of the molecules is modified, i.e. if the electrons which form the 
surface have been displaced or detached bv the influence of molecular 
collision or under the action of radiation, the absorption of the gas will 
diminish proportionally to this number of molecules when the gas is 
compressed. This is particularly so in the case of CC 2 compressed to 
from 10 to 50 atmospheres. The conductivity of a gas appears to be 
greatly raised as it approaches liquefaction, and the spark becomes very 
large. The number of ions an electron produces depends on its live force 
which is not necessarily in equilibrium with the kinetic energy of the 
molecules it meets. The electrons can therefore suffer a great number 
of shocks with molecules without their final speed corresponding to that 
of the gas. T. C. H. 

951. Electric Tenacity of Air between Plate Electrodes. W. O. Schumann. 

(Archiv f. Elektrot. 12. pp. 379 380. Oct. 31. 1923.)—The author replies 
to criticisms on his experiments previously described, and says that the 
effect of the margins of the plates was allowed for. The constancy of the 
disruption field strength in homogeneous fields cannot be upheld, and is 
only to be understood through the survival of obsolete analogies with 
mechanical tenacity. Eor gases the ionisation process has long been 
known as cause of the disruption, and it would be surprising if the measure¬ 
ments should show a constant disruption field strength. J. J- S. 

952. The Sparking-Potential of Gases. G. Holst and E. Oosterhuls. 
(Phil. Mag. 40. pp. 1117-1122, Dec., 1923.)—In his paper " Ionisation by 
Collision/' J. S. Townsend (see Abstract 1198 (1923)] has discussed a 
theory of the sparking-potential of gases suggested by the authors in a 
short note in the Comptes Rend us (see Abstract 352 (1923)]. This theory • 
is based on the assumption that positive ions can liberate electrons from 
the kathode, no ionisation taking place by the collision of a positive ion 
against a gas molecule. An account is here given of the considerations 
and experimental facts underlying this hypothesis. A gas molecule can 
be ionised by an electron as soon as the energy of the electron reaches a 
certain value corresponding to the ionisation-potential of the molecule. 
In order that a positive ion may be able to ionise, it should have at least 
the same energy. In many cases the conditions in a discharge-tube are 
such that it is impossible for a positive ion to acquire this energy. 
phenomena in neon show a very simple character, and for this reason most 
of these experiments and considerations relate to neon. If an electric 
current passes through a tube filled with neon a glow can already be 
observed at very small currents of the order of magnitude of 10 “ 9 amp. 
The appearance of this glow can give some information about the pheno¬ 
mena going on during the discharge. A neon discharge-tube with electrode 
distance about 1 cm., gas pressure about 1 cm., is put in series with a 
diode. By regulating the filament current of the latter the current in 
the neon tube can be varied from very small values to a value where the 
kathode glow begins ; in this way the successive forms of the discharge 
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are studied. The results obtained lead to the consideration of a hypo¬ 
thetical ideal gas in which an electron loses no energy whatsoever in 
collisions as long as its velocity is below that corresponding to the ionising 
potential. An electron will ionise as soon as its velocity is equal to the 
ionisation potential V,-; »i positive ions will liberate one electron at the 
kathode surface. No positive ion ionises a gas molecule bv collision. An 
electron starts at the kathode. At a distance d from the kathode—where 
the electron has fallen through a p.d. equal to Y$—it ionises for the first 
time, forming one new electron and one positive ion. At a distance 2</ 
it ionises again, and so on. The total number of positive ions formed is 
2* — 1. g being the number of times the process is repeated. Sparking 
will occur when these ions, on reaching the kathode, liberate one electron 
or more, for in that case the current will continue to flow. As soon as 
g reaches a value g s given by the relation 2 «- — 1 > n, the condition for 
sparking is reached, the sparking-potential V, is equal to g s \'j. 

For different kathode materials and for different ions, u will be different ; 
n will be larger if it is difficult to extract an electron from the kathode, 
and thus n will depend on <f> . the work necessary to liberate an electron 
from the kathode. For the hypothetical ideal gas the sparking-potential 
V, “ £*V, would be independent of the gas pressure and the electrode 
distance ; it depends only on the ionisation-potential of the gas and on 
the number of electrons liberated from the kathode by a positive ion. 
The ideal gas is only a rough first approximation. In a real gas the spark¬ 
ing-potential depends on gas pressure and electrode distance. This is 
due to the fact that in a real gas energy is lost by collisions. A second 
approximation is therefore next considered. It is found that even in 
the case of argon, no formula for V, can be derived. With helium a new 
complication is introduced by the fact that metastable states appear. 
In the case of polyatomic gases new difficulties arise due to inelastic 
collisions and electron affinity. The departure from the ideal gas is due 
to energy losses of the electrons. If the number of collisions is small 
these losses will be less important. That is the reason why the mini¬ 
mum sparking-potcntials for gases are not very far apart, the difference in 
sparking-potential increasing with pressure and electrode distance. A. E. G. 

953. Electrical Short-Circuit Figures. E. Moller. fArchiv f. Elek- 
trot. 12. pp. 393-39H, Oct. 31. 1923.)—This paper records some interesting 
observations of a phenomenon which does not appear to have been pre¬ 
viously noticed. A sheet of tinfoil is placed upon a plate of glass and con¬ 
nected to one terminal of a source of direct-current; a pointed conductor 
is joined to the other terminal and the point is caused to touch the tinfoil 
sheet. The foil in the neighbourhood of the point is melted at the moment 
of contact, and the surface of the glass within the melted region is destroyed. 
The glass surface presents a series of furrowed lines forming a " short- 
circuit figure ” resembling somewhat in appearance the well-known 
Lichtenberg figures. Photographs of the figures are given for a number of 
different glasses having various melting-points, l»oth for positive and 
negative polarities of the tinfoil sheet. The forms taken by the figures 
are discussed with reference to these photographs and • to an excellent 
series of microphotographs of details of the furrowed lines. Theories are 
propounded to explain the shapes of the figures and some new points of 
view in the study of the electrical properties of solid insulating materials 
are suggested. • B. H. 
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954. Motion of the Gas in the Electromagnetic Rotation of the Electric 
Discharge. C. E. Guye. (Comptcs Rendus, 177. pp. 1104-1100, Nov. 
2(>, 1923. Arch, des Sciences, 5. Suppt. pp. 121-123, Nov.-Dee., 1923.)— 
In the case in which the collisions of electrons and ions with the molecules 
of the gas will in neither case produce new ions and in which the movement' 
given them by the magnetic held is communicated entirely to the mass 
of the gas, the whole velocity V 0 may be represented by the equation 

Vn = ri -in which N is the number of ions contained in 

unit volume of the discharge ; e is the ionic charge, supposed equal to 
that of the electron ; H the magnetic field producing the rotation ; M 
total number of molecules, ionised or not. in the unit volume ; a and m 
radius and mass of molecule or positive ion. This is apparently a superior 
limit of the velocity V 0 for the discharge; to maintain it, necessitates the 
production of new ions and this absorbs a part of the energy. In the case 
in which the rotatory motion of the gas is due entirely to positive ions the 

velocity V may be put in the form V=— ^‘ -(l + jj^anex- 

pression which enables approximately the number of ions, N, contained 
in unit volume of the discharge to be accounted for. A. E. G. 


955. Spontaneous Rotation of the Electric Discharge. C. E. Guye. 
(Comptcs Rendus. 177. pp. 1282-1285. Dec. 10. 1923.)—In the preceding 
abstract the author has represented the velocity V of rotation of con- 
ductibility and the velocity V 0 of movement of the gas by the equations 

V - and V »=M^N X 4l5k- ***** ° bSCrVed 

being the sum of these two velocities. It was shown besides that the 
rotation may be spontaneously started even by a very weak magnetic 
field when the ionisation of the gas is sufficient. It is now shown that 
this spontaneous rotation seems to correspond with an electrodynamic 
phenomenon having its scat in the circuit itself, although it may be pro¬ 
voked by external causes such as a current of air and a magnetic field. 
As an appendix to this and the preceding note the method of developing 
the formula for V 0 is given. A. E. G. 

956. Electric Absorption and Dispersion-Spectra of Methyl and Ethyl 

Alcohol. G. Potapenko. (Zeits. f. Physik. 20. 1. pp. 21-35, 1923.)— 
Wave-lengths from 30 cm. to 90 cm. were investigated. In methyl alcohol 
as the wave-length was shortened, the absorption-coefficient rapidly in¬ 
creased. In ethyl alcohol, the absorption-coefficient for shorter waves 
was very large, approximating to that for metallically reflecting bodies : 
and the dielectric constant for the shorter waves rapidly fell off. which 
points to anomalous dispersion. A. D. 

957. Alternating-Current Measurements in the Arc Light. A. Hagen- 
bach and M. Wehrli. (Zeits. f. Physik, 20. 2. pp. 96-108, 1923.)— 
A new method of determining high-frequency alternating-current resis¬ 
tances, and with it the counter e.m.f. of the arc light is described. 
Full details of the experimental arrangements are given. With the 
amalgam lamp a positive e.m.f. of 12 volts is found in the ascending part 
of the characteristic. The resistance measurements are found to be 
independent of the measured current strength in the interval between 
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0.0017 and O il amp. The results of Duddcll and also those of Uagen- 
bach and Percy [see Abstract 730 (1923)] arc confirmed. The counter 
e.m.f. is found to be independent of the length of the arc up to great 
arc-length, and from this it is concluded that in the gas column the resis¬ 
tances to alternating and direct-currents are equal. From this it follows 
that the seat of the counter e.m.f. is in the neighbourhood of. or actually 
in the electrodes. [See also Abstract 308 (1924).] A. K. C. 

958. Generation of Polyphase Oscillations by Means of Triodcs. R. 
Mesny. (J. de Physique et le Radium. 4. pp. 376-380. Oct., 1923.)—An 
arrangement of three triodes is described by means of which stable three- 
phase oscillations have been obtained. The arrangement is symmetrical, 
the filaments being connected in parallel. The three anodes are con¬ 
nected through inductances to a common point P and the three grids 
through other inductances to a common point C. The anode and grid 
inductances of each triode are magnetically coupled. A battery of several 
hundred volts is interposed between P and one side of the filaments, to 
which the point C. is connected, either directly or through a resistance of 
about 12.000 ohms. Between the grids (or the anodes) of two neighbouring 
triodes is connected a condenser. This system spontaneously generates 
three-phase oscillations when the three oscillatory circuits are adjusted to 
have the same period and the mutual inductances have suitable values. 
Frequencies of the order of 10° have been reached without difficulty. The 
existence of the three-phase oscillations was demonstrated by means of a 
small squirrel-cage, the phase-angles being arranged to be i20°. A de¬ 
scription is given of the method used for measuring the phases, and the 
precision of the measurements is discussed. [See Abstract 545 (1923).] 

A. W. 

959. Oscillographic Study of Some Valve Transmitters. A. Dufour 

and R. Mesny. (Ondc £lec. 2. pp. 620-633. Nov., and pp. 692-705. Dec., 
1923.)—Describes an investigation carried out with a kathode-ray oscillo¬ 
graph of a few simple valve generators operating under ordinary working 
conditions. The chief interest lies in the numerous oscillograms repro¬ 
duced. The preliminary results obtained show that the actual operation 
of the generators differs, in general, from the theoretical case usually 
treated where the variation of grid potential is sinusoidal. The research 
is being continued. A. \V. 

960. Propagation and Reception of Wireless Waves. F. Kiebitz. 

(Jahrb. d. drahtl. Tele. 22. pp. 196-203. Nov., 1923. Comm, from the 
Telegtechn. Reichsamt.)—This paper discusses generally the propagation 
of electric waves over the surface of the earth, reference being made to 
the principles of Huygens and Fresnel, curvature of the earth as affecting 
long-distance transmission, field strength measurements, and differences 
observed between winter and summer, and day and night measurements. 
The latter part of the paper deals briefly with the origin of disturbances 
which affect the reception of wireless signals. A. W. 

961. The Production of very Short Waves with Tubes having a Glowing 
Kathode. A. Schelbe. (Ann. d. Physik. 73. 1-2. pp. 64-88. Dec.. 1923.) 
—The following points are dealt with in this paper. The experimental 
arrangements for production of very short undamped waves according to 
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the method of Barkhausen and Kurz [see Abstract 908 (1920)]. After 
describing the scope of the work, a description of the transmission tubes 
is given and also details of the methods of carrying out the measurements. 
In the section dealing with results obtained the points specially considered 
are: The grouping and form of the maxima; Constance of the wave-lengths; 
influence of outside action upon the wave-lengths; the theoretical 
dependence of the wave-lengths upon the tensions and dimensions; 
the experimental dependence of the wave-lengths upon the emission 
current, the tensions, and the dimensions : the oscillation scope ; the 
dependence of the " higher frequency ” oscillations on the tensions and 
tube dimensions; the intensity of the waves; the longest and the 
shortest waves. A. E. G. 


ELECTRICAL PROPERTIES AND INSTRUMENTS. 

962. The Volta Effect. E. Pcrucca. (N. Cimento, 25. pp. 195-211, 

May-June. 1923.)—Photoelectric and thermionic effects, the Volta effect 
in vacuo, and superficial tension concur, in a manner in harmony with 
I-rankcl s theory of a double layer (outer peripheral electrons and peri¬ 
pheral nuclei) coupled with accumulation of free electrons at the surface 
(which they only exceptionally cross), in supporting the anticontact 
theory (Lodge and Richardson) as against the old theory of simple contact, 
and as against the chemical theory. A. D. 

963. The Photoelectric Effect. E. Fermi. (N. Cimento, 26. pp. 97-104, 
July-Aug.-Sept., 1923.)—In a cavity in a body at uniform temperature 
are electrons and the black radiation corresponding to that temperature. 
Striking against the sides of the cavity the electrons can be reabsorbed 
by the body whilst new electrons by the photoelectric effect of the black 
radiation will be sent from the body into the cavity. Between these two 
processes equilibrium must subsist. With regard to this. O. W. Richardson 
[Abstract 1305 (1914)] has given an integral equation having for unknown 
the function <j>{v) which at least for the emissive power of the body repre¬ 
sents the number of electrons that are emitted by the photoelectric effect 
when luminous energy 1 of frequency v is absorbed. Solving the integral 
equation the result is got that : 

f <f,(v) = 0 for hv < w 0 

|^(v) = H(^ - for hv ^ w 0 . 

where h is Planck’s constant, H a constant, and tv 0 the energy necessary 
to liberate an electron from the interior of the body. This result is very 
interesting, for it gives a clear interpretation of the fact that the photo¬ 
electric emission docs not take place till the frequency of the light exceeds 
a limit w 0 /h. In his general theory Richardson for simplicity uses as 
formula for the radiation of the black body in preference to the formula 

of Planck : ^ /RT ^ another expression due to Wien. ^Av 3 <?-** r/RT) - 

The formula- of Planck and Wien coincide for high frequencies. The author 
gives a mathematical investigation of the modifications which Richardson’s 
theory undergoes when Planck’s formula is used, and shows first that even 
with the formula of Planck the result holds rigorously that f>{v) is zero 
for hv < wq. In the second place it is shown that whilst according to 
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Richardson <f>(v) for hv > a» 0 keeps continuous with ils first derivative, 
when Planck’s formula is applied this last has discontinuity, with excep¬ 
tions, for all the values of v for which hv = mitq. n being a whole number. 
This characteristic and unexpected result may be interpreted in a certain 
way perhaps from the point of view of the quantum theory ; as hv reaches 
the various integral multiples of ir 0 new actions begin to be perceived 
which provoke the discontinuity mentioned. But from the experimental 
point of view neither theory agrees with experiment, and the experimental 
material collected so far upon photoelectric emission in function of the 
wave-length is not sufficiently extensive or certain to permit of a control 
of the theoretical result. Prom another point of view there is a parallelism 
between the formula of Planck and that of Wien, in the sense that the first 
admits as possible levels of energy nhv ; the second admits only the 
level of energy hv. From this point of view the qualitative difference 
which is found on applying the one or the other is less surprising. J. J. S. 

964. The Photoelectric Conductivity of Cinnabar. B. Gudden and 

R. Pohl.' (Zcits. f. Physik, 18. 3-4. pp. 199-206. 1923.)—The photo¬ 
electric conductivity of cinnabar (HgS) was first described by Yolmer 
[see Abstract 1239 (1916)]. Three publications on the spectral distribu¬ 
tion of photo-sensitivity by Gudden and Pohl. Rose, and again by the former 
pair, agree in their general results, but possess certain mutual deviations 
which it is the first business of the present paper to explain. The peculiar 
influence of the electric field strength is recognised and examined (sec also 
Abstract 449 (1921)] since the fact had been earlier disclosed that powdered 
crystal material exhibited outstanding maxima in high strength electric 
fields. For this purpose the effects of primary and secondary currents 
are compared, and it is found that while for the former the spectral distri¬ 
bution related to equal absorbed light energy only depends on the course 
of the optical absorption, for the latter, it is the more pronounced, the 
higher the potential and the denser the locality of the light absorption 
in the direction of the field. Discrepancies arc accordingly explained by 
this superposition of effects. The final section of the paper discusses how 
far the data for cinnabar arc compatible with the validity of the quantum 
equivalent law. While affording no proof for the latter, yet the measure¬ 
ments for cinnabar in conjunction with those for the diamond and zinc 
blende afford considerable evidence in its favour. H. H. Ho. 

965. Dielectric and Conductive Anisotropism of Fluid Crystals. W. 
Kast. (Ann. d. Physik. 73. 1-2. pp. 145-160, Dec.. 1923.)—Fluid 
crystals present two groups in which the dielectric constant is respectively 
a maximum and a minimum in the direction of the length-axis of the 
molecule. The relations of the heat-conductivity differ in the two groups. 

A. D. 

966. Conduction of Electricity through Crystals. F. v. Rautenfeld. 
(Ann. d. Physik, 72. 8. pp. 617-628, Nov., 1923.)—The conductivity of 
rock salt and Iceland spar was measured, at temperatures between 630° C. 
and 793° C. in the case of the first, and between 232° C. and 553° C. for the 
second, using an alternating current. Good contact for the platinum 
electrodes was obtained by dusting finely divided platinum over the ground 
surfaces Qf the crystals, and pressing the electrodes against these ; the 
crystals were heated in an electric oven. The results were plotted on 
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logarithmic paper, and it was found that, in the case of rock salt they could 
be represented by the equation log K = a = bt, where K is the conduc¬ 
tivity, t the temperature, and a and 6 constants. In Iceland spar the 
conductivity is greatest in the plate cut perpendicular to the principal 
axis, smallest in that cut parallel to the same, and has an intermediate 
value in that obtained by cleavage (the geometrical mean between the 
other two). The three curves are similar and agree with the formula 
(l K/K = v'dT/T 2 , where T is the absolute temperature and v' is a constant, 
presumably a thermal magnitude. Thus Iceland spar, the conductivity 
of which according to Szlenker is electrolytic, shows a temperature rela¬ 
tion similar to most insulators, while rock salt, whose conductivity accor¬ 
ding to Noack is at least mainly electrolytic, shows the other temperature 
relation of simple salts. As regards the direction in the crystal the fact 
that the atoms are arranged so that similar or dissimilar atoms come one 
after another does not seem to make'much difference; their mobility 
sideways may perhaps be of more importance; the mechanism of con¬ 
ductivity is thus not as yet explained by such directional experiments. 

H. N. A. 

967. Electrical Resistance of Commercial Aluminium. Influence of 

Impurities and Treatment. L. Guillet. (Rev. de M6t. 21. pp. 12-17, 
Jan., 1924.)—This is a fuller account of the paper dealt with in Abstract 
630 (1924). A. A. D. 

968. On the Conductivity Changes of Phosphores by Kathode Rays. E. 

Rupp. (Ann. d. Physik, 73. 1-2. pp. 127-144, Dec., 1923.)—Previous 
work on the connection between the conductivity changes of phosphores 
has been carried out by Lenard and his co-workers for light as active agent 
[sec Abstract 449 (1921)] and for thermal effects by Ruff [see Abstract 
1658 (1923)]. The present paper extends this work for kathode rays as 
the active agent. Previous work on the influence of kathode rays upon 
dielectrics is first discussed. The different method now described in detail 
differs from previous modes of measurement and depends on the use of a 
known electrical condenser field. By it the alkaline earth sulphide phos¬ 
phores afford no conductivity changes after previous exposure to radiation, 
while zinc sulphide shows an increase. The rate of the conductivity 
change has been investigated, and curves are given for CaBia. and CaS 
by means of which the escaping electrons per metallic atom have been 
ascertained. The dependence of the conductivity change on the metallic 
content next receives attention, and from the results the electronic number 
per metallic atom is obtained. For silver and copper the electronic 
numbers are found to be the same while the ratio of either to bismuth is 
about 1 • 8. The result that Cu and Ag give off the same number of elec¬ 
trons may be associated with the position of these elements in the same 
vertical column of the periodic system. Finally, possible relationships 
between phosphore series are indicated and discussed. H. H. Ho. 

969. Electrical Conductivity of Graphite. E. Ryschkewitsch. (Zeits. 
Elektrochem. 29. pp. 474-478, Oct., 1923.)—The values obtained for the 
conductivity of graphite vary greatly among themselves; even with 
chemically pure artificial graphite filaments measured with the greatest 
care, differences of 270 % were observed by Pirani and Fehse. The 
temperature coefficient in some cases has been found to be positive and 
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in others negative. This is doubtless due. in part, to the fact that the 
substance employed consists of crystallites, and that contact resistances 
between these crystallites arc concerned. The author has been able to 
obtain some single crystals of graphite, which though small, arc large- 
enough to enable resistance measurements to be made by the potential 
drop method, avoiding the difficulty due to the contact resistances at the 
ends of the small strip measured (about 0-4 cm. long. 0- 1 cm. broad, and 
0 004 cm. thick, the last measurement being the natural thickness of 
the graphite flake obtained by special treatment in the electric furnace). 
The measurements are difficult on account of the smallness of the unit 
crystals, and only four determinations have been made; in two of these 
the crystals showed visible lack of uniformity, and as was to be expected, a 
higher specific resistance than the other two more perfect crystals. The 
author is of opinion that the smaller value obtained with one of the last- 
named crystals represents most nearly the true specific resistance of 
graphite; this is 0-39 x 10” 4 ohms at 0° C.; the smallest value of Pirani 
and Fehse is 0-47 x 10” 4 . and of I). E. Roberts 0-50 x 10” 4 . The tem¬ 
perature coefficient is positive, and in the neighbourhood of 0°C. is about 
0-005, or very near that of most metals 0 004 ; the rate of increase of 
the coefficient diminishes as the temperature rises, p = p 0 (\ -f at - fit' 1 .. .) 
approximately. Graphite may then be regarded as a metallic modifica¬ 
tion of carbon, while diamond is a metalloidal modification. H. N. A. 

970. Influence of Combined Carbon on the Specific Resistance of Iron. 

F. Stfiblein. (Zeits. f. Physik, 20. 3-4. pp. 209-228, 1923.)—For the 
measurement of small resistances a compensation arrangement has been 
devised which gives more accurate results than the ordinary Thomson 
bridge. By its means the specific resistances of a number of steels con¬ 
taining from 0-05 to 1-65 per cent, of carbon and only small proportions 
of other impurities have been measured, each sample being first tested to 
above the transformation point A c 3 and afterwards left for an hour in a 
salt bath at 700° and cooled in ashes. The high resistance of heated steel, 
compared with that of pure iron, is caused, not by the dissolved carbon, 
but by thfc iron carbide formed. The kink in the curve connecting carbon 
content with resistance in the neighbourhood of the eutectic carbon content 
is attributable quantitatively to the difference in structure above and 
below the eutectic point. The specific resistance of pure iron is found to 
be 10-0 microhms per c.c., and that of cementite about 70 microhms per 
c.c. The latter value is exceeded in the case of a cast specimen of cemen¬ 
tite owing to the porosity and also owing to the presence of impurities. 
Indeed, direct measurement of the specific resistance of iron carbide gave 
the value of 95 microhms per c.c. T. H. P. 

971. Effect of the Magnetic Field in Super-Conduction. G. Breit. 
(K. Akad. Amsterdam. Proc. 26. 7-8. pp. 529-541, 1923.)—It is known 
that superconductivity is dependent not only on temperature but also on 
the magnetic field and the current-density, and it is probable that of these 
the first two are the only essential factors. The problem of the manner 
in which an applied magnetic field destroys superconductivity is examined 
mathematically for different conditions. In case 1, the material is initially 
a superconductor and the field is suddenly increased beyond the critical 
value. An equation is found for the rate of penetration of the' non- 
superconducting state into the solid. In case 2, the penetration of super- 
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conductivity into a non-superconductor by withdrawal of the magnetic 
field is discussed, and case 3 deals with the reversal of the field. It is 
estimated that the thickness of the superconducting layers, produced by 
the suppression of a strong magnetic field, is of molecular dimensions 
during a perceptible interval of time. [See also Abstracts 772 (19111, 
1121 (1914), 1085 (1915). 155 (1917). and 637 (1922).] G. F.. A. 

972. Temperature Variation of the Electrical Resistance of Copper and 

Iron Fused with Mica. K. R. Ramanathan. (Indian Assoc, for Cultiva¬ 
tion of Sci., Proc. 8. 2. pp. 117-121, 1923.)—Williams and McLennan 
[Abstract 1648 (1920)] have shown that the electrical resistance of fused 
mixtures of iron and mica or copper and mica diminishes very greatly 
with rise of temperature. The present paper shows that the experimental 
results of Williams and McLennan may be expressed by the equations 
R = PT-'trQ/T or R =jP i T-l<rQi/ T where T is the absolute temperature and 
P. Pi, Q and Q, are constants. It is then shown that equations of this 
type are to be expected on the basis of the electronic theory of metallic 
conduction. A. A. D. 

973. Theory of the Reinforcement and Bond Number. H. Hermann. 
(Phys. Zcits. 24. pp. 493-495, Dec. 1-15, 1923.)—The reinforcement 
number for the Volta condenser electroscope is the ratio of the observed 
potential to that of the e.m.f. source. In this paper the current theory 
of the process due to Ruoss (Zcits. phys. Chcm. Unterr. 22. 345-353, 1909) 
is criticised, substantially confirmed, and in its essentials shown to be 
capable of fuller generalisation. Section 1 considers the absolute reinforce¬ 
ment number ; section 2 deals with the practical number and the Kolbc 
bond number ; and section 3 examines the general reinforcement number 
in the sense employed by Ruoss. The paper is entirely mathematical. 

H. H. Ho. 

974. The Initial Deflection given by the Electrometers of Braun and 

Haga. H. Hermann. (Zeits. Instrumentcnk. 43. pp. 274-278, Sept., 
1923.)—The moderate damping of electrometers with rigid needles, which 
oscillate about horizontal axes, renders the determination of the static 
position of the needle during alterations in charge while oscillating often 
necessary. Mica damping has not yet been adopted, and damping by 
rhythmic capacity change is not always practicable. The needle oscilla¬ 
tions are not symmetrical, and so a formula has been obtained for the 
static position of the Braun electrometer, viz. <£ = 0-4a/ + 0-6v, where 
w and v are the readings of the initial and turning positions. Since this 
previous work, however, is based entirely on small deflections, which are 
not accurately measurable with the Braun electrometer, although suitable 
for the Haga instrument, a formula is now derived for the readings of the 
Braun instrument. The result obtained is too complex for quotation, 
and the original should be consulted for the various degrees of approxima¬ 
tion derived. * H. H. Ho. 

975. Use of the Electrometer in High-Frequency Measurements. V. 
Ylostalo. (Annales des Postes. T616. 13. pp. 37-47, Jan., 1924.)— 
Although Bjerknes has successfully made use of the electrometer in his 
researches on the damping of high-frequency oscillations, the instrument 
has gradually fallen into disuse in measurements of quantities at radio¬ 
frequencies and has been replaced by thermal instruments. In circuits 
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with low damping and of small power the use of a thermal ammeter has 
considerable practical defects. The author contends that in such cases 
the electrometer is well adapted for radio-frequency measurements, pro¬ 
vided that an instrument of simple construction, high sensitivity, low 
self-capacity, and small energy consumption can be constructed. 

A sensitive electrometer, used idiostatically. is described and is shown 
to possess all the desired features just mentioned. Details of the design, 
sensitivity, adjustment, and possible sources of error arc given ; the 
scale of the instrument follows exactly a quadratic law. Various uses of 
the electrometer in radio-frequency measurements arc described, eg. 
determination of the resonance curve, the decrement, and the effective 
resistance of an oscillatory circuit, and the measurement of self-inductance. 
The results are compared with measurements made by thermal ammeters ; 
the errors introduced by the high resistance of these instruments relative 
to the resistance under test and by their large power consumption are 
clearly demonstrated. B. II. 


976. The Dynamometer Wattmeter. B. Hague. (Electrician, 92. pp. 96- 
97. Jan. 25. 1924.)—The two standard methods of connecting a watt¬ 
meter to measure the power passing from the a.c. supply to a reactive 
load arc shown, together with the appropriate vector diagrams in Figs. 1 
and 2. The point which the author demonstrates is that the order in which 










the two corrections, (1) for the instrument losses and (2) for the potential 
coil reactance, are to be applied to the instrument reading is different 
in the two cases. With the potential coil of the wattmeter connected 
on the alternator side of the current coil, the Power in load 
= K ac (Wattmeter reading) — Power loss in current coil; where 
k ac = cos <f>\cl[cos (ftp cos {<f* A c — (ftp)) and the phase-angles concerned are 
as shown in Fig. 1. With the potential circuit connected on the load side 
of the current coil, the power in load = Kbc (Wattmeter reading — Power 
loss in potential coil) ; where Kbc = cos <£bc/[cos (ftp cos (fac — M ■ 
the phase-angles involved being now as shown in Fig. 2. It will be seen 
that in the first case the correction for the reactance of the potential circuit 
is applicable to the wattmeter reading before the correction for the instru¬ 
ment loss, whereas in the second case the reactance correction is applied 
after the wattmeter reading has been reduced by the amount of the 
instrument loss. Although the correcting factors are of the same form in 
each case, the phase-angle of the load alone is involved in the second case, 
whereas in the first case the angle is the total phase displacement over 
the load and the current coil in series. In general the difference between 
( f ac an d (fnc is slight, but the difference may be important when the 
equivalent resistance and reactance of the load are also small.. R. E. N. 
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977. Measurement of Peak Voltages. R. D. Mershon. * (El. World, 
83. pp. 189-190, Jan. 26. 1924.)—The paper describes an accurate zero 
method of measuring peak voltages which utilises only standard apparatus, 
the whole arrangement being easily portable. A tungar rectifier is used 
to rectify the alternating voltage (or a known fraction of it) of which the 
peak value is to be found, this rectified voltage being balanced against a 
steady voltage produced by a d.c. potentiometer. A telephone is used 
to detect balance. So long as the direct voltage exceeds the peak value 
no sound will be heard in the telephone; the characteristic alternating- 
current tone will appear when the direct voltage is just less than the peak. 
The potentiometer is therefore adjusted until silence is just attained. 
Two sets of readings are taken for different fractions of the alternating 
voltage and a method of differences is employed to eliminate a zero error 
due to direct influence of the rectifier itself. The conditions for sensitive 
working are discussed, and two schemes of connection are shown. The 
method is also applicable to the measurement of peaks at frequencies so 
high that they do not of themselves produce an audible note. Transient 
voltages that are reproducible at will can also be determined by the 


apparatus. 


a. xi. 


978. Theory of Absolute Electrodynamometers. H. Hermann. (Zcits. 
Instrumentenk. 43. pp. 351-357, Dec., 1923.)—A mathematical treatment 
of the theory of various types of electrodynamometers and current 
weighers. J. W. T. W. 


979. Single-Spark Method for Electric Oscillation Measurements. O. 
Meisser. (Jahrb. d. drahtl. Tele. 22. pp. 204-216, Nov., 1923.)—Describes 
research on a method due to Wien [Abstract 789 (1923)]. It is shown 
that the single-spark method has several advantages over those using 
multiple sparks. The occurrence of partial sparks is reduced, and heating 
and disintegration of the electrodes is very small, so that the method 
lends itself to accurate measurement. Experiments are then described 
in which circuits, clectromagnetically coupled, are shock excited by a 
single-spark primary circuit whose decrement is much increased by means 
of a fluid resistance. The method was employed to investigate the critical 
coupling between two circuits. The results are tabulated and show the 
critical coupling for the circuits used to be about 3%. A. W* 


980. Decrement Determinations, especially for Highly Damped Circuits. 
O. Meisser. (Jahrb. d. drahtl. Tele. 22. pp. 217-229, Nov., 1923.)—A 
discussion is first given of the applicability of Bjerknes’ formula; and 
methods to the single-spark shock excitation method previously described 
[see preceding abstract]. It is shown that Bjerknes' formula is valid 
for very large decrements, and that his method of evaluation can be 
applied quite generally. Experiments with circuits having small decre¬ 
ments have results in excellent agreement with theory, and for circuits 
with strong damping the results were not more than a few per cent. out. 


981. Application of Oscillating-Valve Circuits to Precise Measurement 
of Physical Quantities. J. E. P. Wagstaff. (Phil. Mag. 47. pp. 66-84, 
Jan., 1924.)—Whiddington and others have indicated the utility of the 
oscillating-valve circuit in making certain physical measurements of 
quantities .which can be reduced to some change of electrostatic capacity- 
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The author in this paper gives an investigation of some of the applications 
of the method. Two valve-maintained oscillatory circuits generating 
oscillations of the order of a million cycles per second are arranged to 
produce a beat note of audible frequency in a loud-speaking telephone. 
The condenser to be measured is joined in parallel with the condenser in 
one of the oscillator}' circuits and its capacity is determined from the 
observed change in the beats. Full details of calibration of the audible- 
notes and of the high-frequency oscillations are given and the applicability 
of the usual Thomson formula for the dependence of frequency on capacity 
is critically discussed. 

Using this method the following problems are investigated : (i) Deter¬ 
mination of the dielectric ratio of air and its variation with pressure ; 
(ii) measurement of magnetic susceptibilities, using a small condenser with 
one of its plates attached to one end of a torsion balance beam to the 
other end of which the specimen is attached in such a way as to hang in 
a known magnetic field ; (iii) measurement of the strength of a magnetic 
field ; (iv) tests on the effect of electrostatic charge on the surface tension 
of mercury. Full experimental details are described. B. H. 

982. Measurements with the Electric Tuning Fork. S. Timpanaro. 
(N. Cimento. 25. pp. 287-289, May-June, 1923.)—Measurements with the 
telephone bridge are usually made with the employment of alternating 
currents furnished by special induction coils or by generators with thermi¬ 
onic valves or by microphonic vibrators with which it is sought to obtain 
a note as pure as possible. A simpler method of attaining the same object 
is described in this paper, that by means of the pulsating current which 
is obtained by inserting an electric tuning fork in the circuit of an accu¬ 
mulator. The electric tuning fork can be so placed that the interval of 
minimum is very distinct and exactly defined. The author has found 
the arrangement a sensitive one for the measurement of capacity, of the 
resistance of electrolytes, and of the internal resistance of cells. J. J. S. 

ALTERNATING CURRENTS AND MAGNETISM. 

983. Rotating Currents. E. Persico. (N. Cimento, 26. pp. 41-44, 

July-Aug.-Sept., 1923.)—Cross alternating currents in phase-quadrature 
would produce a resultant with rotating vector which would produce no 
magnetic field ; but if we take into account positive and negative ions of 
different mass as the carriers of the current, there ought to be a residual 
magnetic field produced. This is. however, of the order <f> = 10 ” 21 e.-m. 
units for platinum. A. D. 

984. Alternating-Current Resistance and Inductance of Single-Layer 

Coils. C. N. Hickman. (Bureau of Standards, Sci. Papers, No. 472. 
pp. 73-104, 1923.)—New formula? are developed for the resistance and 
inductance of parallel " go and return ” circuits consisting of the same 
number, size, and spacing of wires as in the coil. The conditions are 
examined under which these formula are applicable to the coils. The 
methods are an extension of that of Curtis [Abstract 306 (1921)]. Experi¬ 
mental results are given at frequencies of 1000 to 3000 on large coils 
wound with bare copper wire 5-19 mm. diam. The measured values 
agree very closely with those calculated by the new formulae, but differ 
greatly from those calculated by the formula; of Sommerfeld and 
Butterworth. G. W. O. H. 
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985. Polar Oscillograms. A. G. Beliavsky. (Electrician, 92. p. 38, 

Jan. 11, 1924.)—Polar oscillograms arc especially useful in determining 
alternating-current curve deformations. The voltage curve may be 
considered practically as a sine curve if its instantaneous voltage does not 
differ from the instantaneous voltage of the first harmonic wave by more 
than 5 per cent, of the maximum ordinate of the first harmonic. The 
construction of this curve involves tiresome calculations, whereas in the 
polar coordinate system the first harmonic produces an exact curve 
whose construction presents no great difficulties. The examination of 
the polar oscillograms for steady and unsteady states and particularly 
for damped oscillations arc of great practical interest. By photographic 
means a polar oscillogram can be obtained from an ordinary oscillograph, 
depending on the fact that the sensitive film fastened on to the disc is 
revolving and on it is oscillating in the radius direction the light-ray 
coming from the looking-glass of the oscillograph. If the disc rotation is 
synchronous with the current passing through the oscillographic loop a 
polar oscillogram is obtained. T. C. H. 

986. Oscillographic Study of Current and Voltage in a Permeameter Circuit. 

W. B. Kouwenhovcn and T. L. Berry. (Am. I.E.E., J. 42. pp. 1305- 
1308, Dec., 1923.)—A permeameter of the U-shaped yoke type was 
employed, and the magnetising current, and the e.m.f. induced in a search 
coil wound over the magnetising coil, were measured by an oscillograph. 
Using a carbon brtak magnetic blow-out circuit-breaker, first with 
open, then with closed magnetic circuit, the times to reduce the current 
(7-5 amps.) to zero were 1*25 and 1-68 seconds; oscillogram curves are 
given. With a 20-ampere snap switch immersed in oil, the times in the 
two cases were reduced to 0-23 and 0-24 second ; a current of 0 06 amp. 
was interrupted in 0 02 second. The lag of the flux behind the magnet¬ 
ising current was found to be caused by eddy currents in brass rings at 
the ends of the magnetising solenoid ; on removing the rings, the lag 
almost completely disappeared. Two new permeameters were then 
constructed in which the use of a laminated core was found materially to 
reduce the time of reversal of the current. G. E. A. 

987. Diamagnetism of the Gases Helium and Argon. G. Joos. (Zeits. 
f. Physik, 19. 5-6. pp. 347-350, 1923.)—Pauli has shown [see Abstract 
728 (1921)] that values for the principal electrical moments of inertia 
derived from the experimental data for the diamagnetism of helium and 
argon are ten times greater than those to be expected from theory. The 
data relating to measurements of the susceptibility of salt solutions are 
employed to calculate the atomic susceptibility of ions of the above gases. 
The values thus found are in agreement with those to be expected according 
to Bohr’s theory ; direct measurements do not confirm these results. 

G. E. A. 

988. A New Electromagnet. H. Boas and T. Pederzani. (Zeits. 
f. Physik. 19. 5-6. pp. 351-374, 1923.)—After reference to the electro¬ 
magnets of Ruhmkorff, Ewing, du Bois, and Weiss, an electromagnet is 
described in which the Ruhmkorff form is retained. Air cooling is adopted, 
a motor for this purpose being housed within the yoke. The electromagnet 
windings consist of a series of flat coils separated by spaces to facilitate 
cooling. Copper strip is used for the conductor and is wound into eight 
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cotton-covered coils, each of eighty turns, on each limb. The coils are 
boxed in, and the cooling is such that a current of 25 amperes at 132 volts 
can be kept on indefinitely. Measurements with the electromagnet are 
detailed with graphs which give the output with Hat and conical pole- 
pieces, varying pole distance and varying current. The weight of the 
magnet is 219 kg., its resistance with a rise of temperature of 55° is 5*3 
ohms, and the power required is 3 • 4 kw. With a pole gap of 1 mm. between 
faces 10 mm. in diameter, the field obtained is 48.000 e.g.s. With ferro- 
cobalt pole-pieces a higher efficiency could be attained. G. E. a. 

989. Susceptibility of Paramagnetic Double Sulphates at Low Tempera¬ 

tures. L. C. Jackson and H. K. Onnes. (Roy. Soc.. Proc. 104. 
PP; 671-670, Dec.. 1923. Comm. No. 168 b from the Phys. Lab., 
Leiden.)—An extension of previous work (see Abstracts 1988 and 1989 
(1923)] to the cobalt potassium, cobalt rubidium, and manganese 
ammonium sulphates. Prom measurements on these substances over a 
range of absolute temperature 291° to 15°. it is found that the cobalt 
compounds follow , the law : X m(T + A) = constant down to about 
/ 0 ° abs., where Xm is the molecular susceptibility corrected for the 
diamagnetism of the anion. The substances have approximately equal 
As. but at temperatures lower than 70° the value of Xm is greater than 
that calculated from the above law. The manganese ammonium salt 
obeys the simple Curie law: *T =, constant over the whole range of 
temperature used. The magneton numbers found for the above sub¬ 
stances were 25-32. 26-38. and 29-21 respectively. G. P. A. 

990. The Photomagnetic Effect. N. v. Raschevsky. (Zcits f 

Physik. 20. 3-4. pp. 191-195, 1923.)—J. Dorfmann has recently shown 
that the alteration of the space quantum number of a molecule is accom¬ 
panied by an emission or absorption of light, and that therefore an 
absorption of light can result from magnetisation [Abstract 2513 (1923)]. 
The author in 1918. in a paper published in Russian, dealt with the 
possibility of such an effect from the classical point of view, and recapi¬ 
tulates the mathematical treatment employed in the present paper. 
The amount of magnetisation to be expected, according to these calcula¬ 
tions, m ca;sium vapour, is very minute indeed, when circularly polarised 
light is passed through it. and this agrees with an experiment by Righi, 
who could find no effect with N0 2 , although the magnetometer he employed 
was a sensitive one. Using the quantum theory not only the space 
quantum number, but also the azimuthal quantum number concerned 
with the absorption of a circular polarised light wave, must alter the 
magnetic moment of a molecule. H. N. A. 

991. Magnetic Ageing of Iron and Steel. T. E. Green. (World 
Power, 1. pp. 41-43, Jan., 1924.)—In transformers the effect of ageing 
in soft iron is seen in the increased hysteresis losses which take place in 
the course of time. Losses due to this cause were almost entirely elimi¬ 
nated with the invention of silicon steel, but the physical and chemical 
changes involved are still only imperfectly understood. A table of tests 
by Clinker shows that the percentage loss is greater in the annealed than 
in the unannealed specimen. With permanent magnets the effect of 
maturing is considered, and various facts are brought forward, e.g. the 
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permanence of certain magnets was greater in the larger of these magnets; 
also steel quenched in water is harder than steel quenched in oil, but 
the second of these has greater magnetic permanence. It is concluded 
that much remains to be done in the field of magnetic ageing. G. E. A. 


992. Magnetic Hysteresis at High Frequencies. W. Kaufmann. 

(Phys. Zeits. 24. p. 504, Dec. 1-15, 1923. Paper read before the Deut. 
Physikertag., Bonn. Sept., 1923.)—The question of a change in the form 
of hysteresis curves due to a time-lag in magnetisation is one on which 
experimenters disagree. Two hysteresis curves are given, each drawn 
through points obtained by two methods, namely the statical and one 
using a frequency of 500. for an iron wire 0-15 mm. in diameter. The 
eddy-current effect is estimated at less than 2 per cent., and the time-lag 
in magnetisation is regarded as quite negligible. G. E. A. 

993. Magnetic Hysteresis. Brylinski. (Ann. de Physique. 20. 
pp. 241-247. Sept.-Oct., 1923.)—A mathematical investigation of the 
expression for the induction in terms of the field for a ferro-magnetic 
substance using a Fourier series of the form 

B sin (cot — <f>) + B 3 sin (3cot -<£,) + .. . +B M1 sin [(2n + l)o>/- <£ 2 n+i] 

the field being a harmonic function of t and the induction consequently 
expressed as a function of /. . 

Neglecting higher terms. B 2 — 2/zBH cos <f> + \t 2 H 2 = /x 2 Hw 2 sin l <p. an 
ellipse approximating in shape to the hysteresis loop. Since energy/unit 
volume — J/xHm 2 sin <f>, and using Steinmetz formula for the loss of 
energy, sin (f> — 4^fA n “ , Hm H - 2 , where rj mm Steinmetz coefficient, deter¬ 
mining <t>. The method is applied to the problems of a cylindrical 
conductor of given radius. W. V. M. 


994. Magnetic Properties of Silicon Steel in a Large Transformer. 
G. H. Cole. (Elect. J. 21. pp. 17-24. Jan., 1924.)—A detailed study is 
given of the magnetic properties of 4 % silicon steel in a 4166 kv.a., 
single-phase, 60-cycle transformer, the core plates being 0-36 mm. thick. 
Circular oscillograms were taken at various inductions and at 25 and 
60 frequency. Hysteresis loops were also taken with direct-current, at 
various maximum inductions from 1000 to 19,000 gauss, by means of a 
volt-second meter apparatus [see Abstract 1101b (1915)). The magne¬ 
tising current corresponding to these loops was analysed into its com¬ 
ponent harmonics, and the current waves actually obtained at 26 an 
60 frequency also analysed, and the core loss deduced from the results 
of the analysis, in addition to being measured by means of a wattmeter. 
Core-loss loops, deduced from the oscillograms, are given in the paper, 
as well as graphs showing the manner in which the magnitudes of the 
various harmonics in the exciting current are dependent upon the value 
of the maximum induction density. It is not possible to abstract in 
detail the great wealth of information contained in the paper, but the 
following points may be mentioned. The eddy-current losses in the 
transformer were a larger percentage of the total than in an Epstein 
sample, owing to the greater mechanical pressure. At 60 cycles, t e 
eddy-current loss was 24 per cent., and at 25 cycles, 11 per cent, of t e 
total loss ; these percentages varied little with the induction, and in no 
consistent way. Throughout the lower range of the induction—up 
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9000 gauss—the Steinmetz index for direct-current hysteresis was 1 -64 ; 
for alternating current hysteresis 1 • 68 ; and for the total core loss it was 
1*75. For inductions above 9000, these figures no longer hold. At 
about B = 18,000 the slope of the direct-current hysteresis loss curve 
was found to be increasing as the fifth power of the induction. 

A slight variation from a sine wave in the impressed voltage had 
a marked effect on the current wave shape. For B = 12,000 the ampli¬ 
tudes of the fundamental, third, fifth, seventh, and ninth harmonics of 
the current were respectively 90, 41*5, 12, 2-5, and 1*5 per cent, 
approximately of the amplitude of the equivalent sine wave. A. E. C . 

995. Theory of the Magneton. A. Sommerfeld. (Zeits. f. Physik, 

19. 4. pp. 221-229, 1923.)—Pauli first brought forward the view that for 
the calculation of paramagnetic 'susceptibility the spatial quantelation 
should be considered. The magneton numbers of Weiss can be reduced 
to small whole multiples of the quantum theory unit (Bohr’s magneton). 
Pauli’s calculation is based on the spatial quantelation of the hydrogen 
atom; that is, the normal Zeeman effect. The author has already 
noticed that the formula of Pauli needs correction if it is to be used for 
non-hydrogen atoms, i.e. for atom states which behave anomalously in 
the Zeeman effect. In this paper he considers the correction and its 
•influence on the magneton numbers concerned. Then the beautiful 
regularity which henceforth is exhibited in the distribution of the 
magneton numbers over the region of the periodic system which comes 
into consideration is noticed. J. J. S. 

996. Magnetic Circuit of Permanent Magnets. G. H. Perrin. 
(Rev. G6n. d’fil. 14. pp. 963-965, Dec. 15. 1923.)—From a consideration 
of the magnetic circuit it is shown that the volume of a permanent 
magnet should vary in the inverse direction with (BH) maK . and that 
its length should diminish as fi diminishes. The value of a steel for a 
magnet is indicated by the product BrHc for the steel; high permanence 
requires a low value of Br/Hc. [See also Abstract 367b (1921).] G. E. A. 

997. Magnetic Researches. Part XXII. Determination of the Magne¬ 

tisation at Very Low Temperatures, and Susceptibility of Gadolinium 
Sulphate in the Region of Temperatures Obtainable with Liquid Hydrogen. 
H. R. Woltjer. (K. Akad. Amsterdam. Proc. 26. 7-8. pp. 613-625, 1923. 
Comm. No. 167b from the Phys. Lab., Leiden.)—The value of extending 
the investigation of the magnetisation of paramagnetic substances to the 
temperatures* obtainable by means of liquid helium was confirmed by 
the work of Onnes on the magnetisation of gadolinium sulphate 
[Abstract 119 (1915)]. The methods used for measuring the magnetisation 
(see following abstract) are described and the necessary corrections 
considered in detail, special attention being paid to the topographic 
calibration of the electromagnet, which was carried out partly by 
investigating gadolinium sulphate in liquid hydrogen. The value of the 
magnetic susceptibility of this salt is 1 x 0566 X 10~ 3 at 20-31° K. and 
1*4663 x 10-3 at 14.68° K., the corresponding values for the Curie 
constant being 2-146 x 10~ 2 and 2-152 x 10“ 2 . T. H. P. 

998. Further Experiments with Liquid Helium. Magnetic Researches. 
Part XXIII. Magnetisation of Gadolinium Sulphate at Temperatures 
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Obtainable With Liquid Helium. H. R. VVoltjer and H. K. Onnes. 
(K. Akad. Amsterdam, Proc. 26. 7-8. pp. 626-634, 1923. Comm. 
No. 167c from the Phys. Lab.. Leiden.)—From the results of measure¬ 
ments of the specific magnetisation of powdered hydrated gadolinium 
sulphate [see Abstract 119 (1915)] at temperatures ranging from 
1-31° K. to 4-20° K., it appears that Langevin’s formula holds, although 
the fundamental assumptions of Langevin's theory do not apply. For 
the parameter a of this theory the value 7 is almost reached. The 
highest magnetisations obtained are about 84 per cent, of that corre¬ 
sponding with perfect parallelism of all elementary magnets ; this result 
is independent of the uncertainties in the temperature and in the value 
of the demagnetising field. Hence, Ehrenfest’s theory is not applicable 
in this case without further extension, since this theory, which is based 
on quanta assumptions and, unlike Langevin's theory, is valid directly 
for crystal powders, gives for the saturation magnetisation only 50 per 
cent, of the above value. T. H. P. 


999. Status oj Magnetic Surveys, 1922. (Internat. Geodet. and 
Geophys. Union, Bull. No. 3. pp. 31-56. Oct., 1923.) 

1000. Comparisons of Magnetic Instruments and Methods of Absolute 
Magnetic Measurements. (Internat. Geodet. and Geophys. Union, Bulb 
No. 3. pp. 75-99, Oct., 1923.)—Report of Chairman of Committee. 

1001. Magnetic Declination, Kew. C. Chree. (Meteorolog. Office, 

Geophys. Mem. No. 22. pp. 21-47. 1923.)—The absolute daily range of 
magnetic declination ( i.e . the excess of the absolute maximum over the 
absolute minimum of the day) is found for all available days of the 
42 years 1858-1873 and 1875-1900. The times of the occurrence of 
the daily maximum and minimum are also determined. The agreement 
with sunspot frequency for the later periods is very close, and dis¬ 
crepancies in the earlier period remain unaccounted for. Annual and 
diurnal variations and distributions are also considered. There appears 
to be a considerable consensus of evidence in favour of a progressive 
retardation of the day maximum. W. A. R. 

1002. Results from Magnetic East-West Paths around the Earth. W. J* 
Peters. (Terrest. Magn. 28. pp. 83-88, Sept., 1923.)—Various methods 
of constructing paths round the earth, which are everywhere perpen¬ 
dicular to the horizontal component of the earth’s magnetic field, are 
reviewed. A graphical method, employing isogonic charts, is decided 
upon as most practicable, and the results are given of the construction 
of eleven such paths, beginning at different points on the meridian of 
Greenwich and passing completely round the earth back to this meridian. 
Certain British Admiralty charts for the epoch 1922 are used. The paths 
do not arrive back on the Greenwich meridian quite at the starting-point, 
and a measure of the lack of closure of each is given, and the quantity, 
arc tan {p/s ), is tabulated, where p is the perpendicular distance between 
the initial and final portions of the path and s is the length of the path. 
This gives the average angle east or west of magnetic north that the 
direction of the horizontal component of the earth's magnetic field mu * 
have been deflected from the direction a magnetic potential system would 
give it, in order to produce the lack of closure. For paths in the northern 
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hemisphere the average value of this average angle is 3' east, while for the 
southern hemisphere it is 9' west, quantities in fair agreement with 
certain conclusions of Bauer as the result of the indicated existence of 
a 11011 -potential system which contributes about 3 per cent, to the macnctic 
force observed at the earth's surface. M A G 

1003. Simple Measure of the Earth s Daily Magnetic Activity. L A 

fnr U n\ Geodet - and Gco P h y s - Union, Bull. No. 3. pp. 103- 

lO^Oct.. 19230 Criterion of Magnetic Disturbance. C.Chree. (Internal 
Geodet. and Geophys. Union. Bull. No. 3. pp. 107-114. Oct.. 1923.)— 
™* ne * d fOF am ° re f recise measure of the degree of magnetic distur- 

intcrLtLnf, 3 " 1 ^ ,hat fUrniShed by the scheme of 

international character figures, has led to discussion as to what 

x\ ould be a suitable measure to adopt. Since Bidlingmaier suggested his 

measure of magnetic activity " as the mean value of (A**+ A+ Ac-J/Htt 

for the day at the station concerned, where A*, etc.^ represent 

departures from ■'normal" of the three rectangular component! 

ma S n etic force, several other investigators, including the present 

authors, have proposed measures. The present papers embody the views 

mtir-.! r SPCC r, a " ,hors on ,l,e sub J«t. both from the theo- 
Home mee.i P T‘! stand P°; nt - as presented at a discussion a. the 
ltorne meeting last year of the Section of Terrestrial Magnetism and 
Atmospheric Electricity of the International Lnion of Geodesy 2d 
;eophys ,cs . In Hauer s paper will be found a convenient summaVol 
the various measures proposed, with a comparison using actual data 

M. A. G. 

RADIOGRAPHY AND ELECTRO-PHYSIOLOGY. 

pri°SL £ u^sr-r ■»-„£?* 

material fhe rnml , s’ °"- the '"‘reduction of any new protective 

”ed Ts error, ™ “ nder Wh ‘ Ch “ iS to bc °P erated must be *Peci- 

P 24 Jan I! ™024) ‘° absM P t ' on Errala <«*■ 25. 

B. J. L. 

ThlC APP lication of Electricity to Medicine and Surgery. G. 
nl™ < Elettrotecmca - 1( >- PP- 766-770. Nov. 16, 1923.)—In 
this paper, after a very bnef account of the ways in which electricity 
ei “P!oy ed by the medical profession, more detailed descriptions. 

which 1 ^ Ven ° f X_ray a PP aratus and - especially that in 

which a Coolidge tube is used. A E C 
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1006. Second Report of the Committee on Contact Catalysis. W. D. 
Bancroft. (J. Phys. Chcm. 27. pp. 801-941. Dec., 1923.) 

1007. Action of X-Rays upon Platinum Catalysis. R. Schwarz 
and M. Klingenfuss. (Zeits. Elektrochem. 29. pp. 470-474, Oct., 
1923.)—Experiments were carried out to determine the cause of 
increased output in the contact sulphuric acid process (in which finely 
divided platinum acts as a catalyser) when the catalyser is subjected 
to X-radiation. The hypothesis is made that the action of the radia¬ 
tion is to split up water, in the form of steam, into its constituents and 
the oxygen is obtained in a chemically active (nascent) form which 
forms a peroxide of platinum, the latter metal acting as an oxygen 
carrier. Various experiments are described in detail with tables of data 
obtained, and the part played by the water is considered. As a result 
it is concluded that X-rays give rise to a /3-radiation which has a 
photolytic action upon water, producing active oxygen, which then acts 
as already stated. Fatigue of the platinum during the process is due to 
its smaller oxygen content when in this state. An alternative explanation 
by Ellinger, in which the oxygen process is intensified by negative 
electrons given out by the metal under the action of X-rays, is stated 
to be erroneous, as in this explanation water plays no part. B. J. L. 

1008. Nature of the So-called Adsorptive Power of Finely Divided 

Carbon. I. Rinding of Water by Animal Carbon. J. R. Katz. (K. Akad. 
Amsterdam. Proc. 26. 7-8. pp. 548-560, 1923.)—The validity of 

Freundlich’s formula representing the fixation of substances by carbon 
[Abstract 1234 (1907)] is not a sufficient proof that the phenomenon is 
one of surface adsorption, and more information is obtainable from 
simultaneous measurement of the fixation isotherm and of the heat of 
sorption as a function of the quantity of fixed substance. 

The results of experiments made on the fixation of water by the purest 
animal carbon obtainable show that the isotherm comprises an almost 
horizontal middle part, similar to that found with the isotherm of freshly 
made silicic acid ; the curve showing the heat of fixation exhibits a 
corresponding horizontal portion. On the assumption that the form of 
these curves is due to the existence in the carbon of a system of micro¬ 
capillaries, the radius of such capillaries is calculated to be 1 - 2 — 2-6 /*/*• 
It is noteworthy that this value agrees closely with that found in the 
case of silicic acid. The author is, however, doubtful whether the above 
explanation of the phenomenon is the true one. and it is suggested that 
a more probable explanation lies in the difficult moistening of the 
carbon by the water. A striking point is the pronounced hysteresis of 
the isotherm. T. H. P- 

1009. Are the Natural Groupings of the Elements and the Spectral 
Lines of Hydrogen Related? F. H. Loring. (Chem. News, 127. 
pp. 257-259, Oct. 26; 273-275. Nov. 2; 290-291, Nov. 9; 337-339, 
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Nov. 30; 355-358. Dec. 7; 369-372. Dec. 14; 386-388. Dec. 21. 1923; 
128. pp. 5-8. Jan. 4 ; 17-18, Jan. 11 ; 49-54. Jan. 25. and p. 81. Feb. 8. 
1924.)—The author plots the wave-lengths of the lines H„. H*. H y . H 4 . 
and H, of the Balmer series of hydrogen against the numbers 7. 9. 13. 
21, and 24, which he obtained in connection with his live natural groups 
and groupings of the elements (Chem. News. p. 225. 1923). and finds that 
the relation of the two sets of quantities is a linear one ; he considers 
that this suggests that the “ place principle " of. the main hydrogen 
orbits is fundamentally the same as the places in the periodic table, as 
represented by his natural groups and groupings, and proceeds to dis¬ 
cover similar numerical relations between the distances of the planets 
from the sun. and of the satellites in the solar system from their planets. 
On these grounds he proposes a modification of the Bohr theory. H. N. A. 

1010. The Present Position of the Periodic Late. W. R. Cooper. 
(World Power. I. pp. 18-24. Jan., 1924.) A review of the subject. 

1011. Physical Chemistry of the Vehicle and of the Emulsion. T. S. 

Price. (Faraday Soc.. Trans. 19. pp. 256-260. Nov., 1923. Comm. 
No. 31. from British Photo. Research Assn. Lab.)—The particular pro¬ 
perties gelatin possesses which make it especially suitable as an emulsion 
medium is the subject of this paper. In discussing these properties 
gelatin is contrasted with collodion, the other medium which is largely 
used for certain types of photographic emulsions. It is. however, con¬ 
cluded that we arc still in the dark as to what makes gelatin so valuable 
as a sensitising material. A. E. G. 

1012. Structure of the Photographic Emulsion. E. P. Wlghtman, 
A. P. H.Trivelli and S. E. Sheppard. (Eastman Kodak Co. Research 
Lab., Comm. No. 180. Faraday Soc., Trans. 19. pp. 270-279. Nov., 
1923.)—The object of this communication is to help to build up a general 
theory of emulsion formation, in the light of present advances in colloid 
chemistry, in crystallography, and atomic structure. The study of the 
structure of the emulsion is here divided into two principal problems : 
(1) The habit (shape) of the individual crystal and the distribution of 
shapes. (2) The size (dispersity) of the primary grains, and the distri¬ 
bution of their sizes. Subsidiary, although important, problems are : 

(3) The " clumping " of primary grains and secondary aggregations. 

(4) The adsorption of substances to the grains. The last of these is 

here considered as a factor modifying crystal habit rather than a feature 
of the complete structure. A. E. G. 

1013. Sensitivity of a Silver Bromide Emulsion ; Action of Chromic 
Acid. W. Clark. (Faraday Soc., Trans. 19. pp. 309-313, Nov., 1923. 
Comm. No. 23. from British Phot. Research Assn. Lab.)—From the 
experimental results given it follows that the product of the action of 
light (and fogging agents) on the plate is much more readily attacked by 
chromic acid (and acid-bromide-dye mixtures) than is the sensitivity¬ 
giving material itself, although this latter is slowly attacked. Increase 
in the preliminary exposure, past a certain minimum value, for a given 
time of immersion in chromic acid, does not bring about a corresponding 
decrease in sensitivity. The reduction in speed produced by chromic 
acid treatment is not due merely to adsorption of the densitiscr by 
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the silver halide. The action of the chromic acid is to decrease the 
speed of the plate, to increase the gamma and lower the range and also 
to diminish the fog. As regards the actual mechanism of reduction of 
sensitivity by chromic acid, it must act either by absolute removal of 
the sensitivity-promoting substance, by its conversion into a photo¬ 
insensitive material, or else after the manner of a " catalyst poison." 
It is extremely probable that the removal of the latent image is by 
solution of its substance by the chromic acid ; but if the purely 
desensitising action is to convert the " vital substance ” itself in situ into 
an insensitive compound, it should be possible by suitable chemical 
means to reconvert it to its original form with a consequent restoration 
of sensitivity. ^ E q 

1014. Under-Exf>osure Period of the Characteristic Curve. R. Luther. 

(Faraday Soc.. Trans. 19. pp. 340-348. Nov., 1923.)— The general conclu¬ 
sions drawn in this paper arc the outcome of the examination of about 
700 characteristic curves, it is considered that as a first approximation 
to the truth it may be accepted that in the under-exposure portion all 
characteristic curves of the same gamma arc geometrically similar, so 
that a single constant is sufficient to express the shape of the curve in 
this region. Experiments show that this constant depends primarily 
on the emulsion, considerably less on the developer, and scarcely at all 
on the gamma. This constant is independent of the sensitivity itself 
but in general the ** weakest ” emulsions are also the most sensitive. 
It can also be stated with a fair degree of accuracy that the slope of the 
characteristic curve at the inertia-exposure is about one-half of y. A 
few mathematical trials arc made to formulate the nature of the inde¬ 
finite function, /. in such a way that it should satisfy the conditions 
given, and correspond with the empirical form of the characteristic 
curve, and also, if possible, have a theoretical basis. Two functions are 
examined more closely in this connection, (1) a purely empirical one, 
and (2) one based partly on theoretical grounds. The question of pro¬ 
portional reduction is discussed, and a new method of intensification is 
described. * a. E. G. 

1015. Chemical Valency of the Metals as an Energy Question. H. G. 
Grimm and K. F. Herzfeld. (Zeits. f. Physik. 19. 3. pp. 141-166, 
1923. Phys. Zeits. 24. pp. 486-488. Nov. 1-15, 1923.)— The positive 
valency of a metal, corresponding with the liberation during chemical 
reactions of a number of electrons equal to the valency number, is shown 
by decomposition of the heat of formation into elementary magnitudes 
not to be determined solely by the magnitude of the work of ionisation 
for the detached electrons ; it depends, besides, on the heats of subli¬ 
mation of the participants in the reaction and on two magnitudes relat¬ 
ing to the anion, especially on the lattice energy of the product of the 
reaction. The positive maximum valency, that is. the valency which 
increases in every period with the group number of the periodic system, 
is determined by the fact that the “ driving chemical forces ” (actually 
the lattice energy which increases with the valency) may furnish the 
corresponding increasing work of detachment for the valency electrons, 
but is no longer able to provide the relatively greater amount of work 
required to withdraw an electron from a stable shell. An exception to 
this occurs with the*cupric ion. 
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The sharp change in valency occurring with the elements at the 
beginning of principal and sub-series depends on the existence of a dis- 
' tinct maximum for the heat of formation of those compounds of which 
the kation has given up the electrons situate outside of a stable shell. 
The periodicity of chemical properties, that is, the recurrent repetition 
of similar valency relationships in the system of the elements is condi¬ 
tioned, not only by repetition of similar relations determined by the 
number and work of liberation of the electrons, but also by a corre¬ 
sponding similarity in the lattice energy, etc., the heats of formation of 
the compounds of homologous kations being of similar orders of 
magnitude. T. H. I*. 

1016. Valence and the Electron. G. N. Lewis. (Faraday Soc.. 

Trans. 19. pp. 452-458, Nov., 1923.)—This address consists of a discussion 
of such controversial topics as the physicist's and chemist’s views of the 
structure of the atom, the electron pair and its function as the chemical 
bond, nomenclature of the valence theory, multiple bonds, tautomerism, 
conjugation, and electrical polarisation in the molecule. I. H. 1*. 

1017. Bohr's Atom in Relation to the Problem of Covalency. R. H. 
Fowler. (Faraday Soc., Trans. 19. pp. 459-408; Disc., 476-482, 
Nov., 1923.)—The author deals with some of the difficulties encountered 
when attempts are made to apply modern views of atomic structure to 
the structure of molecules and to the chemical problems of valency. 
Among the points considered are the physical interpretation of covalency, 
the possibility of the sharing of odd numbers of electrons and the bearing 
of such shared electrons on the question of directed valencies and of 
double and triple bonds, the impossibility of quadruple bonds according 
to the physical theory, and the distinction between covalency and 
electrovalency in the case of hydrogen. 

The possible modification of the order of development of different 
shells of electrons by chemical modifications )s discussed in connection 
with the hydrides of boron, the anion of potassium hydrogen fluoride, 
sulphur hexofluoridc and the silicofluorides, and the coordinated 
compounds of cobalt. T. H. 1\ 

1018. Native of the Non -Polar Link. N. V. Sidgwick. (Faraday 
Soc.. Trans. 19. pp. 409-475; Disc., 470-482, Nov.. 1923.)—The author 
assumes that Bohr's theory of the atom is true, that the non-polar, as 
opposed to the polar link, consists in the sharing of two electrons between 
the two linked atoms, and that the orbit of each shared electron includes 
both of the attached nuclei. The results obtained by applying this 
conception to the chemical facts are considered. The theory advocated 
in various forms by Flurscheim, Lapworth, Robinson, and others is 
discussed and Lowry’s theory of the nature of the double link is adversely 
criticised. J. J. Thomson, R. H. Fowler, W. A. Noyes, W. Bragg, 
V. Henri, G. R. Bury, and T. M. Lowry took part in the discu^min. ^ 

1019. Recent Contributions to the Theory of Induced Alternate Polarities 
in a Chain of Atoms. ■ A. Lapworth and R. Robinson. (Faraday Soc., 
Trans. 19. pp. 503-505, Nov., 1923.)—The authors criticise adversely 
some recent publications dealing with the principle of induced alternate 
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polarities deduced by Lapworth and by Kermack and Robinson. In 
particular, objection is taken to Lowry's theory of mixed double bonds, 
which fails to suggest any explanation of the above principle and is, 
moreover, inadmissible, since it introduces theoretical limitations where 
no distinctions are perceivable in practice. The appearance of graded 
electrovalencies in activated molecules and possibly in normal molecules 
containing carbonyl and similar unsymmetrical groups, were postulated 
by the authors prior to the publication of Lowry’s work. T. H. P. 

1020. Octet Stability in Relation to Orientation and Reactivity in Carbon 

Compounds. R. Robinson. (Faraday Soc., Trans. 19. pp. 506-507, 
Nov., 1923.)—With the object of clearing up misunderstandings concerning 
the explanation of the alternating polar effect advanced by Kermack and 
Robinson [Abstract 1794 (1922)], the author discusses further several 
points of the subject. T. H. P. 

1021. Nuclear Tubes of Force and Bonds of I ariable Polarity in an 

Atom. H. Henstock. (Faraday Soc., Trans. 19. pp. 508-513, Nov., 
1923.)—Various suggestions are made in order to remove difficulties 
encountered in the application of the principle of induced alternate 
polarities of atoms, advanced by Lapworth and by Kermack and 
Robinson [Abstracts 1794 (1922) and 1523 (1923)]. T. H. P. 

1022. Chemical Combination and Activation. E. K. Rideal. (Faraday 
Soc., Trans. 19. pp. 514-517, Nov., 1923.)—The part played by activation 
in determining chemical reactions of various types is discussed. T. H. P. 

1023. The Electronic Theory of Valency. (Faraday Soc., Trans. 19. 

pp. 518-537, Nov., 1923.)—The papers by A. Lapworth, R. G. W. Norrisli, 
E. F.. Walker. W. A. Noyes, J. Kenner. J. F. Thorpe. I. M. Heilbron, 
G. N. Burkhardt, R. Robinson. G. N. Lewis. T. M. Lowrv, C. R. Bury, 
B. FlUrscheim, and W. E. Garner, referred to in preceding abstracts are 
discussed. T. H. P. 

1024. Mechanism of Metallic Corrosion. G. D. Bengough and J.M. 
Stuart. (World Power, 1. pp. 25-34, Jan., 1924.)—Metallic corrosion 
is the oxidation of the metallic substance, the term oxidation being used 
in its widest sense ; and is not restricted merely to addition of oxygen to 
the metal. The oxidation may take place (1) by the direct union of the 
metal and oxygen, (2) by replacement of hydrogen ; hydrogen may or 
may not appear as a gas. Considerable discrepancies are found between 
the rate of corrosion and differences of strain, composition conductivity 
of electrolyte, solubility of oxygen in the electrolytes, and the position of 
the metal in the electrode potential series. The reason for the dis¬ 
crepancies is ascribed to the formation of scales. 

The scales may be crystalline, vitreous, and gelatinous. The nature 
of the scale is of fundamental importance in the study of corrosion. The 
corrosion of aluminium and copper was studied, as types of industrial 
metals. The behaviour of each metal was tested in common types of 
water, under three sets of conditions, namely, completely immersed in 
stagnant water, when subjected to a jet of water with and without en¬ 
tangled air. and when alternately wetted and dried. The corrosion is- 
rapid if the scale is soluble in the electrolyte ; it is slow if the scale is not 
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mechanically or chemically affected by the electrolyte. The production 
of pores or cracks in the scale by chemical or physical means results in 
pitting of the metal. F. J. B. 

1025. Corrosion of Iron in Water and in Neutral Salt Solutions. J. A. N. 
Friend. (Chem. Soc., J. 123. pp. 2996-2999, Nov.. 1923.)—Adeney and 
his co-workers [Abstract 2464 (1922)] find that dry gases are absorbed 
at room temperature about twice as rapidly as the gases saturated with 
moisture. The reason for this appears to be that evaporation of water 
into the dry gas cools the saturated surface layers, which continuously 
sink or " stream ” into the bulk of the liquid, thereby inducing circulation 
and more rapid aeration. In agreement with these results, experiments 
now described by the author show that water exposed to dry air is approxi¬ 
mately twice as corrosive towards immersed iron as is water exposed to 
air saturated with water-vapour. It appears, therefore, probable that 
satisfactory " repeat " results might be obtainable in corrosion experi¬ 
ments if the humidity of the air. in addition to the other factors, could 
be controlled. 

Adeney found also that the rate of dissolution of nitrogen in dilute 
solutions of sodium chloride at first increases to a maximum, and after¬ 
wards diminishes as the concentration of the salt increases. On the 
assumption that oxygen behaves similarly in this respect to nitrogen, it 
becomes possible to explain the relative rate of corrosion of iron immersed 
in salt solutions. The rate C is determined by four main factors : the 
chemical action of the dissolved salts, x : the solubility of oxygen, /3 ; 
the rate of dissolution of oxygen. R. and the rate of precipitation of the 
corrosion catalyst, namely, colloidal iron hydroxide, by the negative 
ions <f>. On the assumption that C is proportional to x and to , /‘A- 
follows that /(f). Of the various factors, x and (/> are less easily 

determined than p and R. but for dilute solutions of sodium chloride. 
X and <f» are small and approximately constant, so that for any concentra¬ 
tion m of the salt. C„ = p m Rm, where ft and R are expressed as per¬ 
centages of the values for distilled water under otherwise identical con¬ 
ditions. Experimental results obtained are in satisfactory agreement 
with this equation. T. H. P. 

1026. The De-Zincificalion of Brass. R. B. Abrams. (Am. Electro- 

chem. Soc., Trans. 42. pp. 39-50; Disc., 51-54, 1922.)—Experiments are 
recorded, the results of which indicate that the mechanism of de-zincifi- 
cation is as follows : The first step is the dissolving of the brass as a whole. 
The copper in solution then redeposits, replacing brass as a unit. This 
redeposition will not take place unless there is some means of holding 
the dissolved copper in contact with the brass. This can be accomplished 
in two ways, one by the presence of a membrane, the other by having a 
large excess of dissolved copper present. Obviously this latter possi¬ 
bility is a remote one, especially so far as natural conditions are concerned. 
The membrane may be anything whatsoever, so long as it performs the 
function of keeping the dissolved copper in contact with the brass. 
Whether or not de-zincification shall take place can be controlled by 
merely supplying or taking away the membrane. Author. 

1027. The Preparation and the Mechanical Properties of Vacuum- 
Fused Alloys of Electrolytic Iron with Carbon and Manganese. R. P. 
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Neville and J. R. Cain. (Am. Electrochem. Soc., Trans. 42. pp. 21- 
36 ; Disc., 36-37, 1922.)—This paper describes the preparation and 
mechanical properties of an extensive series of very pure alloys of electro¬ 
lytic iron, carbon, and manganese, whose compositions were so chosen 
as to bring out the specific effects on pure iron of additions of manganese, 
additions of carbon, and additions of carbon and manganese together 
in varying relative proportions. The maximum content, each of carbon 
and manganese in each series, is about 1 • 6 per cent. ; the minimum, 0 per 
cent., or pure iron. Three-pound ingots of the alloys were made by melt¬ 
ing electrolytic iron under vacuum in an electric furnace in a crucible of 
pure magnesia, to which the carbon and manganese were added after 
fusion of the iron. From these ingots tensile specimens were made and 
tested in the annealed state. The data were tabulated in the order of 
increasing carbon for comparison and interpretation of results, and are 
shown as graphs. [See also Abstract 1253 (1923).] Authors. 

1028. Sonic Electrical Properties of Alloys at High Temperatures. M. A. 

Hunter and A. Jones. (Am. Electrochem. Soc., Trans. 42. pp. 159- 
178; Disc.. 178-180, 1922.)—The materials used in the heating elements 
of commercial units may be divided into two classes. The first class 
comprises those which require materials with high specific resistance at 
the operating temperature. The second class includes those materials 
which in addition to having a high specific resistance must also withstand 
oxidation. The first class of materials can be operated successfully at 
temperatures not exceeding 500° C. The second class may be used with 
more or less satisfaction up to 1100°C. From the data contained in this 
paper the specific resistance of any material in either class at any operat¬ 
ing temperature may be calculated. In the first class the various grades 
of nickel have been investigated, together with two alloys of copper and 
nickel—'* Monel ’’ and ** Advance "—and two alloys of iron and nickel. 
In the second class the various grades of nichrome have been considered. 
Some information on the relation between the resistances of bright and 
oxidised wire is also given. Authors. 

1029. Effect of Heat Treatment on the Hardness and Microstructure 

of Electrolytically Deposited Iron. N. B. Pilling. (Am. Electrochem.' 
Soc., Trans. 42. pp. 9-17; Disc., 17-20, 1922.)—Some physical changes 
accompanying the heating of pure electrolytically deposited (kathode) 
iron have been studied. The initial effect of annealing is a very marked 
hardening, reaching a maximum at an annealing temperature of 300- 
400° C. The corresponding scleroscope hardness number is 45. At the 
same time the initial brittleness is removed. Heating at higher tempera¬ 
tures results in progressive softening, consummated above the Aj 
temperature (900° C.). Microstructural changes and the rate of decom¬ 
position of the unstable iron-hydrogen compound arc discussed in relation 
to the hardness changes. Author. 

1030. Tempering Soft Steels at very High Temperatures. Sauvageot 
and H. Delmas. (Rev. de Met. 20. pp. 777-795, Dec., 1923.)—This paper 
contains an account of certain researches on soft steels (containing less 
than 0*2 per cent, of carbon) tempered at high temperatures. A descrip¬ 
tion is given of the methods employed, and the results are expressed m 
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tabular and graphical form. A number of photomicrographs arc also 
included. Typical chemical analyses, mechanical test results, and heat 
treatment data are given. A. W. J. 

1031. X-Ray Analysis of Solid Solutions. E. A. Owen and G. D. 
Preston. (Phys. Soc., Proc. 36. pp. 14-30; Disc., 30, Dec., 1923.)- 
Examination by means of the X-ray spectrometer of the atomic struc¬ 
tures of solid solutions of copper-aluminium, aluminium-magnesium, and 
copper-nickel shows that, in each case, the solute atom replaces an atom 
in the lattice of the solvent, this substitution being accompanied by 
distortion of the lattice. Examination of a saturated solution of 
aluminium in copper shows that the aluminium expands the copper 
lattice from 3-60 to 3-65 A. The effect of adding nickel to copper is to 
produce a contraction of the lattice, the contraction being approximately 
a linear function of the atomic percentage of either constituent. Addi¬ 
tion of 8 per cent, of magnesium to aluminium increases the average para¬ 
meter from 4*05 to 4-10 A., whilst addition of 8 per cent, of aluminium 
to magnesium diminishes the average parameter of the hexagonal lattice 
of magnesium from 3-17 to 3-15 A., and increases its axial ratio from 
1 - 63 to 1-66. 

Examination 6i the eutectic alloy of aluminium and copper showed 
that this alloy consists of a mixture of two distinct substances with 
different space lattices ; the one is CuAlj and the other a substance with 
a space lattice indistinguishable from that of pure aluminium. The 
compound CuA 1 2 possesses a simple tetragonal lattice of side 4 -28 A. and 
axial ratio 0-562, the copper atoms being at the corners and the alumi¬ 
nium atoms at the centres of the four small faces. The atomic structure 
of the compound CuAl resembles that of a solid solution of aluminium 
in copper, but the distortion is considerably greater; the material has a 
face-centred trigonal lattice of side 3-89 A. and an angle between the axes 
of 94-6°, the 111 planes being composed alternately of aluminium and 
copper atoms. T. H. P. 

1032. X-Ray Analysis of Zinc-Copper Alloys. E. A. Owen and 
G. D. Preston. (Phys. Soc., Proc. 36. pp. 49-65; Disc., 65-66. Dec., 
1923.)—Alloys containing up to 38 per cent, of zinc, constituting the 
o-brasses, are found to possess a face-centred cubic lattice, the parameter 
increasing from 3-608 A. for pure copper to 3-696 A. for the 38 per cent, 
of zinc alloy. Solution takes place by the substitution of zinc atoms 
for copper atoms. X-ray analysis of a brass with 48-5 per cent, of 
zinc shows that the ^-brasses possess a centred cubic structure, the side 
of the unit cube being 2-946 A. Specimens quenched from 550® and 
annealed below 470° give identical spectra and show no sign of the pre¬ 
sence of the a-phase. The evolution of heat observed at 470° is not 
accompanied by a change of crystal structure and is similar to the a-/J- 
transformation of iron ; it is not associated with resolution of the /3 con¬ 
stituent into a mixture of the a and y components. Of specimens 
containing 43-7 per cent, of zinc, that annealed at 750° and quenched 
showed the reflections due to /}-brass alone, whilst that annealed at 500° 
and quenched, and that annealed at 400° consist of mixtures of the a- and 
fi- phases ; the results of X-ray analysis agree with the constitutional 
diagram given by Shepherd. The y-phase crystallises on a rhombo- 
hedral hexagonal structure of side 4-136 A. and axial ratio 0 -6495, and 
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the €-phase give* a spectrum characteristic of a close-packed hexagonal 
lattice of side 2-718 A. and axial ratio 1-585. 

The system zinc-copper crystallises on a rhombohedral hexagonal 
lattice from copper to y-brass and on a close-packed hexagonal system 
from €- (or possibly 8)-brass to zinc. The observed parameter of the 
lattice of e-brass suggests that the copper atom causes the zinc atom to 
rotate about an axis perpendicular to a 1120 plane until the zinc atoms 
in successive 0001 planes are separated by a distance equal to the side 
of the lattice of pure zinc ; fusion would then occur at about the same 
temperature in both cases. For the alloy containing 10 per cent, of 
copper the density is found to be 7-35 and not 6-8 grms. per c.c., as 
stated by Bam ford ; all the observed densities are in good agreement 
with the values computed from X-ray data. 

The hardness of the brasses attains a maximum in the region of 
y-brass, where the atomic volume curve shows the greatest departure 
from the straight line joining the atomic volumes of copper and zinc. 
The hardness of the a-phase is ascribed to local distortion and that of 
the /3-phase to the difference in type of lattice. The relatively very great 
hardness of y-brass is due to low atomic volume and loss of symmetry. 
The fact that the atomic volume curve consists of two straight lines 
suggests the existence of an allotropc of zinc with atomic volume 13-92 A. 
and consideration of the value of the parameter of the lattice of the 
/3-phase suggests that this phase is due to an allotropic modification of 
copper with the atomic volume 12-79 A. T. H. P; 

1033. Some Refinements of the Theory of Dissociation Equilibria. C. 

G. Darwin and R. II. Fowler. (Cambridge Phil. Soc., Proc. 21. pp. 730- 
745, Nov., 1923.) —The authors have lately published a series of papers 
[see Abstracts 713 and 714 (1923)] giving simpler methods for the proof 
of theorems of statistical mechanics. The starting-point of the mathe¬ 
matical calculus given is the identity between expressions naturally 
occurring and the coefficients of a multinomial expansion. For more 
complicated problems, such as gas reactions, the multinomial theorem 
is not applicable, and use was made of older methods, in which Stirling’s 
theorem was used in part of the problem. It is now shown that by a 
slight modification the same methods may be used for the general 
problem as for the simpler ones. The expressions required are still co¬ 
efficients in certain expansions in multiple power series, but to sum them 
use is made of the exponential instead of the multinomial theorem. The 
required coefficients are then picked out by a multiple instead of a simple 
complex integral. The single '* selector variable ** used in the authors' 
earlier method has a physical counterpart in the temperature. In the 
new theory the extra selector variables are shown to correspond to the 
partial potentials of thermodynamical theory. The paper contains little 
or no discussion of physical questions, but is concerned mainly with the 
new mathematical technique. T. B. 

1034. Influence of Polarisation upon Photo-Voltaic Effects. R- 
Audubert. (Comptes Rendus, 177. pp. 1110-1112, Nov. 26, 1923.)— 
An arrangement is described whereby the two plates of the cell are kept 
at the same potential but differing from that of the electrolyte. It was 
found that for platinum, copper, and mercury a positive polarisation of 
the illuminated electrode diminishes the photo-voltaic effect, whilst a 
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negative polarisation augments it. The converse effects were found for 
gold and silver. In each case there is some critical polarisation which 
just balances the effect produced by illumination. A m. < lianism of the 
phenomenon is advanced in terms of the photoelectric effect. [See also 
Abstract 690 (1924).] A. A. I). 

1035. Significance of Electrode-Potential. J. A. V. Butler. (Roy. 
Soc., Proc. 104. pp. 667-670, Dec., 1923.)—Heyrovsky's cycle [Abstract 
1268 (1923)] is not reversible, and his conclusions arc therefore not valid. 
A reversible cycle has been devised ; but. since the sum of the differences 
of potential round the cycle is zero, it gives no information as to relations 
between electrode-potentials and chemical equilibrium constants. 

T. M. L. 

1036. Use of the Quinhydrone Electrode for the Estimation of Amino- 
Acids. and of Acids and Bases. L. J. Harris. (Chem. Soc.. J. 123. 
pp. 3294-3303, Dec.. 1923.)—In pigmented solutions where indicators 
cannot be employed, the quinhydrone electrode furnishes a convenient 
method for estimating basic and acidic functions. Titration curves are 
obtained with much greater ease than with the hydrogen electrode. The 
experimental figures must be corrected to allow for the volume of titrant 
required to bring the pure solvent to the same volume and Ph value. 
From the curve the hydrogen-ion concentration is deduced. The end 
point may also be obtained by setting the potentiometer to a standard 
reading and titrating to zero deflection, the corrected volume of titrant 
being proportional to the original concentration of material to be titrated. 

The method is employed for the estimation of amino-acids or amino- 
groups in a mixture, by the application of the law of mass action and the 
theory of titration. Its use for the estimation of lysine, arginine, and 
histidine, glutamic and aspartic acids, either alone or in mixtures, is 
described. The electrode may be used for the estimation of all but the 
weakest acids, and for bases of any strength, provided no reaction takes 
place with the quinhydrone. B. \V. C. 

1037. Velocity of Hydrogen Ions in Gels. N. Isgarischew and A. 
Pomeranzewa. (Zeits. Electrochem. 29. pp. 581-58G, Dec., 1923.)—A 
modification of Lodge's method was used to determine the velocity «>f 
hydrogen ions in gelatine. Gelatine was dissolved in water at 37° C., 
and sufficient of each salt added so that the resulting solution was exactly 
•normal in respect to that salt. Methyl orange was added to the solution, 
which was poured into a graduated tube and allowed to set. The move¬ 
ment of the coloured boundary under constant voltage was observed at 
17°-18°C. The velocity of H* diminished with increase of gelatine con¬ 
centration, and increased proportionally with increase of voltage. I he 
effect of different kations in the gelatine upon the velocity of the H\ is 
directly related to the atomic volumes of the kations. The kations in¬ 
vestigated were : NH 4 , Rb, K, Na, Li. Mg. Zn. Cd. Mn. An attempt 
is made to explain the mechanism and cause of the relationship between 
velocity of hydrogen ions and atomic volumes of the kations. F. J. B. 

1038. Electro-Analytical Estimation of Thallium by Anodic Deposition 
of Thallic Oxide. W. Dieterle. (Zeits. Elektrochcm. 29. pp, 493-495, 
Oct., 1923.')—Conditions have been determined for the estimation of 
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thallium by electrolysis of an aqueous solution of thallous nitrate contain¬ 
ing nitric acid and either alcohol or acetone. The containing platinum 
dish, which is roughened, is made the anode, and the kathode consists of 
iridium-containing platinum and makes 300 rotations per minute. The 
temperature is maintained at CO-63 5 . The method yields satisfactory 
results. T. H. P. 

1039. AV«> Method of Titrating Silver and Halogen Ions with Organic 
Dye Indicators. K. Fajans and O. Hassel. (Zeits. Elektrochem. 29. 
pp. 495-500. Oct., 1923.)—Very dilute solutions of the alkali salts of 
fluorescein and its halogen substitution products show characteristic 
colour changes in presence of silver halide sols if the solutions contain 
excess of silver ions. These colour changes are attributed to the associa¬ 
tion of the dye anions with the excess of silver ions absorbed by the silver 
halide. By this association the electronic envelopes of the dye anions 
undergo change similar to that occurring in the formation of pure silver 
and other salts in the solid state. In some cases the colour changes 
produced by excess of halogen ions may be reversed by excess of halogen 
ions, the latter displacing the dye anions from the surface of the silver 
halide ; the readiness with which this proceeds depends on the adsorb- 
abilities of the halogen and dye ions, the absorbability increasing in the 
series: Cl. Br. I, and in the series: fluorescein, dibromo, tetrabromo-, 
di-iodo-, and tctra-iodo-fluorescein. 

Owing to this behaviour, fluorescein may be used as indicator in 
titrating chlorine ions with silver ions, and fluorescein or its dibromo- 
or tetrabromo-derivative in titrating bromine or iodine ions. With a mix¬ 
ture of chlorine and iodine ions the latter alone may be estimated if eosin 
(tetrabromofluorcscein) is used as indicator, and chlorine and iodine ions 
together if fluorescein is used. T. H. P. 

1040. Electrometric Estimation of Vanadium and Uranium Separately, 

Together, and when Mixed with Iron. E. Muller and A. Flath. (Zeits. 
Elektrochem. 29. pp. 500-508, Oct., 1923.)—From a repetition of the 
work of Gustavson and Knudsen [Abstract 594 (1923)], various modifi¬ 
cations are suggested in the conditions to be observed in the electrometric 
estimation of vanadium, uranium, and iron. T. H. P- 

1041. Electrosmosis and Electrophoresis. O. C. Ralston. (Am. 

Electrochem. Soc., Trans. 42. pp. 269-272, 1922.)—The terms “electros- 
mosis," " electrophoresis,'' “ kathodophoresis ’’ and “ anodophoresis " 
are proposed (1) to replace a large number of other words, some of which 
are incorrectly used and all of which are awkward ; (2) to gain uniformity 
of nomenclature in conformity with the two words “ electrolysis ’’ and 
“ electrostenolysis ’’ ; and (3) to provide single descriptive nouns, which 
when properly modified can be used as verbs, adjectives, or participles 
that easily displace present clumsy phrases. • Author. 

1042. Electrolytic Generator for Pure Hydrogen. Elveden and E. 
Sinkinson. (Chem. Soc., J. 123. pp. 2715-2716, Oct., 1923.)—For 
supplying pure hydrogen in connection with the measurement of hydrogen- 
ion concentration use may be made of ten electrolytic cells, connedted in 
series and each composed of an outer boiling-tube 12 inches long and 
1J inches wide and of an inner tube 12 inches by J inch, this being open 
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. below and fitted axially into the outer tube by means of a waxed cork, 
carrying also the anode and the oxygen escape tube. Through a stopper 
at the top of the inner tube pass the kathode and a tube 2 inches long 
for the delivery of the hydrogen. The electrodes are of pure nickel wire 
of No. 10 gauge, and are bent so that one wire forms the kathode of one 
cell and the anode of its neighbour, and the electrolyte consists of 
saturated barium hydroxide solution. The cells deliver hydrogen to a 
common main and are preferably mounted in two banks, each of live. 
The pressure of hydrogen in each cell should be no greater than is neces¬ 
sary to allow of half an inch of electrode being covered by the baryta in 
the inner tube, this being regulated by connecting the common main 
with a wash-bottle fitted with an adjustable inlet tube ; if the pressure 
is too great, the electrolyte will be forced below the end of the electrode 
and arcing will result. Any traces of methane that might be formed may 
be destroyed by passing the gas through a tungsten filament lamp heated 
by a current which causes it to glow without melting the filament when 
the lamp has been completely filled with hydrogen. The generator is 
connected in series with a resistance of 70 ohms to the mains at 220 volts ; 
it then consumes 1-5 amperes and delivers 6 litres of hydrogen per hour. 

T. H. P. 


1043. The Addition of Colloids during Electrolysis, and Over-Voltage 

Phenomena. C. Marie and R. Audubert. (Soc. Fran?. Elect., Bull. 3. 
pp. 508-533. Aug.-Sept.-Oct., 1923.)—The authors give a brief survey 
of over-voltage effects with hydrogen and oxygen, and show that owing 
to the number of factors, such as temperature, current-density, and nature 
of the surface, which must be considered, no completely satisfactory 
explanation has so far been advanced. It is known that the addition of 
colloids to an electrolytic bath produces a coherent deposit of metal. 
Experiments with acid baths show that this addition results in an in¬ 
creased decomposition potential in the case of electrodes, such as lead, 
zinc, and copper, which exhibit overvoltage phenomena. Similar effects 
are observed in the decomposition of metals. The action of colloids is 
therefore to increase the potential difference at the electrode, thereby 
increasing the rate of development of crystal nuclei compared with 
crystal faces, producing small crystals and a coherent deposit. Experi¬ 
ments on the absorption of ions by gum mastic and the influence of gelatin 
on concentration cells of silver salts indicate that the colloids adsorb the 
ions of electrolyte according to the relation U = AC P. It is probably 
the electrostatic effect of these adsorption complexes which accounts for 
the increased potential difference caused by the addition of colloids, but 
owing to the complexity of the problem this cannot be accepted as definite 
without further systematic research. B. W. C. 

1044. Electrolytic Deposition of Alloys Sb-Cu and Sb-Bi. A. Mazzuc- 

chelli and .Lucia Tonini. (Accad. Lincei. Atti, 32. ii. pp. 290-292, 
Nov. 10, 1923.)— Under different conditions, alloys Cu 2 Sb and Cu 3 Sb are 
deposited, with small percentages of SbCl 3 . With bismuth, the results • 
are not as clear, but alloys are deposited. A. D. 

1045. Some Properties of Electrolytic Manganese. A. N. Campbell. 
(Chem. Soc., J. 123. pp. 2323-2327. Sept., 1923.)—The density of electro¬ 
lytic manganese is found to be 7-034-7-080. the possible presence of 
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interstices, either vacuous or filled with hydrogen, rendering these values 
minimum ones. The powdered metal is not attacked by cold water, and 
the action of boiling water or steam is very slow. Manganese dissolves 
readily in dilute hydrochloric, sulphuric or. acetic acid, and the amount 
of sulphur dioxide evolved when it is boiled with concentrated sulphuric 
acid corresponds with the equation : 

Mn + H 2 S0 4 = MnSOi + 2H z O + SO z . 

With nitric acid the metal gives a mixture of nitrogen peroxide, nitric 
and nitrous oxides, and hydrogen, varying in composition with the 
concentration of the acid. Other chemical properties are described. 
Manganese readily displaces arsenic, antimony, bismuth, tin, lead, copper, 
iron, nickel, cobalt, cadmium, and zinc from solutions of their salts; 
chromium salts were not tried. At 12° the single electrode potential 
is — 0-797 volt (absolute scale), this value becoming more highly negative 
with dilution of its salt solution. At 16° the hydrogen overvoltage at 
a manganese surface varies from 0-615 volt at 0-47 to 1-044 volt at 
10 amperes per sq. dm. ; with the constant current-density 3-33, it varies 
from 0-801 volt at 15-5° to 0-393 volt at 84°. At 13° the potential 
was found to be — 0-795 volt with no current flowing, and to remain 
constant at — 0-725 volt with a current-density varying from 0-7 to 
7 amperes per sq. dm. ; 0-070 volt being thus the measure of the passivity. 

T. H. P. 

1046. Electroplated Zinc and the Diffusion of Electro-Deposits into Zinc. 

W. G. Traub. (Am. Electrochem. Soc., Trans. 42. pp. 55-59 ; Disc., 59- 
62, 1922.)—Experiments were made to determine the cause of the dis¬ 
appearance of certain metals that had been deposited on zinc. The 
results indicate that copper, brass, gold, and silver are diffused into zinc ; 
whereas nickel, which does not diffuse into zinc, can be used as a preven¬ 
tive against diffusion of other metals deposited over it. Author. 

1047. Apparatus for Electrolytic Separation of Metals. A. Lassicur. 

(Comptes Rendus, 177. pp. 1114-1116, Nov. 26. 1923 .)—The electrolytic 
separation of several metals present together in a solution requires an 
auxiliary electrode to control the potential difference between the kathode 
and electrolyte. The author has devised a simplified form of apparatus 
for this purpose, the potential being read directly on a voltmeter instead 
of using a potentiometer ; a resistance of 25.000 ohms in series allows 
various galvanometers to be employed without materially affecting the 
circuit resistance. A mercury electrode is used for the auxiliary cell, 
while the electrolyte is contained in a specially devised cell which permits 
agitation of the liquid. The procedure necessary to obtain effective 
separation is described ; bismuth and copper may be separated by this 
method, which the author claims has never before been accomplished by 
purely electrolytic means. B. W. C. 
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1048. Changes of the Torsion Modulus of Eureka Wire when Stretched. 
G. B. Deodhar. (Zcits. f. Physik, 21. 4. pp. 247-251, 1924.)—The 
torsion modulus of this metal in wire form has been determined according 
to known methods. Since stretching influences the torsion modulus in 
various ways, a study has been made to find how far the different factors 
alter the elasticity of the wire, and whether any relationship exists 
between them. Previous work by Harris (see Abstract 5 (1913)] on 
bismuth wires, and by Sicg on platinum-iridium and tungsten wires [see 
Abstract 1922 (1922)] is referred to. The torsion modulus rj for a copper- 
nickel alloy-(Eureka) is now found to decrease by stretching. Within 
certain limits the changes can be represented by the formula, rj = A<?* K , 
where A =» 6-16/10- 11 , and f$ ■= 1-129. In the first phase, however, the 
decrease in rj is greater than the formula denotes. An explanation of 
this decrease in the torsion modulus is afforded by a changed crystal 
structure at the surface of the wire incident on the stretching. The 
paper contains tables of data, and microphotographs of the metal before 
and after extension. H. H. Ho. 

1049. The Relation between Elasticity and Internal Pressure. K. v. 
Terzaghi. (Akad. Wiss. Wien. Ber. 132. 2a. No. 3-4, pp. 105-124. 
1923.)—Stress-strain diagrams for plastic materials (e g. clay) will show, 
if the load is removed and then re-applied, hysteresis loops, and from the 
slope of the axis of such loops, a modulus of elasticity can be determined. 
For a given water content, this modulus remains practically constant, 
whatever the value of the load before removal, but increases as the water 
content is lessened. E so found is proportional to the pressure which 
must be applied to reduce the water content to that in the specimen. 
By means of the ordinary elasticity equations Poisson’s ratio can be 
calculated from the lateral pressure necessary to prevent lateral expansion, 
and when this is done, for these plastic materials under consideration, 
values (5-0 for sand, 2-55 for clay) qomparable with those of stone and 
metal are obtained. A value for the internal pressure is deduced, as 
high as 342 kg./cm. 2 for one specimen, and this seems to necessitate a 
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much-increased value o! the capillary force in the interstices between the 
particles. If the applied pressure is small compared with this internal 
pressure. Hooke’s law is obeyed by plastic materials, and it is suggested 
that the rigidity of the substances which obey Hooke's law is only a 
particular case of the laws found for granular substances. W. G. B. 

1050. Elastic Deformation of a Uniformly Loaded, Contour Supported, 
Thick Plate. C. A. Garabedian. (Comptes Rendus. 178. pp. 619-622, 
Feb. 11, 1924.)—The author indicates his method of investigation by 
the employment of series, as previously applied by him to the investiga¬ 
tion of circular plates (Comptes Rendus. 177. pp. 942-944, Nov. 12. 
(1923)1. He also gives the complete solution for the displacements. 

A note by Mesnager calls attention to the interest and importance 
of Garabedian s work. In his own previous work [see Abstract 91 (1918)1 
he had considered a load at the centre only, owing to the great compli¬ 
cation of the analysis for the more general case. Moreover, Navier’s 
investigation, nearly a century ago. obtained solutions only for infinitely 
thin plates and for thick plates subject to the restriction that the 
normals should remain rectilinear and normal to the surface throughout 
the deformation, a condition far removed from reality. G. W. de T. 


1051. Properties of Celluloid with Reference to Optical Stress-Measure¬ 
ment. H. E. L. Martin. (Univ. of Durham. Phil. Soc., Proc. 6. 6. 
pp. 323-364, 1922-1923.)—Experiments show that the modulus of 
elasticity of celluloid is not constant. Strain is a function of time as 
well as of stress, and a formula is proposed for extension of the form 
X = A -f- Bt H — f(t), where A is the instantaneous extension under a 
given stress, B is a constant which appears to depend on the difference 
of stress, n is a constant having an experimental value of 0-365, and 
f(t) is some function of time. Recovery on unloading follows a different 
law. Strain is proportional to stress only after equal periods of loading 
or unloading. The modulus also varies with the previous treatment of 
the material, variations of 20-30 % being recorded. The optical con¬ 
stants in tension and compression are different and the average value 
of their ratio is 0-865. The advantages of using mica as the " standard 
in stress measurements are pointed out and two methods of doing this 
are described and compared. The experiments also show that celluloi 
behaves as a bi axial crystal. Measurements of its principal indices o 
refraction are being undertaken. The value in engineering testing of tips 
method of stress measurement depends on establishing accurately the 
optical properties of strained celluloid. * J- V. H. 


1052. Probability Curves Showing Poisson's Exponential Summation. 
G. A. Campbell. (Bell System Techn. J. 2. pp. 95-113, Jan., 1923.) 
Iii many important practical operations the constant probability of an 
event happening in a single trial is extremely small, but the number o 
trials is so large that the event may actually occur a sufficient number o 
times to become a matter of importance. Curves are now given showing 
the probability P of such an event happening at least C time6 m a 
number of trials for which the average number of occurrences is a. For 
practical use the question is discussed of what number of trials > s 
necessary to make the curves applicable. Following this comes an 
investigation of accuracy and of going beyond the curves either in range 
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or accuracy. The results of the mathematical work are summed up in 
the following formula: For Poisson's exponential binomial limit the 
average a is expressed as a function of the probability P of at least c 

occurrences by the infinite series. « = where the coefficients 

Q„ are functions of the argument./ corresponding to the probability P 
expressed in the form of the normal probability integral. 


P - l/\ / 27r|e- 


&dt. 


A table containing 12 of these coefficients is given, and for any given 
value of 1 the corresponding value of / can be found from tables of the 
probability integral. A very full collection of data accompanies the 

Paper - H. H. Ho. 

1053. Damped Vibrations. C. F. Jenkin and W. N. Thomas. (Phil. 
Mag 47. pp _303-306. Feb.. 1924.)—The authors point out that the figure 
illustrating the paper of H. S. Rowell (Abstract 263 (1923)] corresponds 

InH p PCC,a C . and Sh ° W that ,n a more general case of combined linear 
and exponential damping, the space-time curve can be plotted as a proiec- 

spiraH a C ° mpOS,te CUrVC consistin * of arcs of a number of equi-angular 

W. G. B. 

w *'r P, J! C ‘\ Cal to Non-Harmonic Wave Forms of 

Non-Ncghgtblc Amplitude. R. RUdenberg. (Zeits Math u Meclianik 
3 pp. 454-467. Dec.. 1923.,-The author £in«i out 

!" r “ many branchcs of technology call for an exact knowledge of 
harmomc waves. Moreover, the increase of such knowledge has made it 

to uHU™ ih h .m ‘° Cl,minate ,hc consideration of various phenomena or 

seek oolsdl'1 ?“ y "'?!• In ' he SOlu,ion of P raclical Problems we 
between th ’ ( , rela * ,on - which be called the characteristic, 

between the exciting force and the wave form, with the object of approxi- 

mating to harmonic waves, in which case the natural frequency mil be 
independent of the amplitude. We therefore aim. in the first place at 
solving our problems by the consideration only of waves of negligibly 
small amplitude. Hut it is often necessary to deal with large sometime's 
tniLhTJh' am P llt “ des - and in such cases the characteristic will be unob- 
minaHon Ii y l‘ Ca .a “"u *' have to 60 contc,,t with a graphical deter- 
™"ol ‘ harrno characteristic be rectilinear the waves will not be 

whh the ■ ° r S T al “ they arc * re< luently called. To begin 

of the ordinf COn *‘ ders s,x “ample* of vibration of the general type 
without mak 0, P ,t ndulum “ which ,he amplitude is simply neglected, 
wmdd ^ 8 K* corres P ondin 8 change in the characteristic which 

ould make the vibration simple harmonic, in order to show how greatly 
the wave form is changed simply by changing the shape of the charac- 
teristic. He then goes on to show by worked-out examples how graphical 
solutions may be obtained, and considers methods of obtaining approxi¬ 
mate solutions m the case of systems disturbed by the action of an 
external force with a frequency of its own. G. .W. de T. 

1 , 05 ®- Precession of Rounded Body Rolling on a Table. G. Greenhill. 
(Phil. Mag. 47. pp. 94-110. Jan.. 1924.)—The author here extends the 
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method employed by him in a paper on the precession of a top spinning 
about a fixed point [Abstract 1516 (1923)] to the movement of a solid 
of revolution, free to wander while rolling under gravity, on a horizontal 
table. The rounded body may, for example, be a coin, plate, canister, 
wineglass, china egg. or any rounded solid body, so that the experiment 
is within the reach of all. As before, the treatment adopted dispenses 
with the use of approximations and proceeds by exact calculation. The 
discussion is formally limited to the precession in steady motion, and a 
small nutation superposed, but this does not entirely prevent some 
brief indications of a wider outlook. G. W. pe T. 


1056. The Motion of Vibrating Bodies in Fluids. G. Mayr. (N. 
Cimento, 26. pp. 175-189, Oct.-Nov.-Dec., 1923.)—A connected summary 
of the more reliable work on this subject, both theoretical and experi¬ 
mental. A. Wh. 


1057. Energy Fluctuations from Superposed Periodic Vibrations. 
M. Planck. (Prcuss. Akad. Wiss. Berlin. Her. 33. pp. 350-354, 1923.) 
—The problem of finding the statistical energy law in the case of a given 
number of superposed periodic vibrations of equal energy but with small 
frequency differences docs not seem to have been attacked, probably 
owing to the difficulties of finding a general solution proving insur¬ 
mountable. And a solution is required as a necessary preliminary to 
further advances in the obscure domain of radiation fluctuations. The 
general problem may be formulated thus: If a given number p of 
periodic waves, each of energy e and approximately equal frequencies, 
be superposed, then, in consequence of their mutual interference, energy 
fluctuations will be set up. The probability that at any given moment 
the energy fluctuation will lie between E and E + dF. will be of the form 

W(E)dE, where j^W(E)dE = 1. The solution for p »= 1 gives a trivial 

result. For p = 2, the two vibrations combine into a periodic wave 
E = 4e cos 2 <f>/2, where <j> is the phase-difference, slowly varying with the 
time, of the two components. By taking p = 3, a reduction formula 
first appears, which the analysis shows to be developable, as an approxi¬ 
mation, into the general form W^ +1 = \\ p -j- cDW^/DE + cE«) 2 W^/<)E 2 , 
which leads to the general differential equation (b\\/bE) E = (dW/DE)! 
+ E(D 2 W/()E 2 )e, where E is the mean energy, from which follows the 
general expression W(E)dE = dE/E • e~ ®/®. G. W. de T. 


1058. The Heaviside Operational Calculus. J. R. Carson. (Bell 
System Techn. J. 1. pp. 43-55, Nov., 1922.)—The author has had occasion 
to make extensive use of Heaviside's methods in electrical problems and 
here presents a viewpoint which may be as helpful to others as it has been 
to himself. The Heaviside method is applicable to systems defined by 
such a set of equations (boundary conditions) as 


*11*1 + • • • <*\ n *n = F X (I) 


*24*1 + • . . <*nn x n = F„(/) J 

where the coefficients aj k are in general polynomials of the form (Ljk 
+ Pik^ldt 4- y jk d 2 /dt 2 -f • . . .and the a, B, y coefficients are constants. Then 
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the x's have to be determined as functions of t for the following boundary 
conditions: The known functions Fy . . . F„. and the variables x x . . . 
are identically zero for negative values of /. That is to say. the system is 
initially in a state of equilibrium when, the forces Fj . .. F„ are applied, 
using the term force in a generalised form to include electrical, thermal, 
etc., disturbing actions as well as mechanical forces. The equations being 
linear, we may. without loss of generality, set all the F functions equal to 
zero, except one. sa*r, Fj(Z). The solutions of these equations may then 
be made to depend on the auxiliary equations in the auxiliary variables 
"l • • • h n , 

fl ll A l + • • • o im h n = 1 

•••••••■ .(2) 

a Hi«i 4- . . . a nn h H = 0. 

The function on the right-hand side, written as unity in accordance with 
the Heaviside notation, is identically zero for / < 0 and unity for t ;> 0 
and hi .. . h H are identically zero for t < 0. It may then be shown that 

xj = dJdtjF(t - y)hj{y)dy, 0=1, 2-«). so that the solution of 

equations (1) as modified depends entirely on equations (2). The latter 
formulate the problem actually dealt with by Heaviside. His mode of 
attack was to wnte p* for cT/dr. so making (21 formally algebraic and 
yielding a purely symbolic solution /,, = l/H,(/». The problem remains 
° , V K h ° ^"mg of this ^uation and find h = h(t) as a function 
Th ' S * Hcav l s,dc d,d b y P ure induction, inferring, from known 
solutions of specific problems, general rules for expanding and inter¬ 
actlor^ C ,K Pe » HOn i 0rmUla - Thc ^ ° f ru,cs 50 developed the 
“- 113 thc He aviside Operational Calculus, to which his contribution 
is the following proposition and its corollary : Thc equations (2). subject 
o the prescribed boundary conditions may be written as U } = 0 , for 

f<0 and ; = l/{/>H,(i>)) ~ for f ;> o. The 

C , q . Uation is ^entity for all positive real values of p and conse- 

meClv C CT n fK ,{ a UniqUC,y - C° v ollary .—The equation - l/H(/») 
merely a shorthand or symbolic equivalent of the integral equation 

1 /{/> H (/>)> = je-P*h[t)dl. The significance of thc operational equation 

laUeCennalT ^ * C * yiside Siculus are therefore deducible from the 
nrohlm f "i ^ hC problem is educed to the purely mathematical 
^ lem K,° f i SOlV L ng mtegral equation. The operational method is 
applicable also when the number of variables is infinite and to such partial 
differential equations as the telegraph equation. The foregoing theorem 
applies also to all such physical problems where an operational formula 
h = l/H(/>) is derivable. r G w DE x 

' 9 * Vwns'onal Analysis. N. Campbell. (Phil. Mag. 47. pp.481- 

494. March 1924.)—The author critically re-examines the physical assump¬ 
tions underlying dimensional analysis, and ofiers suggestions of a method 
oi employing dimensional arguments which is less liable to error than 
those generally employed. His final conclusion is that dimensional 
analysis is useful and valid only when the assumptions concerning the 
magnitudes involved and their dimensions are based on the inspection of 
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equations expressing fully the numerical laws or theories by which the 
process under discussion is determined. If they are so based, then all the 
formalities which various writers have elaborated are useless ; no fixed 
dimensions or fixed fundamental magnitudes need be introduced ; all that 
is required is a sound appreciation of the meaning of similarity and a 
knowledge of the rule, which is one of its obvious consequences, that all 
terms in a numerical law have the same dimensions. He considers it to 
be probable that, in all useful and valid cases, the fundamental numerical 
laws or theories are expressible in differential equations ; and that the 
only significant result of dimensional analysis is the generalisation, for 
cases in which those equations are mathematically intractable, of a result 
which can be established by full mathematical reasoning in simpler cases. 
It is possible that there arc exceptions to this statement, though none 
have been discovered. In any case the errors that arise when dimensional 
arguments are based on anything but differential equations are so facile 
and so plausible that any argument not so based should be accepted only 
after the most careful scrutiny in the light, not of an elaborate statement 
of formal logical process employed, but of the physical significance of 
the assumptions made. Incidentally some arguments by Jeans and by 
Einstein, which seem to have been accepted as valid, are discussed. It 
is concluded that the former, while formally valid, are not significant 
and do not really involve the concept of dimensions ; and that the latter 
are completely fallacious. G. W. de T. 

1060. The Aerodynamic Study of Birds’ Wings, and of Flexible Aeroplane 

Wings. E. Huguenard, A. Magnan, and A. Planiol. (Comptcs 
Rendus, 178. pp. 193-196. Jan. 7, 1924.)—In dealing with wings which 
arc flexible, and so bend under stress, the lift and drag coefficients are 
functions of the air-speed as well as of the angle of attack. Owing to 
the almost insuperable difficulty of constructing a model to behave in a 
fashion dynamically similar to the full-size machine, model experiments 
are not useful—and in consequence, natural winds must be used on the 
full scale. An apparatus for doing this, using continuously recording 
instruments to determine the wind speed and direction, and the lift and 
drag, is described, and some records given. W. G. B. 

1061. The Lanchester-Prandtl Theory of Aeroplane Lift and Drag . 
(Engineering, 117. pp. 1-3, Jan. 4; 35-37. Jan. 11; 100-102, Jan. 26; 
169-171, Feb. 8, and pp. 258-260, Feb. 29, 1924.)—An account of this 
theory, elementary in that it presupposes no acquaintance with it on 
the part of the reader, but at the same time quite comprehensive. 

The resolution of the paradox that, whereas the air, except in the 
immediate neighbourhood of the plane, moves in stream-lines, and behaves 
practically as a perfect fluid, which exerts no resultant force on an immersed 
solid, yet aeroplanes are able to fly, is due to an idea originally due to 
Lanchester, that circulation round the wing would give rise to a supporting 
force, and that such circulation is in fact produced by the adhesion of 
the air to the wing surface ; the wing surface is a " vortex sheet.” The 
case of combined flow past and circulation round a cylinder is treated in 
detail, as the process of ** conformal transformation ” can convert the 
cylinder into a wing section and the resultant force can be calculated by 
use of this transformation. The effects of finite aspect ratio are next 
considered and as the pressure decreases from the centre out, we get 
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another vortex system, which explains a large portion of the drag. Deduc¬ 
tions as to the best form of wing plan follow, that of an ellipse, or two 
semi-ellipses being found. Such considerations have allowed Betz and 
Munk to combine the data as to lift and drag for many wings into a single 
diagram, with remarkably good agreement. A discussion of interference 
between two or more wings, and of propellers, aided by a fruitful electrical 
analogy, concludes the series. W. G. B. 

1062. Influence of the Earth's Rotation on a Top. J. L. Synge. (Phil. 

Mag. 47. pp. 625-529, March, 1924.)—Foucault’s theory of the rotation 
of the plane of swing of a pendulum due to the rotation of the earth, led 
him to predict analogous effects on a spinning top. According to his 
theory, the axis of the top should lie in the meridian, but be inclined to 
the vertical, south or north according as the rotation is right or left handed. 
Also, if a top be spun on a horizontal plane surface, it should tend to 
travel from west to east. Foucault claimed to have observed both effects, 
but the author shows rigorously that the effect is in the opposite direction 
in each case to that which Foucault expected. A. Wh. 

1063. The Thermal Conductivity and Compressibility of Several Rocks 
under High Pressures. P. W. Bridgman. (Am. J. Sci. 7. pp. 81-102, 
Feb., 1924.)—The material whose conductivity was to be measured was 
worked to the form of a cylindrical shell which was slipped between an 
outer and an inner cylinder of copper, each of which it fitted accurately. 
An insulated wire stretched along the axis of the inner copper cylinder 
carried an electric current, so that the axis was a source of heat. The 
entire apparatus was submerged in a bath of petroleum, ether, or kerosene, 
and the pressure was applied to this liquid. A correction had to be applied 
for the thermal resistance of the film of liquid between the copper cylinders 
and the sample under test. The magnitude of this correction varied 
with the pressure. The thermal conductivity of pipestone, talc, Solcnhofen 
limestone, basalt, pyrex glass and rock salt was measured up to 12,000 
kg /cm. 2 at 30°, and in most cases at 75° also. The conductivity increases 
with rising pressure by an amount which may vary from 0-1 % per 
1000 kg. at 30° for Solenhofcn limestone to 3 - 6 % for rock salt. Probably 
for the ordinary rock of the earth's crust the effect is not over 0-6 % at 
ordinary temperatures. The absolute conductivity and its pressure 
coefficient may either increase or decrease with rising temperature. 

Compressibility. —A simple hydrostatic pressure applied to substances 
of the character of those measured does not in general produce a uniform 
change of volume, but the effects are complicated. The relation between 
pressure and deformation may be affected by hysteresis in a direction 
the reverse of normal; this was found to be the case in pipestone, Solen- 
hofen limestone, and basalt in amounts varying from a few per cent, to 
18 per cent, of the whole deformation. Talc and pipestone show large 
differences of linear compressibility in different directions ; this effect 
was not investigated for the other materials. Pyrex glass has an abnormal 
increase of compressibility at high pressures. 

Geological Consequences. —As far as the results on thermal conductivity 
go, only rough conclusions can be drawn, but it would seem that in view 
of the possible variations found with pressure and temperature one should 
be prepared in geological speculations to consider that thermal conductivity 
at a depth of several hundred miles away may be several fold greater than 
VOL. xxvii.— a.—1924. 



368 


SCIENCE ABSTRACTS. 


the value now accepted. That the compressibility is different in different 
directions suggests that deep in the earth's crust where there are large 
differential stresses, with the probability of much greater variations with 
direction than those found in these experiments, it may be very far from 
the truth to represent the elastic behaviour as that of a single homogeneous 
isotropic solid with two elastic constants. E. G. 

1064. The Crystalline Structure of Hydrogen Chloride. F. Simon 

and Clara v. Simson. (Zeits. f. Physik. 21. 3. pp. 168-177, 1924.)— 
Since HC1 only solidifies at very low temperatures, and even if large 
crystals could be obtained it would be difficult to manipulate them, the 
Debye-Scherrer method was employed. In order to obtain a narrow 
cylindrical surface covered with the crystals, hydrogen was passed through 
a spiral tube cooled in liquid air, and into a straight, thin, metal tube, 
which passed down the axis of the X-ray camera, which was joined to 
the X-ray bulb by a vacuum tight joint. HC1 was passed into the 
camera, and condensed and solidified on the outside of thd cooled tube, 
forming a hollow cylinder of minute crystals along the axis of the camera. 
The metal tube beneath the crystals produced hardly any lines on the 
radiographic plate, on account of the absorption of the layer of crystals 
surrounding it. The solid modification of HC1 obtained in this way 
proved to crystallise in a cubical, surface-centred lattice, with a lattice 
constant a = 5-54 A. ; below 98® abs. the crystal form alters, and the 
lattice becomes more complicated, so that, although 28 lines have been 
photographed, the structure has not been determined. To obtain the 
solid in this form it was necessary to pass liquid oxygen through the 
capillary tube. Reasons are given for thinking that the lattice is mole¬ 
cular and not ionic ; and attention is called to the theoretical importance 
of the change from lower to higher symmetry with increased temperature. 
It is concluded that this higher symmetry does not originate in the 
stationary HC1 molecule, but is the result of the thermal movements, 
probably of rotation about one or two axes; this shows that the 
assumption, made by Born, of a cubical lattice with stationary molecules 
cannot be correct. H. N. A. 

1065. X-Ray Analysis of Coal . G. N. Kemp. (Colliery Guardian, 

127. pp. 539-541, Feb. 29, 1924. Paper read before the North of England 
Inst. Mining and Mech. Eng., Newcastle, Feb., 1924.)—The application 
of X-ray methods to the analysis of coal was discussed, and earlier work 
reviewed. The preliminary experiments indicate the value of this method 
of analysis for examination of coal, and it was found that the increase in 
percentage of ash increased the absorption. F. J. B. 

1066. The Crystalline Structure of Organic Substances. (Engineering, 
117. pp. 211-212, Feb. 16; 244-245, Feb. 22; 274-275, Feb. 29, and 
pp. 310-311, March 7, 1924. An account of lectures delivered by W. H. 
Bragg before the Royal Inst.)—The 230 possible arrays of atoms in space, 
discovered mathematically some thirty years ago, lead to a smaller number 
of possible classes, .the crystals of which look alike, and the structure of 
which cannot be differentiated except by means of X-rays. At one point 
X-ray methods fail; some molecules have polar properties, and form 
crystals with different properties on opposite faces, Hii* can generally 
be settled in other ways. A model was employed consisting of three 
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horizontal sheets of glass, equally spaced one above another, on which 
wooden ellipses, divided into four parts, differently coloured top and 
bottom, were placed to represent the structural units, and when necessary 
" polar ” molecules ; with this representations of different molecular 
arrangements could be displayed, and in two diagrams 22 different " pat¬ 
terns ” of cubical crystal were shown. Monoclinic crystals were also 
explained with the help of the model. Since in organic crystals the 
molecule seems to keep its shape and character when built up into a 
crystal, certain points can be more easily established with these substances 
than with less complex bodies ; the way in which the naphthalene molecule 
lias been fitted into the crystalline structure of the substance, as revealed 
by the X-rays, is given as an example, together with the numerical 
coincidence between measurement and theory when the cells of naphtha¬ 
lene and anthracene are compared. The lecturer drew attention to the 
emptiness of the crystal structure in these cases, suggesting a piece of 
lace rather than a continuous solid. The behaviour of long chains of 
carbon atoms, each with two hydrogen atoms attached, as in the fatty 
acids, was explained, and it was shown that they were joined together so 
that the bonds made angles of about 106° 46' with one another, as in the 
diamond. In Iceland spar, however, each carbon atom is at the centre 
of an equilateral triangle, with O atoms at the corners ; here the O atoms 
have taken all its valency electrons from the carbon, which is positively 
charged, the O atoms take two additional electrons from the Ca atom, 
so that each O atom has eight electrons in its outer ring. The most 
recent experiments with good crystals of graphite show conclusively that 
the carbon rings in the sheets of graphite are not flat, but puckered as 
the lecturer had anticipated. H. N. A. 

1067. Structure of Magnesium Stannide. L. Pauling. (Am. Chem. 
Soc., J. 46. pp. 2777-2780, Dec., 1923.)—The intcrmetallic compound 
Mg 2 Sn is investigated by X-ray spectrum and Laue photographs. The 
structure is shown to be that known as the calcium fluoride arrangement. 

I here are eight magnesium atoms round each tin atom at the corners of 
a cube, and four tin atoms round each magnesium at the corners of a 
tetrahedron. The constants are </ 100 = 6-78 ± 0 02 A.U., and for closest 
approach 2-94 ± 0 01 A.U. The structure of sodium cadmide NaCd 2 
is too complicated to unravel by this treatment. A. Wh. 

1068. The Structure of Aragonite. W. L. Bragg. (Roy. Soc., Proc. 
106. pp. 16-39, Jan. 1, 1924.)—Calcite forms rhombohedral crystals, the 
structure of which has been analysed by several workers, while aragonite 
crystals have orthorhombic symmetry, and are generally assigned to the 
holosymmetric class; this agrees with the author’s results, though the 
symmetry may be actually lower owing to some very small distortion, 
which is not revealed by X-ray examination. The crystals are pseudo- 
hexagonal ; simple crystals are rare, as twinning about the plane ( 110 ) is 
nearly always present. Repeated twinning produces interpenetrating 
groups almost indistinguishable from simple hexagonal crystals. A 
number of diagrams illustrate the steps by which the author arrives at a 
structure which accounts for the observed relations between the spectral 
intensities, and he calls attention to the similarities and differences between 
this structure and that of calcite; the distance in one direction between 
successive layers of calcium atoms is 2- 86 A.(<f ni )in calcite and 2 • 86 A.(tf 001 ) 
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in aragonite ; in a plane perpendicular to this direction the distance between 
the calcium atoms is 4-96 A., while in aragonite it is slightly different in 
different directions, being 4 *94 A. parallel to the “ a " axis and 4 *66 A. 
in two other directions. It appears that in calcitc each oxygen atom lies 
between two calcium atoms, in the position shown in Fig. 1, while in 
aragonite the whole CC 3 group has turned round through 30°, so that 
each oxygen lies between three calcium atoms as in Fig. 2. An interesting 
section perpendicular to the “ c " axis of aragonite showing the relative 
positions of the atoms explains twinning on the plane (110.) The aragonite 
structure is based on the simple orthorhombic lattice (To) • the ce ^* 
whose sides are 4*94 A.. 7*94 A., and 5-72 A., contains four molecules of 
CaCo 3 ; it is shown by a process of elimination that the elements of 
symmetry form the space group O 16 , using Hilton's notation ; the calcium 
atoms are arranged in a distorted hexagonal close-packed system ; the 



Fig. 1.—Environment Fig. 2.—Environment 

in calcitc. in aragonite. 


intensity appears to be proportional to the amplitude factor, and not to 
its square as theory would suggest; this is in accordance with W. H. 
Bragg's result for calcite. H. N. A. 

1069. Perturbations of the Orbit of the Valency-Electron in the Generalised 

Hydrogen-unlihe Atom (A). K. Basu. (Calcutta Math. Soc., Bull. 14. 
pp. 107-140, Sept., 1923.)—A mathematical investigation, on the lines 
of the method adopted by Goldsbrough in connection with the theory 
of lunar perturbations. A. B. C. L. 

1070. Electric Moment and Electrical Structure. C. P. Smyth. (Phil. 

Mag. 47. pp. 530-544, March, 1924.)—An amplification of conclusions 
reached in an earlier paper [Abstract 1748 (1923)]. The moments of 
many compounds are discussed and the effect of the displacement of 
electrons by the nuclei of adjacent atoms is considered. Fair agreement 
is shown in many cases with theory. While the inverse square law cannot 
be exact for these distances, errors introduced by using it are small. The 
results also support the Bohr-Thomson-Bury theory that the outer shell 
of an atom cannot contain more than eight electrons. A. Wh. 

1071. The Motion of Electrons in Neon. V. A. Bailey. (Phil. Mag. 
47. pp. 379-384, Feb., 1924.)—The mean free path and the average 
energy loss during a collision are investigated for various electron velocities. 
The method has been previously described [Abstract 135 (1924)] and 
results alone are tabulated, a correction being made for 1 % helium in 
the neon used. For velocities less than 108 the free paths are in the same 
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order as the atomic numbers, but at no point agree with the values calcu¬ 
lated from viscosity. 1 he collisions appear to resemble those between 
perfectly elastic spheres, the order of magnitude being correct, but there 
are reasons to believe that this agreement is merely superficial and docs 
not represent the facts. A. Wh. 

1072. Bohr’s Model of the Atom. E. E. Free. (Indust, and Engin. 
Chem. 16. pp. 192-194. Feb., 1924.)— A review. 

1073. The Supersaturated State in Highly Rarefied Vapours. L. 
Wertenstein. (J. de Physique et lc Radium. 4. pp. 281-292, Aug., 
1923.)—1 he author points out that condensation in the case of super¬ 
saturated vapours at pressures of the order of 0 001 mm. mercury does 
not take place on dust particles or ions in the mass of the gas. but only 
on the walls of the enclosure. Following Knudsen [Abstract 1357 
(1916)]. he considers a quantity €, expressing the probability of a molecule 
adhering to the wall at any given impact. This function is found to be 
discontinuous, giving a region of slow, and also one of rapid, condensation. 

The experimental arrangement consisted of a light mica disc free to 
swing about its centre, suspended in an apparatus, evacuated except 
for the vapour given off by a drop of mercury placed in the lower part 
of the apparatus. The mercury container could be maintained at a 
different temperature from the vessel containing the mica disc, and the 
pressure of the mercury-vapour in the latter was deduced from the 
logarithmic decrement of the oscillations of the disc. Experiments were 
made with mercury at various temperatures above that of the measuring 
apparatus, and the changes in rate of condensation observed. Other 
experiments are described, in which the apparatus could be put in com¬ 
munication with a tube containing glass wool, and the absorption of the 
mercury by this substance followed by means of the fall of pressure. 
From the results, by means of a few simple assumptions, the mean life 
of an atom on the surface of the glass, and their average distance apart 
(which is a considerable number of diameters) can be calculated approxi¬ 
mately. •’ E. G. 

1074. X-Rays and the Atom. O. Lodge. (Brit. J. of Radiology, 
20. pp. 6-19, Jan., 1924.) Evidence for the Nuclear Atom. (Nature, 
113. pp. 15-17, Jan. 5. 1924. Extract.)—In the course of a general 
review of the subject the lecturer made the following rather tentative 
suggestions : The proton is always in a state of circulation at a speed 
comparable with the velocity of light, this would account for its mass ; 
the normal ether contains a constitutional rotation comparable to the 
velocity of light; on this, when a pair of electric units are generated, 
two equal and opposite rotations are superposed, one in opposition to 
the original rotation, the other in the same direction, giving a velocity 
conceivably sufficient to account for the mass of the proton. In any 
case there may be etherial circulation round the nucleus, very intense 
near to the nucleus and decreasing with distance, with unexplained dis¬ 
continuities of finite change of speed, or change of law of force in strata 
where the speed obeys the ordinary astronomical law ; these might be 
called gravitational or electrical levels, and if an electron entering the 
whirl was at any of these levels it could be carried forward by the fluid 
at that place, in a state which satisfied its own requirements, and the 
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revolution would not be one involving acceleration and consequent radia¬ 
tion. the electron being at rest with reference to the part of the fluid 
round it. It would be necessary to assume that a particle slightly per- 
turbed from the orbit would return to it after some oscillations, and that 
instability would only set in if the perturbations exceeded some definite 
magnitude. If the restoring force is proportional to the fourth power 
ot the speed of the whirl, on the other assumptions made, the frequency 
of oscillation is proportional to the energy to be radiated, and the radia¬ 
tion of energy will be as the square of the restoring force, that is as the 
square of the effective radiation, in accordance with Larmor’s law. A 
very simple account of the Bohr orbits, explaining the relation between 
the different circular and elliptical orbits in the atomic levels K, L, M. 
etc is given in the portion of the address published in "Nature" and 
includes a useful explanatory diagram. jj jsj A 

A Pt >licalion °I the Quantum Theory to Atomic Structure. 
N. Bohr. (Cambridge Phil. Soc., Proc. Supplement, [42 pp.] 1924.) 
— Translation of paper dealt with in Abstract 1315 (1923.) 

1076. Quantum Statistics of Energy Fluctuations. M. Planck. 

(Preuss. Akad. Wiss. Berlin. Ber. 33. pp. 355-358. 1923.)—The energy 
fluctuations in a field of stationary monochromatic radiation was first 
considered statistically by A. Einstein [Abstract 909 (1909)], using a 
method depending on the relation between entropy and probability. 
In common with all thermodynamic methods, it is applicable only to 
systems having a very large number of degrees of freedom. Subse¬ 
quently, v. Laue [Abstract 1289 (1915)] discussed the same question for 
a system having only one degree of freedom by a direct probability 
method, but for systems of more than one he confined himself to deter¬ 
mining the mean square values of the fluctuations. In the present paper 
the author fills this gap, by obtaining a general solution of any number 
of degrees of freedom, without recourse to any thermodynamic considera¬ 
tions. The result obtained agrees, as it should, with Einstein's in the 
case of systems with many degrees of freedom and with v. Laue’s in the 
case of one dcgTce of freedom. G. W. de T. 

1077. Does the Field Theory Offer Possibilities for the Solution of 
the Quantum Problem ? A. Einstein. (Preuss. Akad. Wiss. Berlin, 
Ber. 33. pp. 359-364, 1923.)—It is characteristic of all field theories 
hitherto proposed that the equations allow the free choice of initial 
conditions. This is contrary to the physical facts : the initial state 
of an electron moving round a nucleus cannot be chosen arbitrarily 
but must satisfy the quantum conditions. To take account of this law 
of nature, the system of partial differential equations which determine 
the field variables must be " super-determinate " : there must be more of 
them than there are field variables. The attempt must therefore be 
made to find a set of covariant equations between the g ik and the <j>ik, 
containing the gravitational and electrical equations : 

n* = - * T ik= - *(— 4*4>l + i 

and others besides. They must admit the statical, spherically sym¬ 
metrical solution which characterises the positive and negative electrons. 

A tensor is first written down containing g ih ’s and <£ lA 's (but 
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not their derivatives), having the same symmetry properties as U, k 
and such that The equations 'V ik lm . . .’(1) 

are too stringent to be adopted, for. since the 4'*,* , m all vanish with 
the fa, the metric would be necessarily Euclidean in the absence of 
electricity. The identity R«, ta . » + R lt ,„„. , + R lt ^ 0 | ms . 
however, been proved by Bianchi (; a denoting covariant derivation), so 
that the equations 'F*./*; „ + T,*. m* ; / + T.*, m = 0 arc contained 
m (1). These are satisfied by the statical electron solution, and it is 
suggested that, together with the original equations R,* = — kT iA . 
they form the required " super-determinate ” set. 

Emphasis is laid rather on the idea of " super-detcrminacy ” than on 
the particular set of equations propounded. Kl. II. A. N. 

1078. The Dynamics of the Impact between a Light Quantum and an 

Electron. L. S. Ornstein and H. C. Burger. (Zeits. f. Physik, 20. 0. 
pp. 361-357. 1924.)—It is assumed at the outset that it is possible to 
determine completely the impact electron-light quantum, i.e. if v, v M , 
Vy. v„ a. p. y are given then v\ v M , v y , v\. a, f?. y should be calculable. 
For tliis purpose a model of a light quantum is devised and mathemati¬ 
cally described leading to the results desired. Reference is made in an 
appendix to a paper by Pauli dealing with the same problem, obtaining 
a like result, and deriving the Wien radiation law without any special 
hypothesis. The authors, however, point out a difference between their 
assumption for the probability of a collision between a quantum and an 
electron and the expression found by Pauli. From the Pauli equations it 
follows that the probability for an encounter is inversely proportional 
to the energy of the electron, which appears difficult to understand on 
physical grounds. The explanation of this discrepancy lies in the asser¬ 
tion of Pauli that a Lorentz transformation can account for the effect 
between quantum and electron before and after collision, this being 
regarded as invalid by the present authors. H. H. Ho. 

1079. The True Relation of Einstein's to Newton's Equations of Motion. 
L. Silberstein. (Nature. 112. pp. 788-789. Dec. 1. 1923.)—It is shown 
that the Newtonian equations of motion for a particle under gravitation : 
d 2 gildfi = <)Q/*>&(i = 1. 2. 3) : commonly exhibited as an approximate 
form of the general equations of the geodesic when only first order 
small quantities are retained, can also be interpreted as the exact 
equations of the path of the particle in a certain " unaccelcrated " 
system of coordinates, momentarily at rest relative to it. M. H. A. N. 

1080. Whitehead's Re-formulation of the Data of Physical Science. 
G. W. de Tunzelman. (World Power, 1. pp. 171-175, March, 1924.)— 

A statement of the position, with particular reference to the difference 
between the methods of Whitehead and Einstein. W. R. C. 

1081. A Non-Homogeneous Radiation Field. W. Wessel. (Zeits. f. 
Physik, 21. 1. pp. 63-67, 1924.)—It is known that in a medium filled 
with electromagnetic radiation and in a state of radiant equilibrium, 
no dispersion occurs since every ray gains from others what it loses. 
Similarly.for the absorption and emission in cases of non-homogeneous 
radiation, an exponential law for absorption is transformed by emission 
into the usual quadratic form. It is now asserted that in an homo- 
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genous and unlimited absorbing and emitting medium, the intensity of 
the radiation proceeding from a point source of light decreases in the 
stationary radiation equilibrium according to a quadratic law with the'dis- 
tancc. and approximation to the asymptotic law depends on the speed 
and strength of the absorption. The proof on energetic grounds of 
the above physical hypothesis depends on a solution by Hilbert of the 
integral equation for the Kirchhoff hypothesis. Jaffe’s form for the 
latter is used (see Abstract 937 (1923)). The extension is then made to 
the non-homogeneous radiation field in which the radiation intensity is a 
function of the direction at every point. The paper is entirely 
mathematical. H. H. Ho. 

1082. Coordination of Movements and the Notion of Time. J. le Roux. 
(Comptcs Rend us. 178. pp. 316-319, Jan. 14. 1924.)—General considera¬ 
tions as to the independent coordinating variable analytically necessary 
in a moving system (having regard to canonical forms and to the principle 
of least action) connect the ordinary idea of time with the fact of gravi¬ 
tation. apart from Einstein's views, which are not helpful in this respect. 

A. D. 

1083. The Einsteinian Deviation of Luminous Kays by the Sun. E. 
Esclangon. (Comptes Rendus, 178. pp. 196-199, Jan. 7, 1924.)—The 
author investigates the measures by Campbell and Trumpler of the 
eclipse plates of 1922, and finds that they do not conform : (a) to the 
analytical law d = a/r =* \ 0 24/r, but that a hyperbolic curve more 
nearly fits the data in the interval (r = 32' tor = 3°-30') containing the 
observations; ( b) to the Einsteinian constant. l'-74. On the contrary 
the value 2'-05 is adopted, and the value 2*-50 would fit the observations 
as nearly. Therefore he concludes that the observations neither confirm 
nor disprove Einstein's law of deviation, but only indicate that deviations 
do exist near the sun. without indicating their law or amount; and 
that observations at future eclipses arc needed to obtain sure results. 

A. S. D. M. 

1084. Gravitation. A. S. Eddington. (Roy. Astron. Soc. Canada, 

J. 17. pp. 387-398, Nov.-Dee., 1923.)—The explanation of gravitation is 
divided into four stages. (1) Gravitation requires explanation so far as 
it is a law. Explanation is required of the constraint of phenomena, 
which is manifested in its most varied form in the neighbourhood of 
heavy masses. (2) The Einstein equations describe the order in the 
universe, and they are satisfied by empty space. (3) The interpretation 
of these equations is that space-time has an homogeneity and isotropy 
as regards a certain characteristic—namely, curvature defined in a certain 
way. (4) The mystery of the homogeneity and isotropy disappear when 
we realise that it is not intrinsic in the external world, but in the 
measurements we make of the world. W. A. R. 

1085. Spontaneous Loss of Energy by a Spinning Rod. A. S. 
Eddington. (Phil. Mag. 46. pp. 1112-1117, Dec., 1923.)—The question 
whether the gravitational waves set up by a spinning rod gradually dissi¬ 
pate the energy and bring the rod to rest has been investigated by 
Einstein [Abstract 606 (1918)] and the author. It was found that energy 
is in fact lost at the rate of 32/5Al3o>* per second, where A is a universal 
constant having, in e.g.s. units, the value 2-7 x 10~ c °. 
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In the present paper this result is obtained by a new and shorter 
method. Since gravitation is not propagated instantaneously we may 
expect the lag to give rise to tangential components of the force opposing 
the motion of the system. The mutual attraction of the particles is not 
in the line of the rod, and the result is a couple which slowly destroys 
the rotation. The effect is of the third order in v-/c 2 , so that expansions 
must be continued to this extent. The result 32/5A1 -oj , ‘ is obtained, in 
agreement with previous work, on the assumption that (M/«)V- and 
(M /a)*v- are small compared with (M/a)-i-« (where v is the linear velocity. 
The velocity of light is I). Examples can be made for which this is 
true, but in the case of double stars v- is comparable with M/a and tlie- 
method therefore fails. * M. H. A. N. 

METEOROLOGY AND GEOPHYSICS. 

1086. Peruvian Meteorology. S. I. Bailey. (Astron. Obs. Harvard 
Coll. Annals, 86. 3. pp. 123-194, 1923.)—Observations made at the 
auxiliary stations 1896-1900. 

1087. The Development of Meteorology as Illustrative of the IIdie of 

Mathematics in the Progress of Science. E. W. Woolard. (Monthly 
Weather Rev. 61. pp. 645-649. Dec.. 1923. Paper read before the Math. 
Assoc, of America. Dec., 1923.) A. W. L. 

1088. A Limit-Gauge for Ruipfall. F. J. W. Whipple. (Roy. 

Mcteorolog. Soc., J. 50. pp. 23-24 ; Disc., 24-25, Jan., 1924.)—Insurance 
against rainfall is often based upon the occurrence of a fall of at least 
01 in., the limits of accuracy allowed being 0 005 in. A small glass 
measure has been constructed to fit into a 5-inch rain-gauge, with its 
stem graduated at 0-095 and 0-100 in. ; this instrument is of value when 
an accurate determination of whether these limits have been passed is 
required. A. W. L. 

1089. The Fall of the Barometer during the Passage of Cyclones and 
Typhoons. F. E. Fournier. (Comptes Rendus. 178. pp. 28-30. Jan. 2, 
1924.)—If P is the pressure around a cyclone or typhoon and p that at 
a point in the path of the system, the curve obtained by plotting the 
fall of the barometer (P -p) against time is symmetrical, showing ascent to 
a maximum followed by descent. The ascending curve is at first convex, 
but after reaching a maximum slope 0 lt where the pressure is />,, it 
becomes concave. The curvature of the convex arc is a maximum at a 
point x where 0 X = ^0 l . If tf> is the angle between the radius of the 
storm through the point considered and the diameter along which the 
storm is travelling, the maximum value of 0 is an inverse function of <fi. 
The convex arcs may be expressed by the equation 

0 = (90 - <f>) ^ * [j 10 * (l> ~'°* (P ~ pM) 

or <j> = 90 — 20 x when P — p = P _ p x . Hence <f> may be readily 
obtained from observations at a single station, A. W. L. 

1090. The Dynamics of Cyclones and Anticyclones regarded as Atmo¬ 
spheric Vortices. D. Brunt. (Roy. Soc., Proc. 105. pp. 70-80, Jan. 1, 
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1924.)—The author first writes down and solves the gradient wind equa¬ 
tion algebraically as a quadratic. Reasons based on considerations of 
continuity, energy supply, and stability are adduced for rejecting one 
solution. The form of the solution of the equation for an anticyclone 
shows that there is an upper limit to the angular velocity of any portion 
of an anticyclone about the instantaneous centre of curvature of its path. 
This upper limit is 10 sin <f>, so that the anticyclone viewed from outside 
the earth is being carried round counter-clockwise by the rotation of the 
plane of the horizon faster than it rotates in that plane. Hence an 
observer outside the earth would see an anticyclone as a counter-clock¬ 
wise circulation in space. The question naturally arises, would he also 
regard it as a centre of low pressure ? It is found on examination that 
an anticyclone will always appear to be a centre of high pressure. The 
rotation of the earth's atmosphere as a solid about the axis of the earth 
forms a circumpolar whirl, in which the field of pressure is everywhere 
uniform. It is shown that a cyclone and an anticyclone may be regarded 
as a local enhancing or diminution of the vorticity of the circumpolar 
whirl. Author. 

1091. The Cause of Cyclones. H. Jeffreys. (Roy. Metcorolog. 
Soc., J. 50. pp. 61-64 ; Disc., 64-67, Jan., 1924.)—The principal theories 
which have been put forward to explain the origin of cyclones arc dis¬ 
cussed. A large stationary cyclone, such as that over Central Asia in 
summer, might be due to local heating, and phenomena on a compara¬ 
tively small scale, such as thunderstorms, may be produced by atmo¬ 
spheric instability. No satisfactory explanation of the cyclones of middle 
latitudes has been obtained ; it is suggested that these may be due to 
the instability set up by the mixing of the two currents at the polar front. 

A. W. L. 


1092. Attempts to Measure Air Temperature by Shooting Spheres Up¬ 
ward. L. F. Richardson. (Roy. Metcorolog. Soc., J. 60. pp. 19-21 ; 
Disc., 21-22, Jan., 1924.)—A method of measuring wind velocity by 
shooting polished steel spheres upward from a gun has already been 
developed and the theory published [see Abstract 2109 (1923)]. It 
appears that the time of absence of the sphere may also be made to give 
a measure of a mean temperature of the air up to the greatest height 
reached by the shot. But, before this can be done, there are a number 
of small effects, which mask that sought, and which must be eliminated. 
An " air-gun ’’ was found better than one using an explosive charge. 
Then there is the temperature of the gun. its tilt (the inclination given 
to the gun so that the wind brings the shot back practically to the starting- 
point), and barometric pressure. These effects are dealt with in the 
present communication, and a table of constants is given which will be 
required by anyone continuing the experiments. It was found that the 
upper-air temperature could be measured from the mean of six shots 
with a standard error of 1°C. at sunrise in calms or light winds. It is 
just then that an " inversion ” often occurs, so that the " screen ” reading 
at the surface is little guide to the temperature aloft. An important 
application would accordingly be that of obtaining a more suitable tem¬ 
perature for use in reducing barometer readings to sea-level on such 
occasions, as suggested by J. S. Dines in the discussion. The height 
reached by the shot in the experiments described was of the order of 
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120 m. The accuracy on hot afternoons was less than that stated above 
for calm mornings. MAG 

1093. Relation of the Circulation in the Upper Air to a Circumpolar 

Vortex. A. W. Lee. (Roy. Meteorolog. Soc., J. 50. pp. 69-74. Jan., 
1924.)—Maps of the average pressure distribution at different levels, 
deduced from that at sea-level with certain assumptions as to the mean 
lapse rate of temperature, show that, on the assumption of " geostrophic 
balance.” the " general circulation " of the upper air is of the nature of 
a huge circumpolar vortex. The present investigation shows that the 
extra-tropical circulation at any level approximates to that of a \/r vortex, 
or solid rotation, although it has often been supposed to be of the Vr type. 
It appears " that each layer is an aerosphere which rotates around the 
polar axis as a solid, but on ascent there is relative motion between con¬ 
secutive aerospheres.” The circulation being from west to east relative 
to the earth, each aerosphere rotates round the earth s axis somewhat 
faster than the earth docs. In July, the excess angular velocity is 2- 6 per 
cent, at 4 km.. 3 per cent, at 6 km., and 4-3 per cent, at 8 km. in the 
northern hemisphere. Other points dealt with arc the small departures 
from true solid rotation, and deductions ns to the travel of air from 
equator to pole in the upper regions. M. A. G. 

1094. Resilience, Cross-Currents, and Convection. N. Shaw. (Roy. 
Meteorolog. Soc.. J. 50. pp. 1-18. Jan.. 1924.)—A discourse prepared as 
an introduction to a discussion of thf basis of meteorological theory held 
at the meeting of the Royal Meteorological Society, October 17. 1923. 
The first section discusses the stratification of the atmosphere by virtue 
of the normal increase of potential temperature with height, leading to 
the possibility of regarding the whole mass as being separable into a 
number of quasi-independent layers or '* aerospheres ” ; an important 
generalisation in connection with the consideration of cloud layers and 
the development of revolving fluid. The second section deals with the 
disturbance of adjacent aerospheres by eddy-motion, arising where there 
is relative motion between them. The " spiral ’* law of approach from 
the surface wind to that at a height free from the effects of the eddy- 
motion generated at the surface has been worked out by a number of 
authors [see eg. Abstracts 518 and 818 (1920)]. An extension is here 
suggested to the case of the transition from one wind current to another 
in the middle atmosphere, when there is a discontinuous or rapid varia¬ 
tion of horizontal pressure gradient with height. In such a case the 
vector representing the wind at any level traces out a *' double spiral ” 
(instead of a single one as in the case cited above) in passing from the 
lower to the upper undisturbed current through the region affected by 
the turbulence. 

tl T,le third section deals with the disturbance of the aerospheres by 
convection,” and treats of the various modes of vertical motion in 
the atmosphere, and the evidence there is for their occurrence. 

M. A. G. 

1095. Distribution of Air Density over the Globe. S. N. Sen. (Roy. 
Meteorolog. Soc., J. 60. pp. 29-49 ; Disc., 49-51, Jan.. 1924.)—The air 
density at M.S.L. in January and July has been found at the centre of 
each ten-degree square from 10° N. to 80° N. and from 10° S. to 70° S. 
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l-'rom these values the isopycnics, or lines of equal density, have been 
charted ; these lines are approximately parallel to the latitude, but show 
centres of high density over N. America and N. Siberia. The distribu¬ 
tion in the upper air has been found for each hemisphere in summer, at 
intervals of 1 km., up to 10 km., from the surface conditions assuming 
mean values for the lapse-rate of temperature. The distribution up to 
7 km. is of the same type as that at the surface, but at 9 and 10 km. it is 
reversed, and the air over the equator is denser than that over the pole ; 
at 8 km. the density is approximately constant all over the globe. The 
cquisubstantial surfaces have been found from the mean density for each 
ten degrees of latitude at these levels. The slope of the cquisubstantial 
surfaces is from the pole to the equator below 8 km., and from the equator 
to the pole above 8 km. ; at 8 km. the cquisubstantial surface is practi¬ 
cally horizontal. 

As the density changes up to 7 km. are chiefly controlled by the 
temperature, the name " thermosphere ” has been suggested for this 
layer ; the region above 8 km., where the pressure variations become 
predominant, has been termed the " barosphcrc." The intermediate 
layer where the density is constant, has been termed the " thermopause." 
If the insolation is increased the density in the thermosphere is decreased 
and that in the barosphere is increased. A. W. L. 

1096. Earth Density. H. S. Washington. (Washington Acad. 

Sci., J. 13. pp. 453-456, Dec. 19. 1923.)—A re-examination of the densities 
of the rocks of Mauna Loa leads to* a revision of Preston's calculation of 
the mean earth density by a survey of that mountain. Preston used 
vesicular specimens under the impression that the bulk of the rocks were 
of that type, but a petrological survey indicates that lower down below 
the surface there is very little scoriaceous or vesicular material. The 
revised mean for both localities gives 5-560 for the mean earth density, 
which is closer than Preston’s to the accepted value. W. A. R. 

1097. Density Distribution in the Earth. E. D. Williamson and 

L. H. Adams. (Washington Acad. Sci., J. 13. pp. 413-428, Nov. 19, 
1923.)—The density distribution proposed takes into account changes 
due to compression alone. Earthquake data furnish a quantitative 
estimate of that part of the density change due to compression alone in 
various materials. The continuity of the velocity curves is now recon¬ 
ciled with velocity differences in metallic iron and basic silicate. The 
distribution gives four zones. Two arc sensibly constant in composition 
but not in density—the central core of metallic iron and the periodotitic 
shell immediately below the surface layer. The surface shell and the 
pallasite fringe (the intermediate zone of mixed silicate and metal, sur¬ 
rounding the core) are of variable composition. W. A. R- 

1098. Intensity and Direction Measurements of Penetrating Radiations. 
W. Kolhorster. (Preuss. Akad. Wi$s. Berlin, Ber. 34. pp. 366-377, 
1923. From the Reichsanstalt.)—The author describes an investigation 
of the earth’s penetrating radiation at points very high above sea-level. 
He demonstrates the existence of a radiation of absorption coefficient 
F-HiO = 2-5 X 10-3 cm.- 1 at heights of 2300 and 3500 metres above sea- 
level. This radiation cannot be identified with any known y-radiation 
from radio-active substances. It is shown that this radiation reaches a 

vol. xxvii.— a.—1924. 



GENERAL PHYSICS. 


maximum at 8-9 o’clock and 20-21 o’clock daily, falling to zero at inter¬ 
mediate times. On this account it is suggested that the radiation has 
its origin in space outside the earth. A ,, u 


ASTROPHYSICS. 

1099. Proceedings of Observatories. (Roy. Astron. Soc.. M.N. 84. 
pp. 231-257. Feb.. 1924.)—Reports from directors of several observa¬ 
tories. Part of the annual report of the Council of the Society. W. R. C. 

1100 . New 60-in. Telescope for Perkins Observatory of Ohio Wesleyan 

University. (Mechanical Engineering. 46. pp. 113-117 and p. 147. 
March 19, 1924.)—The instrument is designed by Warner and Swasev ; 
the mirror is 60 inches in diameter and 9 inches thick at edge, weighing 
2700 lbs. Two secondaries are a Newtonian (the diagonal Hat) of 17-5-in. 
diameter, and a Cassegrain (convex mirror) of 16-in. diameter ; these 
are readily removable. Provision is made for adding a spectroscope. 
A description is given of the general design of the polar and declination 
axes, the tube and driving clock, and the gearing by electric controls. 
1 he outstanding features are that four electric motors only are employed 
to give all the motions required ; that in the telescope tube a much 
shorter over-all length can be used without reducing the focal length of 
the combination employed ; that all motions in R.A. and declination 
are housed in the driving-clock unit and the declination axis rcspcctivelv, 
so that the pier heads are reduced, making the bearings of the polar axis 
readily accessible ; and that provision has been made for lubrication of 
all bearings. .. A. S. D. M. 

1101 . Motion of Neutral Ionised Stream in Earth's Magnetic Field. 
S. Chapman. (Cambridge Phil. Soc., Proc. 21. pp. 577-594, Nov., 1923.) 

Ihe author examines the mode of incidence upon the earth of a 
neutral ionised stream of matter from the sun. in connection with 
Lindemann’s hypothesis [Abstract 445 (1920)] that if of suitable dimen¬ 
sions, speed and density, it could produce both magnetic storms and 
aurorae. The stream would become polarised in the earth’s magnetic 
field, and the slight redistribution of charge would cause the resultant 
e.m.f.’s on the two sets of positive and negative charges to differ slightly, 
and the stream as a whole would be subject to a force having com¬ 
ponents both along and normal to its direction. This force is found to 
vary approximately as the inverse seventh power of the distance from the 
earth's centre, and would become appreciable only within a distance 
from the earth comparable '* .‘h the earth’s radius. The analysis is com¬ 
plicated and even after int .ucing simplifying assumptions, the author 
has found himself compelled to resort to numerical computation. It was 
fortunately found that the results obtained by restricting consideration 
to the two possible cases of plane motion, in the equatorial plane and in 
the meridian plane containing the sun. made it possible to indicate the 
character of the paths in the more general case. In both cases part of 
the stream is bent towards the earth and may impinge, nearly at grazing 
incidence, on the dark half of the earth. The bending is greatest where 
the density has a value of the same order as that considered by 
Findemann. The speed of the stream does not .affect the geometry of 
its motion. The bending, however, is not such as would suffice to account 
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for auroral phenomena. If. therefore, the stream is to produce both 
aurora and magnetic storms it cannot be neutral, and the resultant 
charge must exceed that which would arise in an originally natural stream 
by the mere leaking away of negative electrons. G. W. de T. 

1102. Origin of the Solar System. J. H. Jeans. (Nature, 113. 
pp. 329-340, March 1. 1924. Supplement. Discourse delivered at the 
Royal Inst., Feb.. 1924.)—It is suggested that the course of stellar evolu¬ 
tion can be traced in the heavens by arranging certain types in a regular 
sequence, the first stage being the elliptical nebula;. These have been 
found by spectroscopic observation to be rotating rapidly, round their 
short diameter as axis. At the next stage the major axis is drawn out 
almost to points ; then dark lines, and afterwards broad dark bands 
appear. This is evidently due to relatively cool matter projected against 
the hotter nucleus of the nebula, for this stage is the same, seen edgewise, 
as the spiral nebula, in which it has been found that matter is flowing 
outward from the nucleus along two arms. In later types the nucleus 
grows smaller and smaller, and the condensations which form on the 
arms become more detached and starlike. The density of the nucleus 
is estimated to be of the order of 10” 16 g. per cubic centimetre. 

This first part of the sequence is explained as follows : An elliptical 
nebula is a radiating rotating mass of excessively tenuous gas, and it 
must therefore contract and rotate ever more rapidly until it takes a 
lenticular form with a sharp circular edge for its equator ; and now further 
speed in rotation will result in breaking up. Unless the nebula is per¬ 
fectly symmetrical and the process quite undisturbed, which is improbable, 
gas will be ejected from two antipodal points, which represent the two 
points of high tide induced by some neighbouring body ; and this out¬ 
flowing gas will condense into globes, because on the iinmenso scale of a 
nebula the mutual attraction of the particles overcomes the expansive 
iufluence of gas pressure. Dynamical theory enables us further to calcu¬ 
late the si/e, mass, and distance apart of these globular condensations: 
their mass approximates to the known mass of an average star, and the 
distance of the nebula deduced from their distance apart approximates 
to estimates made in other ways. A group of stars developed in this 
way may remain together and form a globular star-cluster, or it may 
scatter more or less widely, giving rise to star-streaming. 

Each star continues to contract, and if the rotation is sufficiently 
rapid it will divide and become a double star; if still more rapid 'it will 
subdivide and finally become a multiple star; if rotation is compara¬ 
tively slow, as with our sun, it will remain a single star. A planetary 
system cannot arise by fission, nor develop as stars develop from a 
nebula, because here gravitation is not strong enough to overcome gas 
pressure. But a disturbance from outside is indicated by the fact that 
the sun's plane of rotation differs from the plane of planetary orbits; 
and it is suggested that a near approach of another body raised tides 
on the evolving sun, so sudden and great that a jet of gas shot out massive 
enough to resist dispersion and to condense into small globes. The dis¬ 
turbance, growing and then diminishing as the two bodies came near 
and then moved apart, would give rise to a filament which would be 
thickest in the middle, thus explaining why the two giant planets Jupiter 
and Saturn have an intermediate position in our system. Satellites were 
produced by tides on the planets caused by the same great disturbance, 
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or by the sun. or both, but theory shows that they can never have been 
gaseous, but that all the satellites and also the smaller planets must have 
been liquid or solid when formed. Details of size and position, and the 
number of satellites belonging to each planet are shown to be explicable 
on this tidal theory. It is the only theory not open to obvious and in¬ 
superable objections, although it is not claimed that it can account fully 
and finally for the evolution of the solar system. 

The paper is illustrated by photographs of nebula: and a star-cluster. 

M. A. E. 


1103. Systematic Distribution of Solar Calcium Flocculi. Fart II. 
Life-History of Bright Solar Calcium Flocculi. C. P. Butler. (Roy. 
Astron. Soc., M.N. 84. pp. 134-149. Jan. f 1024.)—The changes con¬ 
sidered are gradual and sudden, and the flocculi arc divided by the 
author for the purpose into (u) 14-day. and new formations; (b) births ; 
(c) growths; and (d) deaths; the flocculi for 1912-1922 are tabulated, 
month by month, under the first three divisions, and show that bright 
calcium flocculi are much longer-lived than spots [compare Abstract 787 
(1924)]; that there is no case of sudden extinction, all such arc by 
gradual dispersion ; that 14-day flocculi arc usually greatly in excess of 
new formations, but near solar minimum this excess declines; that the 
process of formation from birth is very similar in all cases observed ; that 
no spot is without accompanying flocculi, though there are often flocculi 
visible without accompanying spots, and especially in the period of mini¬ 
mum solar activity which can by this means be determined very accurately 
from the flocculi. [See also Abstract 2238 (1022).) A. S. D. M. 

1104. Variability of Solar Radiation. R. Lundblad. (Ark. f. Mat. 

Astron. och Fysik. Stockholm. 17. No. 14. pp. 1-57. 1922-1923.)—Com¬ 
parison of existing theories with results of observation. The treatment 
of the subject is entirely mathematical and does not lend itself to a short 
abstract, t E. F. 

1105, Sunspots as Magnets and Periodic Reversal of their Polarity. 
G. E. Hale. (Nature, 107. pp. 106-112. Jan. 19. 1024. Supplement.)— 
Ihe author traces the law of solar activity in the number, extent, and 
position of spots, and their changing angular velocity of rotation with 
their solar latitude ; he examines the visual structure of spots showing an 
inflow which seems to indicate vortical motion ; early spectroheliographic 
work on calcium H and K lines, or on hydrogen. H fi . H y , and H« lines, 
failed to indicate this vortical motion, but in 1908 at Mt. Wilson the 
hydrogen H. line showed spots to be the centre of vast vortices. Since 
the sun is a hot gaseous body, there should be great numbers of electrified 
particles, both positively and negatively charged, and a preponderance of 
either charge in a solar vortex must give rise to a magnetic field, which 
was detected from observations of the Zeeman effect. Using a Nicol 
pnsm and quarter-wave plate over the slit on the iron line A6173. it was 
seen that a spot showed N or positive polarity if the red component is 
transmitted, and S or negative polarity, if only the violet component. 
Observation confirmed that all spots contain magnetic fields whose strength 
is related, roughly, to the spot's diameter, and the polarities (with a few 
exceptions) follow a definite law according to the position of the spot 
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north or south of the solar equator. If the sign of the dominant charge is 
the same throughout, the observed polarity depends on the direction of 
the whirl and may be likened to a terrestrial tornado (left-handed in the 
north, right-handed in the south). Solar spots tend to follow each other 
in pairs, and these pairs have their leading spots of one sign, their following 
spots of the other. From this, the author was led to look for and find 
invisible spots. Prior to 1912 the polarity of the preceding spots of 
a pair in the northern hemisphere was negative, and in the southern 
hemisphere, positive ; subsequently to 1912 these signs were reversed, 
and in 1922 were reversed again. It seems probable that the dominant 
electric charge in all spot vortices is of the same sign, and remains so 
throughout, and that opposite polarities represent opposite directions of 
whirl, merely. The general magnetic field of the sun has shown no reversal 
of polarity. The vortices in hydrogen flocculi shown by H a spcctrohelio- 
grams is apparently a high level secondary phenomenon, and may perhaps 
be independent of the whirl of the spot vortex below it. A. S. D. M. 

1106. Two Relations between the Length of Day, Length of Year, Density 

and Mean Orbital Radius of Objects in the Solar System. C. della Saida. 
(N. Cimento. 26. pp. 167-173, Oct.-Nov.-Dec., 1923.)-—If o> is the 
angular velocity of rotation, ft of revolution in an orbit, A mean distance 
from the centre, a the density, certain relations appear graphically in the 
cases of Earth, Mercury, Venus. Mars, Jupiter, Saturn, Uranus, and the 
Moon. Plotting then A and oj/ft a regular curve results and extra¬ 
polation gives the Neptunian day as 11-12 hours. Plotting w/QA 
(which can be replaced by the equivalent quantities wA* or o>ft~*) and 
<7 gives another curve with Saturn as the only discordant point. These 
observations, besides their intrinsic interest, support Biclopolsky’s deter¬ 
minations of the periods of rotation of Mercury and Venus and support 
the value doubtfully assigned to Uranus. A. Wh. 

1107. Cosmical Refraction. H. Kienle. (Phys. Zeits. 25. pp. 1-6, 
Jan. 1. 1924.)—In Hopmann’s address read in Bonn, September, 1923 
(see Abstract 803 (1924)], he stated that the deflection of light in the 
neighbourhood of the sun, which was proved to exist by measurements 
of the 1919 and 1922 eclipse photographs, could be almost better explained 
by Courvoisier's " cosmical ” or “ yearly refraction ” than by Einstein’s 
gravitational effect. But the Courvoisier effect is not an established fact 
universally recognised by astronomers, and Harzer has shown that the 
circumsolar matter assumed to cause it would be totally inadequate to 
produce the required result unless it had properties contrary to all our 
experience. This fact was accepted by Courvoisier in 1913 (Bcob.-Erg. 
der Kgl. Stemwarte zu Berlin, nr. 15), and further investigation into the 
" Courvoisier effect ” should have been conducted, therefore, independently 
of the hypothesis of cosmical refraction. The effect is an apparent shift 
in stellar positions radially outwards away from the sun, diminishing 
with distance from the sun ; and the observations on which Courvoisier 
founded his empirical formula were measurements made at various observa¬ 
tories of Venus near superior and inferior conjunction, and of some bright 
stars near the sun (absolute R.A. and Dec.). A critical examination of his 
figures, however, shows that they do not support the hypothesis of a yearly 
period, nor conform to the formula for distance from the sun. All that 
can be concluded from them is that there is a systematic error in meridian- 
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circle observations, which tends to make morning determinations differ 
somewhat from those of the afternoon ; and this may so well he due to 
some local cause, such as refraction in the air near the observer, or instru¬ 
mental or physiological changes, all of which may be connected with the 
position of the sun, that it is unnecessary to seek a cosmical cause. The 
Courvoisier effect can have nothing to do with the shift in star positions 
on eclipse plates, which is determined by differential measurements. 
Hence there is no reason to hesitate in accepting the eclipse results as 
confirmation of the Einstein gravitational effect. M a. K. 


1108. Momentum of Planets. C. Bellia. (N. Cimento. 2G. pp. 143- 
146, Oct.-Nov.-Dee., 1923.)—The momentum 27 rk .m/Va is far Mercury 
(0 09) 2 t rk. for Mars (0 0875) 2nk. for Venus (0-961) 2nk. for the Earth 
(1 009) 2nk, for Jupiter (139-57) 2rrk, for Saturn (39-81) 2nh. for Uranus 
(3-326) 2irk, for Neptune (3-145) 2irk. The planets therefore range them¬ 
selves in five families, three of two each, two of one each. From the 
point of view of momenta, distances, and kinetic energy, the solar system 
presents remarkable analogies to the Bohr atom. A. D. 


1109. Absorption of Radiation Inside a Star. Part II. A. S. 
Eddington. (Roy. Astron. Soc.. M.N. 84. pp. 104-123. Jan., 1024.)— 
A theoretical investigation has recently been published by H. A. Kramers 
(sec Abstract 863 (1924)] which has an important bearing on the problem 
of absorption and emission of radiation inside a star. The theory leads to 
formula? for the intensity of the continuous X-ray spectrum and for the 
absorption of X-rays by expulsion of K and L-electrons, which are in 
close agreement with laboratory results. At least part of the processes 
of energy-transfer in the interior of a star are of this nature, and the 
author considers it desirable to examine how far Kramer's theory elucidates 
the astronomical problem. Applying the theory to the star Capclla, the 
author shows that an absorption coefficient is obtained about one-eighth 
that determined from astronomical observation. So far as can be ascer¬ 
tained this disagreement is outside the limits of uncertainty, but it appears 
difficult to be sure of this owing to the intricacy of the problem. The 
question whether Kramer’s process is the principal process of energy 
transfer in the star is left open. The state of ionisation in Capella as 
examined in considerable detail and evidence is obtained that the mean 
molecular weight must be near 2-2. a somewhat lower value than the 
author previously considered probabl.e. (For Part I of this Paper see 
Abstract 1076 (1923).] A. B. W. 


1110. Study of Near-By Stars. W. J. Luyten. (Harvard Col!., Obs. 
Annals. 85. No. 6. pp. 73-112, 1923.)—The author has made a list of all 
stars for which any value of the trigonometric, spectroscopic, dynamical, 
spectral, moving-cluster, or proper-motion parallax, exceeds 0 '-099 ; from 
these 105 are compiled whose proper motions are all known, and for some 
also, radial velocities and spectral classes. Analysing the distribution 
of these stars in space, according to Kapteyn’s latest value for the density, 
there should be 190 stars in a sphere with radius of ten parsecs round the 
sun as centre. Dividing this sphere into ten concentric spherical shells, 
each with volume one-tenth that of the whole sphere, each shell should 
contain 19 stars ; but the numbers actually found are : 22. 15, 7. 12, 12. 
6. 6. 9, 8, and 8, showing that the density nearer the sun is rather higher 
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than Kapteyn's value. More than one-half the mass of the Kapteyn 
system is contributed by stars of absolute magnitude between 4 and 9, 
and less than one-quarter by stars brighter than 3 or fainter than 10.’ 
The total mass per cubic parsec near the sun is 0 0246 times the sun’s 
mass. Assuming that their centre of gravity is at rest, these stars (104 
in number) give for the sun a velocity of 25 km./sec., directed towards 
R.A. 278°, Dec. -}- 36°. The distribution in direction of their corrected 
space velocities shows an axis of avoidance, and therefore a plane of 
preference which is parallel to that of the Galaxy. This preference 
docs not correspond to the line of ' vertices of Kapteyn’s star- 
streaming. In the stars actually used (83 in number) twenty have veloci¬ 
ties exceeding 66 km./sec. ; and Oort has suggested that as the lower 
limit of escape in the Kapteyn system is near 65 km./sec., such stars 
may not belong to our system, but it is improbable that they are really 
interlopers coming from another universe since their velocities tend to 
conform to our plane of symmetry. The author finds a close correlation 
between H and M where H = w + 5 + 5 log fi and M = m + 5 + 5 log tt, 
meaning that the logarithm of tangential velocity progresses with the 
absolute magnitude. A functional relation is found between absolute 
magnitude and colour index (C.J T), and linear diameter (D). and density (/>), 
and he computes that for the Kapteyn System, the mass is 1-4 X 10° 
the sun’s mass, and the number of collisions (by analogy with a perfect 
gas) a* 1-4 x 10-»3. A. S. D. M. 


1111. Adiabatic Equilibrium of a Gaseous Star. A. V6ronnet. 
(Comptes Rcndus, 178. pp. 692-694. Feb. 18. 1924.)—In the case of a star 
at a uniform temperature throughout, the density will attain a limiting 
value not far from the surface and then will be constant for 99 % of the 
radius. In the case of uniform density, the temperature will rise with 
increasing depth and will again approach a maximum value. A nearer 
approach to actuality will be the case of adiabatic equilibrium. If b is 
the co-volume of the gas, the differential form of Poisson's Jaw will be 
dp C dT db 

~T - r -: -r and is eas y to Obtain the relations : 

PC — cTv — b 


(\ , p C — c db\ dT 
\ R C dl) 


1 + 


dTJ dr 
P C — c db\dp 

R C dr) Ifr 


YfiC- c 
R C 


(-S) 

-«'(■-£> 


Here db depends only on T, ft is the molecular weight of the gas, and y 
is the attraction at the radius r. Differentiating the second relation again 
and equating to zero, gives a possible equilibrium where a limiting pressure 
and temperature are approached rapidly but are not as high as in the 
extreme cases. It is pointed out that it is unwise to introduce hypo¬ 
thetical quantities in great excess of anything of which we have direct 
evidence. ^ A. Wh. 

1112. Radial Velocities of Globular Clusters and de Sitter's Cosmology. 
L. Silberstein. (Nature, 113. pp. 350-351, March, 8. 1924.)—The 
behaviour of two particles describing world geodesics is investigated and 
the assumption made by Weyl of a universal scattering tendency is 
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dispensed with De Sitter's empty space-time is characterised by 
ds~ = cos 3 a . c-dt~ — dr- and a = r/R where R is the curvature radius 

of the world. Then the radial motion of a free particle is — 

M The ™' nimal ,inCS Wrt signals) 'arc 
C[t - * 0 )/R - J sec a . da. H ence the complete Doppler effect will be 

. = ? [1 . ± K V/l “ cos2 ^M-J ~ » where «/ 0 ^ ^ gives A = (i - ASi-|, 

finlll ° b) f tS ,o ,S 4f ntativel y assumed approximate to unity ami 
finally 8A/A = ± r/R. This result is compared with values derived from 
certmn globular clusters, the values of R from seven cases being 6-7 0 7 

*'■’ 5 ' 7 ' 91 T aStronomi -' »»«*»■ The agreement It 
these values is unexpectedly close and the author appeals for information 
concermng the radial velocities of the clusters N.G.C. 6293, 6553 6770 
68C4. 0981, 7006. and 7492. for which distance estimates are available. 

A. Wli. 

H Vi\l\J , ‘ e l7 Ab > 0r ? i Z ° f , Li * k * a " d the Limits °f ihe Stclla * System. 

Dronoled bv { l ° PP 388 ' 393 ' ,92 ^)-The criterion 

proposed by v. Seeliger for the presence of a limit to the typical 

stellar system is stated by the present writer to have been much mis- 

understood. Van Rh.jn s work is quoted, and also the recent publication 

of Kopfl [see Abstract 53 (1924)]. in which the deceptive effect on the 

Seeliger argument of a light-absorbing layer is pointed out. The investi- 

gation of this problem forms the subject matter of the present paper. 

and it is shown that Seehger's assertion of regularity in the distribution 

ot the star numbers docs not produce discontinuity in the first differential 

*2? that u th,s cffect on, y a PPcars among the second coeffi- 
cicnts. Also that such conditions can only be explained by the assumption 
of a finite limit to the stellar system and a finite maximum value for the 
absolute brightness of the stars. The paper is entirely mathematical. 

H. H. Ho. 

p ° f Slar Clusters ' C - Parvulesco. (Comptes 

Rendus. 178. pp. 375-377. Jan. 21. 1924.)-In a study of the double 
cluster in Perseus, the author has found that the magnitudes of the stars 
are related to their spectral types in a similar manner to that found by 
Adams in the neighbourhood of the sun—the farther from the centre, 
the more advanced the type; B-type stars being concentrated at the 
centre and K and M stars on the periphery of the cluster. There is. 
therefore, a relation between the cluster's centre of gravitation and the 
spectral types of the stars composing it. But in the cluster, mass is 
nearly uniformly distributed, so that each star is acted upon by a force 
proportional to.the distance from the centre, from which he finds that 
the mean velocity (V^,) of a star is proportional to the amplitude of its 
motion, and that mV;/2 = constant, so that the masses of the stars are 
in the inverse squares of their amplitudes. Since in this investigation it 
has been found that the amplitudes of motion of B. F. G. and K stars are 
equal respectively to 1, 2. 2-5. and 4. it follows that the masses of these 
types are as 1, 1/4, 1/6-25. and 1/16 ; that the most massive (B) stars have 
very small mean motions, and are not far distant from the centre. He 
therefore deduces that such a distribution is a law in such clusters as 
have a stratified structure. A S D M y* 
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1115. Algol Type Variables. Michcovitch. (Coniptes Rendus, 178. 

pp. 74-77. Jan. 2, 1924.)—Accepting Charlier’s relation r = R. 10°‘ 2m , 
where m is the apparent magnitude, r Jhe distance, and R is a function 
of the temperature and diameter, which for certain types may be taken 
as constant for that type, the author investigates 152 Algol type vari¬ 
ables. Of these, 18 have well-determined proper motions, and these give 
for the coordinates of the sun’s apex and velocity. R.A. = 288°-7. 
Dec. = 18 D -8. and S = O'-342. Adopting, with Gyllcnberg, the velocity 
of the sun as S = 4 -17 siriometers. corresponding to 19*8 km./sec., R is 
found to be 2-51 sir. Presuming that all Algol type stars have the same 
absolute magnitude, from this it is possible to find their distribution in 
space, and the author finds that 60 % are nearer than 60 sir., and 78 % 
nearer than 100 sir., on one side or other of the galactic plane ; in the 
plane their distribution is sensibly uniform up to 290 sir. Algols are 
therefore concentrated towards the galactic plane, though not to the same 
extent as B- or N-type stars. From the distribution in space of these 
stars, he derives a fresh determination of R = 2-46 sir., agreeing well 
with the previous value adopted. From the fact that 70 are stars of 
type A [wrongly given as type R in this paper, but corrected in the 
Comptcs Rendus. Jan. 14. p. 348). the author checks the value of 
R =* 2 07 found by Malmquist from the proper motions and radial 
velocities of 387 stars of similar type. A. S. D. M. 

1116. Absolute Magnitudes and Parallaxes of 1080 Stars. R. K. 

Young and W. E. Harper. (Roy. Astron. Soc. Canada. J. 18. pp. 9-59, 
Jan.-Feb., 1924.)—The whole material of this investigation will eventually 
be published, but this is a preliminary paper designed to present without 
delay some of the main results. The general plan and the methods are 
described, and it is believed that the accidental error in the absolute 
magnitudes obtained is less than 0-2M. Nine more lines have been 
added to the five previously used for judging ratios of line-intensity, and 
the character and behaviour of all are discussed, showing which are most 
suitable for use with different types of stars. The empirical curves con¬ 
necting line-intensity with luminosity have been independently deter¬ 
mined from about 500 stars whose trigonometrical parallaxes are known. 
Comparing the results of this investigation with those obtained at Mt. 
Wilson, the spectroscopic parallaxes found for stars of types F0 to G9 and 
also for the early K and the M types agree quite well ; but for giants of the 
K3 to K9 types there is a remarkable difference, the Victoria observations 
showing a range of nearly five magnitudes, and the Mt. Wilson little more 
than one magnitude. It is thought that the criteria used at Mt. Wilson 
mixed together in one class stars of widely different luminosities. In the 
course of the work several more lines were noted which might with advan¬ 
tage be used in future determinations, since the greater the number of 
lines used the greater the reduction of accidental errors. There does 
not appear to be any sharp line of distinction in the absolute magnitudes 
of the c-stars, including Cepheids, and it is concluded that they form a 
part of the stellar sequence. M. A. E. 
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o l! 1 ™ 0 ” th f i eUc/ive Inflection of Light at Diffuse Reflect ,up Undies. 
O. P. Woronkoff and G. J. Pokrowski. (Zeits. f. Phvsik 20. 0. 
pp. 358-370, 1924.)—The problem of the diffuse rcllection of light has 
up to the present not received a sufficiently clear and definite solution 
and only the cosine law of Lambert has been established. In the present 
paper an experimental investigation of this problem is described with 
full detail, data being included for a variety of substances, viz. : Magne¬ 
sium oxide, rust, rhodamine B. diamine red 4 B. diamine green, methylene 
blue, methyl violet B. crystal violet, and ultramarine. For bodies which 
absorb and diffusely reflect light a selective reflection has been observed 
VVhen the absorption is small, the reflection obeys the cosine law. When 
the absorption increases, then deviations are observed as the angle 
increases, and. for large reflection angles, the intensity of the scattered 
light deepens. The greater the absorption, the more distinct are the 
deviations from the cosine law. The Umow rule, which states a relation 
between the absorption and the polarisation of light rays, can be extended 
by the establishment of the connection between absorption, reflection 
and polarisation. In order to obtain the absorption spectrum which 
characterises the true colour of a given body, measurements must be 
carried out for incident and scattering angles smaller than 10 °; or the 
investigation is so conducted that the reflected rays arc allowed to fall 
on a nicol so arranged as to remove the polarised rays which exhibit 
the greatest deviation from the cosine law. To define a body optically 
it is necessary not only to have its absorption spectrum but also the 
curve for light scattering as dependent on the absorption and on the 
angles of incidence and reflection. H. H. Ho. 


1118. Variation of the Specific Refraction of Gases with Pressure below 
One Atmosphere. V. Posejpal. (J. de Physique ct le Radium. 4. pp. 451- 
400, Dec.. 1923. Paper presented to Acad. tch£quc des Sciences et des 
Lettres, June, 1923.)—It is shown, starting from the equation n — 1 
- K(I -f flp) where n is the index of refraction of a gas under pressure, 
that the values of the parameter /? found by Safrinek for oxygen and by 
Schacherl for hydrogen, below one atmosphere are numerically much 
greater than those which have been found by previous authors with higher 
pressures. Similarly to the case of air and of C0 2 formerly measured by 
the author, there is proved below one atmosphere an inverse proportion¬ 
ality between p and the mean value p of the corresponding interval of 
pressure, for higher intervals p diminishes more and more slowly with 
increasing pressures. For hydrogen the absolute value of p must be 
understood, its true value being negative. There follows from the values 
of the parameters p and from the experimental data on the compressibility 
of gases a variation of their specific refraction below, and sensibly little 
below, one atmosphere. The course of this variation as shown by curves 
is quite analogous to those found formerly for air and C0 2 , with the single 
important difference that the curve for H has an inverse course. For the 
other gases the specific refraction increases with the pressure and very 
quickly for pressures very feeble, becoming constant at two or three 
atmospheres. The specific refraction of H diminishes in an analogous 
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way with increasing pressure. A qualitative explanation of this variation 
of specific refraction with pressure is given founded on the ideas of the 
Rutherford-Bohr atomic theory. J. J. S. 

1119. Refractive Index of Gums and a Simple Method of Detertnining 

Refractive Indices. A. Mallock. (Nature, 113. p. 159, Feb. 2, 1924.)— 
In connection with some work on the refractive indices of organic struc¬ 
tures the author has measured the indices of a considerable number of 
gums and their solvents, data for which and experimental procedure being 
now given. It appears that no fluid (at least no fluid in ordinary use) has 
a lower refractive index than water. For a large number, /z lies between 
1-35 and 1 -45 ; for most of the gums soluble in alcohol, ether, or benzol, 
fi> 1-45 and <1-55, and for a few /z> 1-6. Between these and the /z 
for styrax (1-8) there is a large gap. Erratum (Ibid. p. 643, May 3, 
1924). H. H. Ho. 

1120. Photometer for Surfaces of Low Brightness. G. Gehlhoff and 

H. Sobering. (Zcits. techn. Physik. 4. 10. pp. 391-392, 1923.)—-Claims 
priority in the use of the Maxwellian view in photometry [see Abstract 
1978 (1922)]. J.W. T. W. 

1121. Stellar Photoelectric Photometer. E. E. Cummings. (LickOb- 

servat., Bull. 11. pp. 99-121, 1923.)—A detailed account of apparatus 
designed for the 12-inch refractor of the Lick Observatory. The photo¬ 
electric cell, mount and string electrometer are all carried on the end of the 
telescope tube, and the necessary limitations of the design are discussed 
in some detail. The sensitive elements consist of potassium hydride in 
argon. Corrections are applied for dark currents, background illumination, 
zero shift and leakage, and the procedure in an observation is described. 
A colour index curve for the system is given, as well as an extended series 
of observations on f$ Cephci. This shows good agreement with the work 
of Guthnick and Prager, and the period given is similar to that derived 
by Crump from spcctrographic data. The probable error of an observation 
is ± 0-008 magnitude. A. Wh. 

1122. Light Distribution. L. Bloch. (Elekt. Zeits. 44. pp. 1071-1074, 

Dec. 13. 1923.)—Describes the usual methods of calculating mean spherical 
candle power or total flux from the polar curve of a light source. In the 
case of very uneven distribution, such as a lamp with focusing reflector, 
the use of a logarithmic candle-power scale is recommended. As a method 
of describing briefly the general nature of the light distribution from a 
source the use of the following three figures is recommended : (a) The 
position of the maximum candle-power, (6) the percentage of the total 
flux which is emitted in the lower hemisphere, and (c) the multiplication 
at maximum, i.e. the value of J. W. T. W. 

1123. Production of Thin Opaque Metallic Films and their Optical Pro¬ 
perties. F. Rother and K. Lauch. (Phys. Zeits. 24. pp. 462-464, 
Nov. 1-15, 1923.)—Describes apparatus which has been found suitable 
for the production of very thin opaque films of various metals on glass by 
kathodic sputtering. The metals which have been investigated are 
Ag, Au, Pt, Cu and Ni. The refractive index, absorption, and reflection 
ratio are given for light of wave-lengths 678 and 646 mu. J. W. T. W. 
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w J. 124 ' ^ E l eclnc B '“f™gence of Camphor and Carvone . R. de 
MaUemann. (Comptes Rendus. 177. pp. 1028-1031. Nov. 19. 1923.)— 
It has been shown in a preceding paper [see Abstract 110(5 (1923)1. that 
the measurement of the Kerr constant of an optically active bodv mav 
not be earned out in general by the process usually employed for inactive 
substances, and a method for the purpose was then indicated. The 
present paper includes experimental details of the latter, and the results 
obtained thereby for camphor and carvone. The author concludes that 
solutions of camphor in hexane afford a remarkable verification of the 
pnnciple of superposition enunciated by Gouy. in that the true birefringence 
is superposed simply on the normal rotatory power. Also the electrical 
birefringence of camphor is positive and sensibly independent of the 
concentration. Carvone is found to possess a much larger positive electrical 
birefringence, but its investigation is difficult because this liquid shows a 
persistent and appreciable conductivity. The type of phenomenon, 
however, conforms to the principle of superposition, but the maximum 
rotations of the axes of the ellipse have always appeared systematically 
greater than the calculated values. On theoretical grounds [toe. cit. i 
the orientation of the molecules by the electric field should suffice to render 
appreciable the anisotropy of their optical activity. The values of the 
Kerr constants found for camphor and carvone arc -f 159 and 730 
respectively, where CS 2 = + 100. and A «= 0-546. H. H. Ho. 

1125. Butyro and Immersion Refractometers. J. W. Perry and 

G. C. Roberts. (Journ. Sci. Instruments. 1. pp. 87-90, Dec.. 1923 )_ 

For many purposes results obtained with the butter and immersion 
refractometers are expressed in terms of the scale readings of the instru¬ 
ments ; when necessary the refractive index of the specimen may be 
found from conversion tables. To test the consistency of these tables 
the relation between the scale reading and refractive index is determined 
for each instrument. The relations obtained show that errors in the scale 
calibrations are within the limits of accuracy claimed, but a small zero 
correction may be required for the former instrument. A. W. L. 

1126. Colour Vision . F. Exner. (Akad. Wiss. Wien. Her. 131. 2a. 
No. 10. pp. 615-641. 1922.)—The question how the energy of the outer 
world is communicated to the nervous constituents of the retina has not 
been cleared up ', the photochemical theory is not satisfactory; the Young- 
•Helmholtz theory does not profess to offer a solution. The author 
assumes that the rods and cones are provided with damped electro¬ 
magnetic resonators, each capable of responding to a considerable range 
° requencies ;< and that normally these resonators are of three kinds, 
with ranges of frequency corresponding to red, green and blue-violet 
sensations respectively. He goes very carefully into the consequences 
of this assumption and into the facts of observation (including colour¬ 
blindness. rods and cones, twilight vision, eccentric vision, Purkinie’s 
phenomenon, etc.), and he collates these. The time has not yet come 
or a complete Systematisation j but nothing has emerged which tells 

against the resonator hypothesis, while this hypothesis greatly simplifies 
the whole subject. » . 6 A. D. 

” I " J lit* I Ji tfVV •**#.! •% I t ft* . i|4 ^ m ^ t f 

1127. The Faintest Visible. G. Jaeckel. (Phys. Zeits. 26. pp. 13- 

17, Jan. 1, 1924.)—G. Gehlhoff and H. Schcring have made 
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measurements (Zeits. f. Beleuchtungswesen, 25. 17. 1919) according to 
which the limiting illumination of the retina which permits vision appears 
to depend on the visual angle subtended by the object; objects of 
17"-5 require 2000 times the illumination required by objects of 1°; so 
that danger-signals ought to be large as well as bright. The author 
develops an explanation of this on physiological grounds. He assumes 
( 1 ) a minimum amount of illumination must reach a given single rod of 
the retina, this amount being independent of the visual angle ; (2) we 
must take into account the want of sharpness in retinal images, which 
reduces retinal illumination ; (3) this want of sharpness is particularly 
marked when the eye is adjusted for darkness and the pupil dilated, 
and then the centre of a broad object appears brighter than the margin 
on account of overlapping. This is found to explain Gchlhoff and 
Schering’s numerical apparent results, and also to explain irradiation ; 
the margin of the retinal image is. at low illuminations, too feebly illu¬ 
minated to stimulate the nerve-ends covered by it. while at higher 
illuminations the stimulus is sufficient. There is no need to assume a 
spreading of stimulus from rod to rod. A. D. 

1128. New Verification of the Law of Perception oj Brief Illuminations 
at the Limit of their Range. A. Blondel and J. Rey. (Comptes Rendus, 
178. pp. 276-280, Jan. 14. 1924.)—In 1911 the authors published a law for 
determining the limiting range of brief illuminations under the form 
E/ — E 0 f + K. where E is the illumination of the pupil and t the duration 
of illumination. E 0 and K two constants. [Abstract 1476 (1011).J This 
law was established by numerous observations made by many observers. 
In 1920 H. Ptfron described experiments tending to show that for dura¬ 
tions of less than 0 -1 second a certain '* inertia of the retina ” comes into 
play which would increase very considerably the value of E t in proportion 
as the duration of the flashes approaches more nearly to 0. The authors 
criticise the views and experiments of Pidron and have repeated some of 
their experiments with modified apparatus. The result is that they have 
verified the law previously established and have shown that it holds for 
illuminations still shorter than those they previously obtained. They 
find no new inertia of the retina to cause an increase of the product E t in 
the case of very short durations. In fact the effect of inertia is included 
in their formula in the constant K. For short durations the formula 
reduces sensibly to Et = K (const.) as the old formula of Bloch. 

J. J.S. 

1129. The Growth of the Telescope. W. J. S. Lockyer. (Roy. Inst. 
Proc. Advance Proof. Received July, 1923. Nature, 112. pp. 284-288, 
Aug. 25. 1923.) 

1130. Focal Changes in Mirrors. E. Pettit. (Mount Wilson Observat. 
Contrib. No. 266. Astrophys. J. 58. pp. 208-214. Nov., 1923.)—One of 
the chief difficulties in solar investigations is caused by the focal changes 
taking place in the image-projecting apparatus when the fixed form of 
telescope is employed. The object of the investigation described was to 
.compare systems of mirrors in order to determine their relative merits. 
The mirrors were mounted on the ccelostats of the 150-foot tower, the 
60-foot tower, and the Snow horizontal telescope and exposed to the sun. 
The position of the focused image of the sun was determined at intervals 
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over a period of several hours by means of a card moved along a scale 
Each pair of mirrors was tested on three or more days, and the mean curve 
drawn. Both long-focus lenses and concave mirrors were used to project 
the image. The observed focal changes are all reduced to the scale of 
the 150-foot tower telescope for comparison. Seven pairs of plane mirrors 
of crown glass, pyrex glass, and speculum metal, of varying thickness 
were used, with and without cooling systems. The smallest changes 
observed were with the speculum metal and the pyrex glass mirrors. 
For the first hour of exposure the rate of change in the pyrex mirrors is 
about the same as in the thick crown-glass mirrors of the towers, after 
which it ceases entirely and the focus remains constant during subsequent 
exposure. The same phenomenon was observed with the speculum metal 
mirrors, the focal change being slightly smaller. The effect of wind blowing 
on the mirrors is to reduce or even to reverse the march of the focal plane. 
AH the mirrors tested, except the crown-glass mirrors of the Snow telescope 
ccclostat and the speculum metal mirrors became concave on exposure to 
the sun. This is an anomaly, since a convex figure would be expected 
to result from the linear expansion of the exposed surface. The seeing 
conditions at the 60-foot tower were found to be greatly superior to those 
at the Snow horizontal telescope on the 150-foot tower. As a result of 
the experiments described in the paper full-size pyrex mirrors have been 
obtained for the 150-foot tower. j j 5 

1131. The Thin Double Lens. T. Smith. (Optical Soc., Trans. 25. 1. 
pp. 13-20, 1023-1024.)—The shapes of the lenses and the types of glass 
suitable for the construction of an objective free from all first-order 
aberrations in a primary plane for an infinitely distant object are found 
on the assumption that the system is composed of two separated thin 
lenses, each of which consists of glasses cemented together. The analysis 
indicates that " old " achromats should be used for both component 
lenses, a conclusion not in accordance with modern practice. Author. 

1132. Algebraic Theory of a Class of Photographic Objectives. E. T. 

Hanson. (Optical Soc., Trans. 25. 1. pp. l-ll; Disc., 11-12. 1923- 
I K? 4 '**~ A£ter a Sh ° rt discussion oi lhe general theory of the first-order 
aberrations in a system of thin lenses, the equations expressing the 
absence of Seidel’s first four aberrations in an objective consisting of 
two thin systems of lenses, separated by an interval, are formed. When 
each of the two thin systems consists of only two lenses, the equations 
can be put in a form which admits of an elegant graphical solution, 
regard being paid to the necessity of obtaining a solution in which no 
one of the lens curvatures exceeds a certain limit. Author. 

1133. Interference Method of Determination of the Focal Length of 
Optical Systems. E. Bratke. (Zeits. f. Physik. 21. 2. pp. 120-127, 
1024.) A method which permits of a high degree of accuracy is 
described for the determination of the focal length of a lens or a com¬ 
pound optical system. Light is reflected from the front and back sur¬ 
faces of a plate of glass (optically plane-parallel and inclined at 45° to 
the axis of the lens system), through the lens system to a plane mirror 
the position of which can be adjusted. The light reflected by this mirror 
retraces its path to the plane-parallel glass plate and when the mirror is 
in correct adjustment forms a series of interference bands on a screen near 
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the source. A small shift x in the position of the mirror produces a 
change from «, to i 2 in the distance apart of the interference bands. If 
A is the wave-length of the light employed the focal length of the lens 
system is given by the expression 


where a 0 is a constant = - . .. ■ == d being the thickness of the plane- 

Vn 2 — sin 2 <£ 

parallel glass plate, n its refractive index, and tf> the inclination to the 
optical axis of the lens system. As an example a telescope lens, not 
corrected chromatically, and having a mean focal length of 485 mm., gave 

(а) A 678 tnfi / 0 = 487 mm. 

(б) A 646 /o = 485-5 mm. 

(c) A 435 / 0 = 475 mm. 

The value of the focal length is that corresponding to the so-called axial 
rays (or rays of very small angular aperture). A. B. W. 

1134. Telescopic Triple Object-Glass of High Relative Aperture. J. W. 

Gifford. (Hoy. Astron. Soc., M.N. 84. pp. 175-177, Jan., 1024.)— 
Describes the construction of an apochromatic triple having a relative 
aperture//9- 2. J. W. T. W. 

1135. Inter-Ocular Distance in the Binocular Microscope. H. 
Siedentopf. (Zeits. f. Physik, 21. 3. pp. 178-186, 1924.)—As a result 
of the chromatic aberration in the eye. the apparent depth of an object 
seen by the binocular microscope depends on the colour of that object 
unless the inter-ocular distance is carefully adjusted to a particular value. 
It will be seen, by reference to Fig. 1 that if the light entering the left 
eye from a blue object be confined to the extreme left-hand portion of the 


Left Eye 


Inter- Ocular 
Distance 


Blue 


Mtcr 


pupillary opening, the image on the retina will be formed on the right 
(nasal) side of the line of sight. Similarly, if only the right-hand part of 
the right eye be effective, the image will again be on the nasal side of the 
fixation point. The result is an apparent displacement of the object 
away from the observer. Thus, if the inter-ocular distance be too great 
(see Fig. 2), blue objects will appear at a lower level than red objects 
which are actually in the same plane with them. J. W. T. W. 
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1136. Focusing Type of Dark Ground Illumine 
:roscopes. G. Beck. (Journ. Sci. Instruments. I 
4.)—Describes a dark ground illuminator which wi] 


J. W. T. W. 

du s U l 7 «' ™ fMraut-MossoUi Objective. H. Chriiien. (Coraptcs Ron- 
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an axis parallel to its edges so as to bring each in turn into the same 
position relative to the telescope. One angle of the prism was made as 
near 60° as possible, but of the others one is deliberately greater and one 
less. In using the edges in turn the times are obtained for star altitudes 
of 60° V 38*. 59° 59' 29*. and 59° 52' 53*. Secondly, a device is incorporated 
to duplicate the direct image of the star, the instrument being used by 
determining the instant when the other image, moving in the opposite 
direction, comes into the same horizontal line as the two direct images. 
This method has been found to result in greater acuity of the eye than 
when it is a case of noting the instant of contact of two images approaching 
one another. 

The errors and adjustment of the instrument are dealt with in some 
detail. M. A. G. 


1141. Testing of Right-Angled Prisms. J. W. Nicholson and F. J. 
Cheshire. (Hoy. Soc., Proc. 104. pp. 572-587, Dec., 1923.)—The authors 
give a theoretical treatment of Coddington’s method for the determination 
of pyramidal error in a right-angled prism. A brief description is also 
given of the method as erroneously applied to the determination of error 
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in the right-angle. The new method for the determination of both 
error and angular error is based on the optical arrangement shown in 
elevation in Fig. 1. The parallel beam incident on the right-hand face 
of the prism is focused to a definite point by the receiving system shown 
on the left. As the prism is rotated about a vertical line this image point 
moves in the focal plane and traces out a definite curve. This curve is 
of the form shown in six positions in Fig. 2. If O is the position of the 
image when the prism is removed, (1) and (1 # ) are the curves obtained 
from a prism without pyramidal error, but with inequality of base angles ; 
(2) and (2') are obtained with a prism having pyramidal error only; (3) 
and (3') are given by a prism with both types of error. (They may alterna¬ 
tively be at P and Q.) The distances in the figure are, if / is the f ocal 
length of the receiver, OA =frj{V2n*- 1 - 1} and OB =/e{V2n 2 -1-1} 
where t) is the pyramidal error, e the difference between the base angles, 
and n the refractive index. It is assumed in the above formula? that T] and 
e are both small. J. W. T. W. 


1142. Physiological and Photographic Effects of Mercury -Vapour 
Lamps. M. Leblanc and Broca. (Soc. Frang. Fleet, Bull. 3. 
pp. 251-254, June, 1923.)—The author refers to an observation by Broca, 
who has found that the mercury-vapour lamp, in spite of its low bril¬ 
liancy, causes a relatively great pupillary contraction which is ascribed 
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to the fatiguing effect of certain radiation. Broca endeavoured to explain 
fatigue of the eye by monochromatic light by the Young-1 lelmholtz 
theory. In this connection the figures of Ives, showing the red. green, 
and blue constituents in various illuminants are quoted by the author 
who contends that the resultant effect with quartz tube mercury lamps 
resembles that of daylight. In regard to actinic effect, experience shows 
that excellent photographs can be taken with light from such lamps 
Broca, in reply, contends that the data of Ives are not in conflict with 
his hypothesis and that although good results are obtained with films 
taken by the light of mercury-vapour lamps much better ones are 
secured by using panchromatic films, and an exposure with light that is 
substantially white. J S D 

1143. Total Reflection Prisms. H. Cranz. (Zeits. Instrumentenk. 
43. pp. 289-306, Oct.; 313-329. Nov., and pp. 341-351, Dec.. 1923.)— 
A very detailed consideration of the geometrical optics of the different 
forms of total reflection prisms used in modern optical instruments. 
The paper is mainly mathematical and cannot be usefully abstracted. 

J. W. T. W. 

1144. The Waetxmann Interference Method for the Investigation of 

Optical Systems. Part /. E. Bratke. (Zeits. f. Physik. 21. 1. pp. 9- 
25, 1924.)—Wactzmann. who used for the first time an interference 
method to determine the correction state of an image-forming optical 
system, found that the interference phenomena employed could be 
applied very well to qualitative observations of error. Deviations from 
the theoretical interference figures enabled estimations of the nature 
and magnitude of the errors and numerous applications were made to 
cases of spherical and chromatic aberration. For quantitative use, 
however, theoretical development is necessary, and this was supplied for 
the ideal case by Bratke and Waetzmann [see Abstract 473 (1924)]. 
The first part of the present investigation now deals with the theoretical 
extension to the ordinary lens combinations, and is followed by a com¬ 
parison with the experimental data. Section 1 considers the appearance 
of the interference figures for lenses. Section 2 describes interference 
curves for optical systems of known spherical aberration. The unsym- 
metrical character of the curves is found to become less pronounced 
the smaller the spherical deviation of the system, and the thinner the 
plane parallel plate employed in the interference experiments. Further 
work is promised. H. H. Ho. 

1145. Kirchhoff's Theory of Diffraction. A. Rubinowicz. (Ann. d. 
Physik, 73. 5-6. pp. 339-364, Feb., 1924.)—The intensity of the illumina¬ 
tion behind a screen with a hole in it, illuminated by a point source of light, 
may be obtained by the Kirchhoff-Huyghens principle, as a double integral 
taken over the surface bounded by the edge of the hole. It is possible to 
reduce this to a line integral taken along the edge, and the author studies 
the approximate evaluation of this integral by use of the principle of 
stationary phase. The diffracted light can be expressed as due to a kind 
of reflection from points on the boundary in the neighbourhood of which 
the sum of the distances from the source and the point at which the 
illumination is sought has a stationary value. The approximation is 
taken as far as the cube term in the expansion of this sum as a Taylor's 
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series. In the neighbourhood of the boundary of the geometrical shadow, 
the mathematics is more complicated, but the same physical interpreta¬ 
tion holds. The method of approximation breaks down if the stationary 
condition holds for an extended range along the boundary ; if the hole 
is very small; and for a boundary with points or cusps. W. G. B. 

1146. A Peculiar Diffraction Interference. K. Noack. (Phys. 

Zeits. 24. pp. 495-500. Dec. 1-15. 1923.)—This paper deals with Maey’s 
theoretical treatment of the author's previously described interference 
fringes at the edge of an illuminated screen (Phys. Zeits. 23. pp. 228- 
229, June 1, 1922). since certain features of it appear to contradict the 
results obtained. Discussion is confined to the case where the lens is 
focused as sharply as possible upon the objective picture of the screen 
edge. 1 wo essentially different interference effects appear superposed 
on each other and these are considered at length from the standpoint 
of Macy's theory, tables of data being included. The primary fringes 
are found to be not equidistant but to decrease in breadth at first rapidly 
and then more slowly outwards, while in contrast the secondary fringes 
appear equidistant. These phenomena arc considered for different 
screens, but further investigation is needed for a satisfactory solution to 
the various problems raised. H. H. Ho. 

1147. Remarks on K. Noack's Paper : " A Peculiar Diffraction Inter¬ 

ference." E. Maey. (Phys. Zeits. 25. pp. 17-19. Jan. 1. 1924.)—The 
writer commences by expressing his complete accord with No&ck’s obser¬ 
vations [sec preceding abstract], but points out the misunderstanding 
which underlies Noack's contradictory conclusions with respect to his 
(Maey’s) previous work on the subject. In reply Noack, while requiring 
further experimental data, states definitely that for the explanation of 
the very sharp interference phenomena, two discrete sharp images arc 
indispensable, and it is their absence which still leaves unexplained the 
fringes described by Maey. H. H. Ho. 

1148. Reflection and Transmission by Parallel Plates. F. Benford. 

(Optical Soc. of America, J. and Rev. Sci. Inst. 7. pp. 1017-1025. Novi, 
1923.)—Fresnel’s reflection equations are used to obtain expressions for 
the light reflected from, and transmitted through, piles of plates, taking 
into account absorption in the glass. The cases of 1. 2. 3, and 4 plates 
in the pile are separately considered. By induction from these cases 
general expressions are obtained applicable to n plates. These general 
expressions are very complicated, however, and it is suggested that in 
any given case a step-by-step method should be adopted. A. A. D. 

1149. Photophoresis. O.Halpern. (Ann. d. Physik, 73. 5-6. pp. 467- 
469, Feb. 1924.)—The radiometer theories of photophoresis (motion of 
illuminated particles) [Abstracts 1085 (1918) and 1616 (1920)] in their 
present form are able to give only a poor explanation of a number of 
important characteristics of the observations. The setting up of a thermo¬ 
dynamic criterion that may be modified in an analogous way for other 
radiometer phenomena gives first the reconciliation of the theory brought 
forward with the second chief proposition and leads secondly to the investi¬ 
gation of the hitherto not estimated temperature relations at the surface 
Of the bulb. The enormous rise of temperature involved is not consistent 
with the observations and can scarcely be removed otherwise than by 
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bringing in the auxiliary hypothesis of a condensation of gas. This 
hypothesis explains a series of thermal anomalies and gives at the same 
time a fixed point indicating in what direction the grounds for the bad 
agreement between theory and experiment are to be sought. Especially 
through it is the fact of the small dependence of the photophorctic force 
on pressure made understandable. J. J. S. 

1150. Polarisation of Light Diffused Laterally by Transparent Gases. 
J. Cabannes and J. Granier. (J. dc Physique ct le Radium, 4. pp. 429- 
460, Dec., 1923.)—The partial polarisation of light diffused by the prin¬ 
cipal transparent gases normally to the primary beam has been examined 
several times. This phenomenon proves the anisotropy of the molecules 
and permits of the elimination of some of the proposed models. But the 
numerical values hitherto published present great divergences and the 
authors have mado new measurements with care to obtain good conditions. 
When a transparent gas with polyatomic molecules is illuminated by a 
parallel beam of natural light, this beam observed laterally appears as a 
secondary source partially polarised. Two incoherent ' vibrations of 
unoqual intensity constitute the diffused light. The stronger of the two 
vibrations, of intensity I, is normal to the plane of the two rays primary 
and secondary : the more feeble, of intensity », is parallel to the primary 
ray. What is measured is the proportion of light polarised (I - *)/(! -f i) 
or more simply the ratio p = i/I, that is called the “ factor of depolarisa¬ 
tion." The most recent results of Lord Rayleigh give higher values than 
those previously published, and the authors after discussing various possible 
sources of error think that the most probable is that the gases were not 
perfectly clean but contained in suspension dust or minute drops which 
formed centres of diffusion. The authors have taken special precautions 
to obtain purity in the gases. They used (at Montpellier) sunlight as 
sourco of illumination which made easy good visual observations. Small 
quantities of gas—some hundreds of c.c. as a maximum—were used. 

The following are the values obtained for p. the factor of polarisation, 
m the caso of the various gases dealt with : N 2 0, 0 122 ; C0 2 , 0 098 ; 
0 2 , 0 0045; Air. 0 041; N 2 . 0 0375; NO, 0 026 ; H 2 . 0 022 ; CO. 0 017. 

J. J. S. 

- 1,5 *• The Electromagnetic Theory of Natural Rotatory Polarisation. 

It. Chipart. (Comptes Rendus. 178. pp. 77-79. Jan. 2. 1924.)—In 
conformity with MacCullagh [see Abstract 827 (1924)) the dielectric 
polarisation P is deduced from the identity J(P8 E)<Jk> s JSWrfre, 
dE tending to zero value on the surface limiting the dielectric. W is a 
quadratic form of the components of the electric field E and its first 
differentials with respect to the coordinates. To find the double refrac¬ 
tion and the natural rotatory polarisation, the two first terms 
only of the W series are considered, i.e. W = l<f>[Ex, E y. Er) 
jpp(Ex, Ey., Ex ; iiEJbx. dEy/dy, dE,/dz). <f> being a quadratic form 
and tp a bilinear form. The latter contains 27 coefficients, and 9 
linear equations are now shown to relate them. The quadratic form 
E y. Ez) is a direct scalar, and the polarisation P is shown to be the 
sum of two vectorial functions of E of which the first is derived from <j> 
and the second from the above expansion. Invariant surfaces defining 
the optica? properties of the medium are thereby derived. The paper is 
entirely mathematical. H. H Ho 
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1152. Emission of Light from Excited Atoms. G. Mie. (Ann d 

Physik, 73. 3-4. pp. 195-208. Jan.. 1924.)—W. Wien explained the 
diminution of light emission along a canal ray, passing through a 
vacuum, as being due to the gradual fading away, ** Abklingung," of 
the vibrations of the single atoms. Other more recent authors think of 
the emission of the atoms as an almost instantaneous process, and 
explain the above diminution as being due to the fact that the flashes of 
light are more frequent at first, but diminish as the number of excited 
atoms becomes smaller. The average time during which the atoms 
remain excited thus governs the above phenomenon. The author points 
out the difficulty of explaining refraction and interference on this theory, 
and propounds a theory of radiation, in which the atoms remain in the 
excited state for a finite time, and also send out light waves during a 
finite time. During this latter time the atom passes gradually from the 
higher stationary state to the lower, and thus spends a considerable 
period in non-stationary states ; the further the momentary condition of 
the atom is from the final stationary state the stronger is the radiation ; 
if the excess of energy of the momentary state over that of the final 
state is taken as a measure of the distance between the two states, it 
can easily be explained why the fading of the vibration obeys an expo¬ 
nential law. The essential difference between the non-stationary electron 
orbits and the stationary is that, in the former, the atom gives off energy 
by radiation ; thus the non-stationary electron movements are not 
periodic, and it must be assumed that they do not obey the simple laws 
of classical mechanics. The sudden alterations which can take place in 
an atom owing to active collisions with other atoms, or to absorption of 
a radiation in resonance with the atom, are considered ; they take place 
not only when the atom is in a stationary state, but when it is in the 
non-stationary states through which it passes during a spontaneous 
radiation of light. The final result of every sudden alteration is a 
stationary state of the atom ; sudden alterations (’* Sprungc,” springs) of 
the first and of the second kind, must be distinguished, in the first of 
which the atom reaches the upper and in the second the lower stationary 
state. The time during which the radiations are sent out, " Abklingungs- 
zeit,” is the most important factor in the experiments of R. W. Wood 
and of G. Cario. in which the light sent out by an excited metal vapour 
is destroyed by adding a neutral gas. Planck’s formula follows from the 
various assumptions made by the author, using Einstein's method of 
proof, Einstein’s magnitude, A^. depending only on the time during 
which the atoms remain excited. ** Vcrweilzeit." According to the ordi¬ 
nary form of the quantum theory A^ is equal to the reciprocal of the 
above time ; on the assumptions made by the author, in the case that 
the two boundary conditions have equal statistical weight. Ajj, has half 
this value. H. N. A. 

1153. The Wladimir Michelson Principle. A. Perot. (Comptes 

Rendus, 178. pp. 380-383. Jan. 21. 1924.)—Wladimir Michelson (Journ. 
de Physique, 10. 3rd ser. 150) enounced the principle that when, between 
a source of light and an observer relatively fixed with regard to one another, 
light traverses a medium whose refractive index varies with the time the 
wave-lengths are altered, just as when relative displacements of the source 
and the observer modify the wave-length. The author adduces experi¬ 
mental evidence in support of this principle. A. D. 
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1154. On the Propagation of Light in Media with Periodic Structure. 
H. Chipart. (Comptes Rend us. 178. pp. 319-321. Jan. 14. 1924.)— 
In his theory of double refraction and of natural rotatory polarisation. 
Sarrau deduced from considerations based on the periodic structure of 
the medium, the vectorial equality. E=/,(D. DD/Zx, dD/dy. DD/i>;). Potier's 

integration method giving more complete results, is now employed by 
the author to establish the vectorial equality. P =/ 2 (E. dF./fcr. Mi/Dv. dK/Jtej. 
P being derived from a potential. The paper is wholly mathematical. 

II. II. Ilo. 

1155. The Radiation of Light. H. A. Lorentz. (Roy. Inst. Proc. 
Advance proof. Nature. 113. pp. 608-011. April 2G. 1924.)—The author 
points out the difficulties in the attempt to reconcile the modern views as 
to light quanta with the undulatory theory. The phenomena of photo¬ 
electricity seem to require that the energy of a quantum not only has a 
definite amount but also remains confined to a very small space so that 
an electron can catch at once a whole quantum. But there has to be 
faced a difficulty which hangs as a heavy cloud over this part of physics. 
The existence of narrowly limited disturbances of equilibrium is absolutely 
irreconcilable with the principles of the undulatory theory as embodied in 
Maxwell's equations of the electromagnetic field ; and moreover the 
hypothesis of concentrated quanta is directly in contradiction with 
observed facts in the phenomena of interference. An observed inter¬ 
ference phenomenon must be produced by one quantum, and interference 
fringes have been observed produced by rays whose path differed by more 
than a million wave-lengths, hence the length of a quantum in the direc¬ 
tion of propagation must have been more than about 50cin. That the 
lateral dimensions must be no less considerable is shown by the influence 
which the aperture of an optical instrument has on the quality of the 
images, and consequently on the resolving power. Michelson's experi¬ 
ments in which he measured the diameter of some stars indicate that a 
quantum must extend over a distance of 6 metres. The reconciliation of 
these well-established facts is an important problem for the physics 
of the future. It may consist in a certain return to a modified form of 
Newton’s theory. The solution may be found in some happy combination 
of extended waves and concentrated quanta, the waves being made respon¬ 
sible for interference and the quanta for photo-electricity. J. J. S. 

1156. A Tentative Theory of Light Quanta. L. de Broglie. (Phil. 
Mag. 47. pp. 446-458. Feb., 1924.)—In the present paper it is assumed 
that the light is essentially made up of light quanta, all having the same 
extraordinarily small mass. It is shown mathematically that the Lorentz- 
Einstein transformation joined with the quantum relation leads neces¬ 
sarily to the association of motion of body and wave propagation, and that 
this idea gives a physical interpretation of Bohr's analytical stability 
conditions. Diffraction seems to \>e consistent with an extension of the 
Newtonian dynamics. It is then possible to save both the corpuscular 
and the undulatory characters of light, and, by means of hypotheses 
suggested by the electromagnetic theory and the correspondence principle, 
to give a plausible explanation of coherence and interference fringes. 
Finally, it is shown why quanta must take a part in the dynamical theory 
of gases and how Planck’s law is the limiting form of Maxwell’s law for a 
light quanta gas. The author opines that little doubt should remain of 
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the real existence of light quanta. Moreover, if these opinions are received, 
since they are grounded on the relativity of time, all the enormous experi¬ 
mental evidence of the quantum will turn in favour of Einstein’s concep¬ 
tions. An appended note contains a more general form of the result that 
the rays of the phase-wave are identical with the paths which are dynamic¬ 
ally possible, and the identity of the two principles of Fermat and Mauper- 
tius is shown to follow whereby it becomes possible to deduce rigorously 
the velocity of the phase-wave in any electromagnetic field. H. H. Ho. 

1157. On the Sensitivity of the Silver Halide Grains of a Photographic 

Emulsion. W. Clark. (Phot. J. 64. pp. 91-96; Disc.. 96-97, Feb.. 
1924.)—Reference is made in the introductory remarks to the results of 
previous work on this subject which indicated that treatment of a photo¬ 
graphic plate with a desensitising agent, such as chromic acid, brought 
about an increase in the gamma of the plate; this increase was believed 
to be due to an increase in the proportion of grains of equal sensitivity, 
owing to the destruction of the specially sensitive points in the grains. 
The present paper deals with the effect of dcsensitisers on single-layer 
emulsions of one-grain class, and with the action of chromic acid on one- 
grain-layer plates. Details of the method of working are given and 
tabular and graphical results presented. The logarithm-exposure-density 
curves indicate a general and marked reduction in grain sensitivity as a 
result of treatment with chromic acid, the curve of the desensitised emul¬ 
sion being shifted bodily along the exposure axis. Chromic acid brings 
about a decrease in the total range of sensitiveness of the grains of an 
emulsion, but not in the " tangent " range, the former being most marked 
in the regions of higher exposure. The effect of exposure of a preliminary 
nature, on the desensitisation by chromic acid was also investigated by 
the author, and it is shown that treatment of a fast plate with chromic 
acid solution after a preliminary exposure, reduces the speed to a minimum 
of 5 H and D ; by exposure to light preliminary to treatment with 
chromic acid the time of desensitisation is reduced enormously. The 
single-layer action results mentioned indicate that the gamma is unaltered 
if sufficient treatment with the dcsensitiser is given, but the total range 
of the curve is decreased owing to decrease in the range of the fully exposed 
portion. The general increase in gamma brought about by treating a 
finished plate with chromic acid is due to the range decrease in the sensi¬ 
tivities of each grain-size class. In an emulsion, for a given treatment, 
the smaller grains are relatively more desensitised by chromic acid than 
the larger ones. Preliminary exposure increases the rate of decrease of 
sensitivity the effect being more marked with the fastest and absent in 
the slowest or process plates. Preliminary exposure to sodium arsenite 
solution has the same effect as light in increasing the rate of desensitisation. 
[See also Abstracts 853 (1921) and 1013 (1024).] A. W. J. 

1158. Speed of Photochemical Reactions under the Action of Light of 
Periodic Intensity. P. Lasareff. (Comptes Rendus, 177. pp. 1436- 
1438, Dec. 26, 1923.)—According to the law known in optical physiology 
as Talbot’s law the speed of photochemical reactions produced by con¬ 
tinuous sources of light, and by light of periodic intensity, is the same 
if the energy absorbed during a period of variation of the light is equal 
in the two cases. In the present paper a generalised mathematical treat¬ 
ment is developed in which the main assumption is that photosensitive 
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reactions may be regarded as composed of a pure photochemical reaction 
and a thermic reaction. The results show that Talbot's law can be 
regarded as an exact law. and experiments carried out in connection 
with coloured vision arc stated to afford complete confirmation of the 
law. Errata [ibid. 178. p. 432. Jan. 21. 1924). A B C I 


. 1159. Phosphors and Stokes’s Rule. B. Gudden. (Phys. Zeits. 24. 
pp. 465-467, Nov. 1-15, 1923. Paper read before the Physikcrtag. Bonn, 
Sept., 1923.): Many examples among phosphors adverse to Stokes' rule. 
The photoluminescencc in these must occur at the cost of molecular 
energy,. a n 


1160. 7 he Fluorescence of Certain Organic Compounds. E. Bayle and 

R. Fabre. (Comptes Rendus. 178. pp. 632-636. Feb. 11. 1924.)—The 
tints of fluorescent compounds can be used to separate them in mixtures 
in which it is difficult to do this by ordinary analytical processes ; thus 
novocaine. which gives a very intense fluorescence in ultra-violet radia¬ 
tions, can easily be separated from cocaine or stovaine, which are not 
fluorescent, the individual crystals being picked out from a mixture by 
means of forceps. A number of other organic compounds have been 
investigated, including salicylic acid and its derivatives, using the 3660 
merctiry ray ; the results are given in a table, with columns for the colour 
of the fluorescence, the dominant wave-length of its spectrum, and the 
intensity. The authors attempted to determine the curve of energy 
distribution with the spectrophotometer, but in no case found the inten¬ 
sity of the fluorescence sufficient for this ; they found the dominant wave¬ 
length by placing the substance, compressed into a pastille, at the focus of 
the adjusting telescope of the spectrophotometer, and exciting it with the 
Hg light; the field of view of the telescope was then compared with that 
produced in the comparison telescope by the different regions of the 
spectrum due to a small incandescent lamp, and a match of colour was 
obtained ; this can be done to within 10 A. to 60 A., according to the 
complexity of the tint. To estimate the intensity the pastilles are placed 
side by side and compared, the intensity of salicylate of soda being taken 
as 20. Liquid compounds were examined in quartz tubes. It is proposed 
to continue the experiments, using other wave-lengths for the exciting 
H * ht - • t< h. n. a. 

1161. Time Lag between Excitation and Emission for Certain Fluorescent 

Solids. y P. F. Gottiing. (Phys. Rev. 22. pp. 566-573, Dec., 1923.)—The 
work begun in 1921 by R. W. Wood on the measurement of fluorescent 
intervals and phosphorescent times has been continued. The method of 
Abraham and Lemoine, somewhat modified, was used for determining the 
very short periods of time involved. The fluorescent light is polarised 
and then passed through a condenser, containing nitrobenzene as dielectric, 
which had begun to be discharged when the illuminating spark started. 
The later the light arrives the lower the average field of the condenser and 
the smaller the angular setting of the analysing nicol to match the two 
images produced by a double-image prism. The apparatus was calibrated 
by means of light reflected from a mirror at different distances from the 
spark. The interval of lime between the occurrence of a spark and the 
emission of the fluorescent light excited by that spark, was found to be 
(2'12±'01) x 10”7 sec. for barium platino-cyanide and (211 ± 14) x 10~ 8 
sec. for rhodamine. • • • - Author. 
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1162. Some Aspects of Modern Spectroscopy. F. A. Saunders. 
(Science. 59. pp. 47-53. Jan. 18. 1924. Address to the Am. Assoc, for 
Advancement of Science. Ohio.)—A general consideration of series spectra 
in the light of atomic structure theories due to Bohr and Lewis. The 
fundamental difference between the two theories suggests that an elec¬ 
tron’s position is given by the orbit as a whole rather than the instantaneous 
position of the electron itself. Magnetic phenomena have not received 
sufficient attention and may account for the fundamental tendency of 
electrons to form pairs. An account is given of th cpp' groups of Be, Mg, 
Ca, etc., it being shown that these groups belong to a spectrum series of 
their own. but that the terms of some of them are negative, the extra 
energy lying in other electrons. 

Curves showing the ionisation potentials and atomic numbers of the 
elements are given, the extraordinary stability of the inert gases being 
clearly brought out. Arrangement of the potentials according to the 
columns in the periodic table shows parallelism between them, and there 
is on the whole a rise of ionisation potential with the number of external 
electrons between one alkali metal and the next inert gas. again evidence 
of the tendency in electrons to pair. The value for C (7 to 8 volts) is 
confirmed and indicates no very great strength in its tetrahedral structure. 

A general account is given of Fowler and Paschcn's work on silicon 
and aluminium, concluding an interesting semi-popular survey of modern 
spectroscopy. M. V. M. 

1163. Co-Ordination of the Complex Structure Terms, in Strong and 

Weak External Fields. W. Pauli, Jr. (Zcits. f. Physik. 20. 6. pp. 371- 
387, 1924.)—In an earlier investigation [sec Abstract 2425 (1923)] it was 
shown that the Zeeman terms in strong magnetic fields could be classified 
by two quantum numbers n and m x , whose sum is equal to the Land6 
quantum number m. On the other hand in weak fields, the terms of a 
definite multiple are distinguished by the quantum numbers j and t«. 
Corresponding terms in strong and weak fields thus have the same value 
of m. In the above work, however, the coordination question remained 
open, and a recent discussion by I.and6 [Abstract 528 (1924)] has pro¬ 
voked the present paper which goes into the problem at length. The 
paper, which is entirely mathematical, describes a model for the purpose 
of coordination, which is superior to the existing method of involving a 
discussion of the integrals jpkd<f>, where /»* and <f> are the canonical 
coordinates. H. H. Ho. 

1164. Spectra of the Lighter Elements. (Nature. 113. pp. 217-224, 
Feb. 9, 1924. Supplement. Discussion in Sect. A of the Brit. Assoc., 
Liverpool, 1923.)—J. C. McLennan.—Optical spectra originate in dis¬ 
placements of the outermost electron in an atom or atom-ion of an element. 
To determine the structure of the lighter atoms it is important to deter¬ 
mine spectra between the highest limit attainable by the use of crystals 
and the lowest limit by ruled diffraction gratings. Various workers have 
used the latter method and Millikan has photographed a line of aluminium, 
at 133 A. Between this limit and 13 A., the longest X-ray wave-length 
measured by crystals, the quantum relation We = hv must be used, and 
Holweck has determined the mass coefficients of absorption for thin 
celluloid and gases for all wave-lengths from 1140 A. to 10 A. A photo¬ 
electric method has also been used by several workers which consists in 
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measuring the electric field applied to an electron stream which will cause 
the element bombarded by these electrons to emit their characteristic 
radiations. Tables are given of the results obtained. 

R. A. Millikan.— In the author’s opinion it is proved that the L a 
series continues with its main characteristics unchanged throughout the 
range of atomic numbers from uranium (92) to neon ( 10 ). and that gaps 
occur in optical spectra as in X-ray spectra. Thus for aluminium there 
are no lines between 144-3 A. and about 1200 A. Lines in the L spectrum 
of sodium and magnesium predicted by the Bohr theory have been found, 
as well as lines of aluminium and silicon corresponding to atoms which 
have lost all their outer electrons predicted by Paschen and Fowler respec¬ 
tively. The author believes that the lines he identified as L a lines of 
boron, oxygen, nitrogen, and fluorine are due to atoms which have lost all 
valency electrons. 

A. Fowler.— The arc spectra of the elements show a remarkable 
alternation of doublet and triplet series from group to group of the periodic 
table. The spark spectrum of an element is of the same type as that of 
the arc spectrum of the preceding clement. The atoms giving the spark 
lines have therefore the same distribution of electrons as the neutral atoms 
of the element of atomic number one smaller. The series constant for 
such singly ionised atoms is 4 R (i.e. four times the hydrogen constant). 
Theoretical reasons are given for expecting the alternation of spectra 
mentioned and also the establishment of scries with constants OR and 10 R 
for multiply-ionised atoms. Such series have been found and the corre¬ 
spondence in the abnormality of the diffuse triplets of Si(III) and Al(II) 
noted. With increase in ionisation corresponding lines arc displaced 
to shorter wave-lengths and their separation increased. There is no 
reason to suppose that process of ionisation should stop when all the outer 
ring of electrons is removed. Some inconsistencies in the choice of L 
lines for the light elements made by Millikan are noted. A far more 
extended knowledge of the series arrangements in the spectra of elements 
is required. 

N. Bohr.— The quantum theory of atomic structure rests upon the 
assumption of a manifold of so-called stationary states. The laws of 
classical mechanics are unable to account for the existence and stability 
o these states but a theory has been developed which gives the properties 
of an atom with one electron. A principal source of information in regard 
to atomic structure is found in series spectra. Results for excited molecules 
emitting band spectra may be expected to be similar to those for excited 
atoms emitting series spectra. Fowler’s work on the band spectrum of 
helium has confirmed this. D. Coster gave a detailed account of his work 
with Bohr. He had deduced that the element hafnium, atomic number 
72 belonged to a new group of elements and not to the rare earths. He 
used a photometric method of determining the percentage of hafnium 
present in ores and checked it by adding known amounts of tantalum. 
H. Robinson referred to his work by the photoelectric method in which 
the element in question is illuminated by homogeneous X-rays and the 
velocity of emitted electrons measured bv magnetic deflection. An 
accuracy of one in a thousand may be obtained in relative measurements. 

F. S. 

1165. The Height in the Chromosphere of Resonance Lines. F. Croze. 
(Comptes Rendus, 178. pp. 200-202. Jan. 7, 1924.)—In a previous note 
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[Abstract 341 (1924)1 the author has suggested that when the spectrum of 
an element contains several systems of scries, the “ raies ultimes ” are the 
resonance lines which belong to the same scries; i.c. lines formed by 
jumps from an outer orbit to the normal inner orbit are only “ raies 
ultimes ” if both the orbits belong to the same series system. He now 
seeks to obtain corroborative evidence from Mitchell’s observations on the 
heights in the chromosphere at which different lines of different elements 
are observed [sec Abstract 616 (1914)[, in the light of Saha’s theory. 
As the height in the chromosphere increases, the density of any element 
will decrease, so that at the greatest height at which an element occurs, 
the lines to be expected would be the " raies ultimes.” This is observed 
for chromium, magnesium, and manganese; e.g. in Mg the line 1S-2 p t 
(A4571) corresponds to a jump from the succeeding outer orbit to the 
normal inner orbit, and vet this line occurs at heights not greater than 
400 km., while the triplet 2/>f-3 d occurs at 7000 and 6000 km. A. C. M. 

1166. Intensity Distribution, Term Sequence, and Exciting Function 

in the Spectra of the Alkali Metals. H. Bartels. (Zeits. f. Physik, 20. 6. 
pp. 398-412, 1924.)—The work of Franck, Hertz, etc., has shown that 
to every energy surface in the atom there corresponds a definite activating 
potential. Only electrons whose volt velocities equal or exceed this 
potential are in a condition to excite the corresponding energy surface 
by impact. During impacts, however, a large part of the energy is 
purely clastic, so that only a fraction serves for the activation of the 
atom, and Secligcr has derived an expression relating the degree of the 
latter with the volt velocity [sec Abstract 1603 (1919)], In the present 
paper it is shown that by two simple assumptions a close relationship 
exists between the exciting function of the separato energy levels and the 
term system of the atom concerned. The consequences involved for the 
intensity distribution in the spectrum are now established for the spectra 
of the alkali metals, since here the relationships arc especially favourable 
on account of the simple term schemes, the known intensity distributions, 
and the comparisons afforded by 5 similarly constructed spoetja. The 
above assumptions are : (1) Impacts between atoms and electrons of 
given volt velocity proceed either elastically or by the activation of the 
energy surface at which the electron loses the most energy. (2) Activation 
by electronic impact is the equivalent of emission with respect to thp 
azimuthal quantum numbers. The paper consists of a continuous physical 
argument and must be consulted in its entirety. . H. H. Ho. 

1167. The Absorption Spectra of Mixed Metallic Vapours. S, Barratt. 
(Roy. Soc. Proc., 106. pp. 221-225, Feb. 1, 1924.)—A new band spectrum 
is described which is developed only in the vapour of mixtures of sodium 
and potassium and which, it is suggested, is produced by the sodium- 
potassium molecules present in the mixed vapour. The metallic vapour 
was maintained in a steel tube heated electrically, the continuous back¬ 
ground being provided by the positive crater of a carbon arc. On heating 
a mixture of roughly equal proportions of the two metals in the furnace, 
a new band absorption was observed in the yellow, reaching from the 
red side of the widened D lines to about Ao650. This comprises a series 
of bands degraded towards the red and spaced at intervals of about 20 A., 
each band consisting of fine lines, separated in the middle of the band by 
intervals of a few Angstrom units but much more closely packed near 

vol. xxvii.— a. —1924. 


LIGHT. 


405 


the head. The heads arc arranged according to the usual Dcslandrcs 
law. Principal series absorption has no connection with the production 
of this spectrum. 

Mixtures containing magnesium have also been used and A457I has 
been continually observed in accordance with quantum considerations 
and in opposition to McLennan, who failed to observe this line under 
similar conditions. \\r y w 

1168. Fluorescence Spectra. Part. U. Phenol and Phenolic Ether 
Vapours. J. K. Marsh. (Chem. Soc., J. 125. pp. 418-423. Feb.. 1024.) 
—The fluorescence spectra of the vapours of phenol and the phenolic 
ethers have been investigated, using the same apparatus as in Part 1. 
[see Abstract 846 (1924)]. The results are given diagrammatical!)', 
though intensities are not to be relied upon for comparison. There 
is a marked similarity in the spectra of all the phenols and phenolic 
ethers. They commence near to 280 fifi. attain a maximum near to 
290 \i\L, and then gradually dwindle away to the neighbourhood of 370 p/i. 
In some cases, there is in addition a second fluorescent region in the blue, 
probably connected in some way with the first region. In phenyl mer¬ 
captan. this second region alone appears. The properties connected 
with this second region are (a) weight of side-chain, (b) residual affinity 
In the side-chain, and (c) ortho-substitution. 

Distinct banding is found only in phenol and anisole, and a comparison 
tabJe is given, which brings out a clear parallel between them, while no 
definite agreement is found with the benzene bands in the same region 

In the crcsols there is evidence that the fluorescence increases in the 
order: ortho, meta. para. Para-substitution is least destructive to the 
benzene band system. In general, the fluorescence region is of shorter 
wave-length than the absorption region ; but the three least refrangible 
bands in the fluorescence spectrum of phenol are to be identified with the 
three most refrangible bands in its absorption spectrum. It is pointed 

cit P d n h C v° nC U , S, T ‘ fl , uorcscent va Po»t spectra should be least compli¬ 
cated by mutual molecular disturbance since the substance is vaporised. 

A. C. M. 

1169. Absorption Spectra of the Halogen Hahdes. H. Bell. (Phil 

tl,e g infr a reH' “ 1924.)-^ absorption-band spectra in 

daerm ne ! halogen hydrides HF. HC1, HBr have recently been 

exvoriZn J Y SeVCra ‘ * nves tlgators. In this paper the 

deve^H h n ! anal >' scd with ‘he aid of the energy-formula 
developed by Born and Hiickel. It is shown that the values of the co- 

“™ ntS “ the formula. 1/A = Q, + C,m + C 2 m n - + C 3 m\ which 
embodies the cxpenmental results for the main band and its overtones 
are. within the limits of experimental error, consistent with theory. The 
accuracy is not sufficient, however, to decide whether the "zero-point 
energy exists or not. The significance of the constants in the formula 
is discussed. Their determination makes it possible to evaluate the 
variation with distance of the force acting on the hydrogen nucleus as it 
vibrates along the line joining the two nuclei. The range of vibration 
tor one. two, and three energy quanta is calculated. A note from D. R. 
Hartree on the dimensions of the Q-ion-concludes the paper. H. H. Ho. 

1170. Radiation Potentials of Atomic Hydrogen. P. S. Olmstead 
and K. T. Compton. (Phys. Rev. 22. pp. 559-565, Dec.. 1923.)—Atomic 
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hydrogen was produced by thermal dissociation of molecular hydrogen 
with a tungsten furnace which could be maintained at 2800° K. during 
observations. Electrons were emitted from an equipotential oxide- 
coated platinum rod thrust into the furnace. Radiation was excited by 
electrons falling through an accelerating difference of potential between 
the rod and the equipotential tungsten cylinder forming the wall of the 
furnace, and was detected by its photoelectric action on a platinum disc 
placed beyond the open end of the furnace. This disc was shielded from 
ions produced in the furnace by an intervening set of charged plates. 
Radiating potentials were observed at 10-15, 12-05, 12-70, 13-00, 13-17, 
13-27 volts, with additional radiation at the ionising potential 13-54 
volts. Within the probable error of the observations, less than 0-05 volt, 
the agreement with the Lyman spectral scries and with the Bohr theory 
exact. Authors. 

1171. Behaviour of the Line Spectrum of Hydrogen at Low Tempera¬ 

tures. L. Citron. (Ann. d. Physik. 73. 5-6. pp. 470-476, Feb., 1924.)— 
1 he many-line spectrum of hydrogen is interesting on account of possible 
inferences as to the structure of the molecule, and the author examined 
it as produced partly in the capillary, partly in the positive column of 
the Gcissler tube when this was surrounded by liquid air, and compared 
its appearance with that at ordinary temperatures and noted the changes 
of intensity produced. The results arc arranged in four groups according 
to the amount of the change produced by low temperature. But these 
changes differ much amongst themselves and it is not possible to arrange 
the results in a series whose individual vibration numbers show a 
systematic connection. Also a comparison with the other investigated 
characteristics of the line spectrum—Zeeman effect. Stark effect, and 
intensity changes with high potential and with mixture of helium- 
had no success. j. J. S. 

1172. Ultra-Violet Absorption Spectrum of Ammonia Gas. Ferridres. 

(Comptcs Rcndus, 178. pp. 202-205. Jan. 7. 1924.)—The absorption of 
ammonia in the ultra-violet was measured by a photographic method. 
The absorption spectrum is made up of a series of triplets following a 
regular law. Except the first, all have for mean frequencies numbers 
of which the successive differences are not far from 900. The absorption 
commences about 2265 A. and increases very rapidly as the wave-length 
diminishes. About 2100 A. a thickness of 1cm. of ammonia gas at 
atmospheric pressure is sufficient to reduce to less than a ^ 0 the intensity 
of the incident radiation. j. j. S. 

1173. Continuous Spectrum of Hydrogen. H. B. Lemon. (Nature, 
113. pp. 127-128, Jan. 26, 1924.)—The continuous spectrum of hydrogen 
is observed in discharge tubes having a hot kathode operating at 100 volts, 
with unusual intensity up to the yellow-green. The discharge appears 
a bright blue, but this is apparently synthetic, since the spectrum is not 
particularly strong in this region. The kathode was a braided platinum 
filament coated with oxides of strontium and barium, and capable of 
delivering up to an ampere. The anode was about 10 cm. distant. 
The Balmer series alone comes out when the filament current is low; 
higher filament current brings out the secondary spectrum, and still 
higher filament current excites the continuous spectrum ; the observa¬ 
tion is made in the region immediately in front of the kathode. 
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Photographs of the glow and of the spectrum of the glow are given 
when each of the three conditions obtains. A. C. M. 


1174. Extension of Extreme Ultra-Violet Spectra of Lead, Bismuth, 
Antimony, and Thallium. L. and E. Bloch. (Comptes Rend us. 178. 
PP- 472-474, Jan. 28, 1924.)—Previous measurements have been repeated 
using the spark in an atmosphere of nitrogen and the recent improvements 
which allow of extension to 1300 A. Tables are given of 23 new lines 
for lead, 11 for bismuth. 20 for antimony, and 14 for thallium. A certain 
number of lines appear to be spontaneously reversible, most of which 
seem to coincide with arc lines found by McLennan. It is suggested 
that for the time being such reversibility be used as a test for arc lines 
in this region. i? c 


1175. Spark Line in the Lithium Spectrum. F. L. Mohler. 
(Science. 58. pp. 468-469. Dec. 7. 1923.)—An attempt was made to excite 
the spark lines of lithium by using the discharge from a hot kathode in 
lithium vapour at low pressures, as these conditions have been found 
good for the excitation of spark lines in other elements. 

The spectra were photographed with a large Hilgcr quartz spectro¬ 
graph. A line was found at about *2934-15 ± 01. It was found in 
one very long exposure with an excitation potential of about 45 volts, 
hrom other considerations the excitation potential should be about 
50 volts with an error greater than 5 volts. The spark spectrum of 
lithium should, of course, resemble the arc spectrum of helium. It is 
suggested that *2934 may correspond to the helium doublet 2s — 2/>, «». 
An unusual development of the subordinate series was observed in these 
Photographs. A r M 


. Mass 0 J a th * Particles which Emit Various Band Spectra A ttri - 

t n T ? en • H * M Duffieux - (Comptes Rendus. 178. pp. 474- 

Structures^' 1 ^. tro ^ n emi * several band spectra of very different 

hnnrU m (1) A p< ? ,tlve first 8 rou P containing numerous very complex 

th^k^thode al S ^"° n ^\^ > K Slt i VC gr ° Up: (3) a nc « ative emitted by 

recent work !i ’V L b !, S SUpposed to ^ duc to cyanogen but which 
recent work show to be due to nitrogen. 

seclnd na. U f y ^ ^ ““If ° f the HmitS °‘ ‘" terfcrcn « shows that the 
lenHeH 7 ,1' gr ° UP “ d “ e *° the a,om of aitto e en - The same method 
bv heV, ° r f° UpS Sh ° WS that: O Thc negative group is emitted 
moW I w” ndrogen, (2) the cyanogen bands cannot be emitted by a 
bu , a ; e ,. due to atoms oi nitrogen. (3) while the first positive 
group is emitted by molecules. W. v. m. 

'^ lteYati ? ns in the Niir °ge** Band Spectrum. W. Steubing 

and M. Toussaint. (Zeits. f. Physik. 21. 2. pp. 128-137, 1924.)—A 
continuation of recent work [see Abstract 506 (1924)) using the same 
apparatus. It is shown when large quantities of ionised argon are mixed 
wi i nitrogen that marked variations are produced in individual band 
groups of the nitrogen spectrum. A similar effect, but quantitatively 
and qualitatively smaller, is produced by strongly ionised neon. Other 
elements, whether of higher or lower atomic weight, and either electro- 
positive or electronegative, produce no such result. The variations have 
nothing to do with the temperature of the radiating gas. such tempera¬ 
ture effect being of a different kind and independent of the other. The 
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alterations are attributed to a change of configuration of electrons in the 
atoms of the inert gases by the intense ionisation applied. F. S. 

1178. Origin of Certain Lines Attributed to Oxygen. W. Jevons. 

(Phil. Mag. 47. pp. 586-590. March. 1924.)—Certain lines in the ultra¬ 
violet have been attributed by Schnicderjost to the neutral atom of 
oxygen, but their relation to established series has not been traced. In 
an investigation of the ultra-violet line spectrum of chlorine (see Abstract 
1855 (1923)] a number of well-defined bands were observed in the con¬ 
densed discharge through a chlorine tube known to contain carbon, 
hydrogen, and oxygen as impurities. A close agreement of wave-length 
was found between the heads of these bands and some of Schnicdcrjost’s 
O.I lines. Only one line was dctcctedi n an attempt to photograph the 
oxygen spectrum in this region. Tables of wave-lengths are given from 
wliich it is seen that of Schnicdcrjost’s twenty-five O.I observations, 
twenty-one arc good measures of Dcslandrcs' carbon band-heads, one 
is a genuine oxygen line, while the other three arc probably lines, but 
this is not yet proved. F. S. 

1179. A Method for the Preparation of the Double Fluorides of the Metals 
of the Platinum Group and the Absorption Spectra of the Halogeno Platinates, 
H. I. Schleslnger and M. W. Tapley. (Am. Chcm. Soc., J. 46. pp. 276- 
287, Feb., 1924.)—Potassium fluoroplatinatc and potassium and lead 
fluoro-iridates have been obtained ; absorption spectra of all of the halo- 
geno platinates have been photographed. A study of the absorption 
spectra of potassium iodoplatinate in solutions of fluorides, chlorides, 
and bromides respectively, has demonstrated that the formation of the 
complex salts from one another is a reversible reaction, and that their 
relative stabilities can be determined by a spectroscopic method. W. V. M. 

1180. Theory of Multiples and their Zeeman Effect. A. Sommerfeld. 

(Ann. d. Physik, 73. 3-4. pp. 209-227, Jan., 1924.) —A continuation of 
theory previously developed (sec Abstract 1394 (1923)], but modified 
to take account of recent work. It is now shown that the inner quantum 
number (;) is of the form (u -f J) for even terms (doublets, quartets, 
etc.) and a whole number for odd terms (singlets, triplets, etc.). The 
same holds for the inner quantum number (j $ ) of the s-terms ; while 
the excitation quantum number (/«) is a whole number and equal to 
A—1. Land6's formula for the anomalous Zeeman effect entails as its 
simplest consequence the " magneto-optic anomaly " that the magnetic 
moment of the atom for maximum value of j is equal to 2 j t + j* • The 
" magneto-mechanic anomaly ” of Einstein and de Haas appears as a 
special case. The alternation law stated spectroscopically is that odd 
and even terms alternate in the periodic system, the maximum term- 
multiplicity being greater than the maximum valency by unity; while 
magnetically, taking the s-state of the atom as basis, it is that the number 
of magnetons measured in the units of Bohr’s theory alternates from odd 
to even in the periodic system. F. S. 

1181. Soft X-Rays from Carbon. P. I. Lukirsky. (Phil. Mag. 47. 
pp. 466-470, Feb., 1924.) —The filling of the gap between short ultra¬ 
violet and soft X-rays presents some interest in addition to the effect 
of obtaining a continuous scale of electromagnetic waves. The deter¬ 
mination of the characteristic wave-lengths of the lightest elements is 
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of great importance in the question of atomic structure, for the laws of 
atomic dynamics must take a particularly simple form with respect to 
the light elements containing a relatively small number of electrons. In 
carbon, which is the object of this investigation, each atom contains but 
six electrons, of which two form the K-group and four the L-group. 
coinciding with the optical one. The extreme ultra-violet spectrum of 
carbon has recently been investigated by Millikan, who succeeded by 
means of his diffraction grating in extending it to 202 A. and later to 
136 A. On the other hand, soft X-rays have been measured by the 
crystal method up to wave-length of 12 A. In the present experiments, 
the electrostatic method is employed, the condenser adopted being a 
spherical one. When the inner sphere is illuminated by the rays of fre¬ 
quency v, it emits Secondary electrons in different directions but with 
the same initial velocities v. In the radial electric field the electrons 
will move along any curve of second order and will reach the outer sphere 
as they move away from perihelion. When the retarding potential eV 
reaches the value nearly equal to their initial energy, only then will the 
electrons all at once be stopped and driven back to the inside sphere, 
therefore, electrons of the same group, that is of the same initial velocity 
will be stopped at the same time that the p.d. exceeds the critical value V* 
determined by the relation Vc = my*/2. This will correspond to a very 
marked drop of the secondary current on the curve current-potential. 

A diagram of the apparatus used is given. A bit of diamond is bombarded 
by a pencil of kathode rays from a Coolidge kathode. The primarv 

p ’ d * Tr ned fr01 ? 250 to 750 vo,ts and thc P rimar y current from 30 to 
80 ™' ll,am P s - X-rays from the diamond passed through a lead diaphragm, 
and further through a hole in the external sphere, falling on a thin zinc 
sphere connected with a string electrometer. Thc results obtained with 
a primary p.d. of 750 volts are represented diagrammatically. thc 
stopping potential being taken as abscissa and the ratio secondary 
current/primary current as ordinate. This curve shows three distinct 

V nil M Sm u ° nC i°' V = 20 - 2fl volts : (2) another, also small, (or 
" H !r' 23 volts * and (3) a relatively strong drop for V = 248-252 
volts. These numerical values may be interpreted as follows : Electrons 
with velocities corresponding to 243-252 volts are due to the K-!inc of 
carbon ejecting both outer and free electrons from zinc. Thc energy of 
one quantum of these rays is equivalent to 252 volts + the contact 
r“ A ° f (1 ‘ 2 vo,ts) - which corresponds to a wave-length 
Of 9 *a Th , l l re8 !. ,S ccrtainl y correct with respect to the order 
of magnitude; if Kurth s numbers are taken for the limits of the K- and 

tTZl °l Carb S n (28 r ° and 32 9 volts >’ then for the energy of the K-line 
for K* ooo — 289 32 ' 9 = 256 vol ts. Richardson gives 

!° r ft " 286 v ° ,ts which makes K = 253 volts. The drop corresponding 
w volts is due either to the ejection of electrons from the 

8 !? Up ° f , z,nc b / the K ' line of carbon, or of the free and outer electrons 
oy me M-Jine of the same metal, which must be present as a line of 
fluorescence Both explanations are correct with respect to the order 
of magnitude. The small drop corresponding to 20-26 volts must be 
nue to the ejection of electrons by extreme ultra-violet rays of carbon— 
the line 360 A. found by Millikan corresponds to 27-28 volts. Although 
this method gives an accuracy to 1 per cent. only, it seems yet the only 
one which is used at present for the determination of wave-lengths in the 
interval considered. Further work is in progress, A. E. G. 
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1182. X-Ray and Radium Protection Committee Revised Report No. 1. 
(Brit. J. of Radiology. 20. pp. 27-34. Jan.. 1024.). 

1183. Diffusion of X-Rays. M. and L. de Broglie. (Comptes 

Rendus. 178. pp. 383-384. Jan. 21. 1924.)—Suggests that the magnetic 
deviation of secondary /?-rays would attord a good method for verifying 
Compton and Debye's formula, for which Wilson’s droplet method is 
not suitable. a. D. 

1184. Wave-Lengths of X-Rays under Diffusion, and Bragg's Law. 

E. Friedel and F. Wolfers. (Comptes Rendus. 178. pp. 199-200, 
Jan. 7. 1924.)—Reaches conclusions adverse to Compton’s results being 
explained by a change in the wave-length on diffusion. [Sec Abstract 545 
(1924).] * A. D. 

1185. Excitation, Reflection, and Utilisation in Crystal-Structure Analysis 
of Characteristic Secondary X-Rays. G. L. Clark. (Am. Chem. Soc., 
J. 46. pp. 372-384. Feb.. 1924.)—It is experimentally demonstrated that 
X-rays, characteristic of elements in a crystal, are excited in the crystal 
by a primary beam from a tube, and reflected by it both in accordance 
with the Bragg law and in an anomalous fashion. Details arc given of 
a new ionisation spectrometer method of crystal analysis. A curve is 
plotted showing the characteristic K-series iodine spectrum through 
5 orders reflected by the 100 planes of potassium iodide. Although the 
wave-lengths arc identical with those of characteristic lines in spectra 
of target elements, the spectrum of the secondary rays differs very 
materially in relative intensity of lines, etc., from that of primary rays 
characteristic of the same element. The secondary iodine spectrum from 
a KI crystal enables a very accurate determination of the distance be¬ 
tween planes containing iodine atoms, namely 3-532 x 10” 8 cm. The 
interplanar distance in this crystal is 3-737 x 10” 8 cm. A crystal of 
uranyl nitrate hexahydrate is found to reflect secondary L-series uranium 
rays, enabling the analysis of the spatial distribution of the uranium 
atoms in the lattice. The unit parallelopiped contains 4 molecules, is 
face centred, and has the parameters in three directions at right angles 
of 13-01, 11-45, and 7-93 X 10” 8 cm. The excitation in and reflection 
by a crystal of X-rays characteristic of elements in it is not an ordinary 
resonance phenomenon, but is explained, together with all the 
peculiarities of the spectra, by the principle of the transfer to matter of 
radiation momenta in quanta. 

Announcement is made of the discovery and analysis of tertiary X-rays 
produced by the impact upon atoms of secondary electrons which are in 
turn removed by impact from the K and L rings of atoms in the radiator 
by the primary beam of X-rays. A tertiary ray has a frequency which 
is the difference between that of a primary ray and of the critical absorp¬ 
tion frequency characteristic of the element of the secondary radiator. 

A. B. W. 

1186. Scattering of X-Ray Quanta and the J Phenomena. A. H. 
Compton. (Nature, 113. pp. 160-161, Feb. 2, 1924.)—Reasons and an 
apology are given for not referring to Barkla's earlier work on X-ray 
transformation [see Abstract 1877 (1923)]. Following this comes a 
discussion of the softening of the secondary X-rays from light substances 
in which the fundamental difference between Barkla's and the author’s 
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explanations is pointed out. reference being made to recent spectroscopic 
measurements of the X-rays scattered by graphite [sec Abstract 282 
(1924)]. Barkla's j transformation is stated to be less complete than 
the quantum theory now upheld. Barkla’s attempts to disprove the 
existence of the recoil electrons resulting from Compton s theory of 
scattering are answered by the direct evidence for their existence afforded 
by Wilson’s and Bothd’s recent cloud-expansion photographs. In view 
of the small intensity and the longitudinal asymmetry of the scattered 
y-rays and of the observed change of wave-length of' scattered X-ravs. 
the author fails to see how Thomson’s classical theory of scattering is 
longer tenable, except as an approximation for great wave-lengths. On 
the other hand, the experiments of Barkla and others receive a satisfactory 
explanation. H . H . Ho. 

1187. Absorption of X-Rays by Iron, Cobalt, Nickel, and Copper . 
F. K. Richtmyer and F. W. Warburton. (Phys. Rev. 22. pp. 538-54A. 
Dec 1923.)—The absorption coefficients for wave-lengths below the 
K absorption limit h dve been measured by the use of a large spectrometer 
7 1 ! ^elected calcite crystal giving a beam of exceptional purity. The 
chief difficulty was to secure uniform films of the pure metals. It is found 
that the sequence of values of the atomic coefficients is that of the atomic 
numbers, not that of atomic weights, and that the variation with atomic 
numbers is ^ the fourth power, as previously suggested, the relation 
ft* « 22-4 x 10 -N*A* -fa., holding within experimental error for all 
the ten elements for which the results have been obtained, from N « 0(C) 
to N - 82(Pb), except possibly iron, for which the experimental value 
is 3 per cent, too low. The values for carbon, lead, and tungsten are 
preliminary and are taken from data not yet published 

CuZtrtn ° f pr0dUCi : ig a thin Unif ° rm 5heet °f cobalt ngg'Md by Kayko. 
Chemically pure oxide was compressed to a thin plaque, then reduced 
m a furnace by an atmosphere of hydrogen. Authors. 

1188. Asymmetry of Electron Emission from very Thin Metal Layers 
under the Influence of X-Rays. W. Seitz. (Ann. d. Physik. 73. 3-4. 
pp 182-189, Jan., 1924.)—Bragg and Madsen [see Abstract 1445 (1908)' 
and others concluded from experiments on the conductivity of the air 
behind and in front of metal plates subjected to X-rays that the electron 

Zc S Z W Th grCatCr m the <lirec,i0 " °' ,he X ‘ ra y s than in the opposite 

the internreT« O 'TZ'" " 0t> however - o£ a mature that made 

desri,Ked P r r he ,f“ ul,s ""ambiguous. Experiments are now 

carbon a d n ! ree n fr | 0n i ‘ he ° b J eetions °< the earlier ones. Thin plates of 
rrr, ( CeUUl °, ,d lght, y. pbtinised on one »*• s° as to be, in effect. 

stream S it , from °" e side °" l >’ are P>a«d in th « X-ray 

stream first with the metal and then with the non-metal side facing the 

„ I r ° m * he ionisation effects produced in the surrounding 
chamber the number of electrons emitted is shown to be greater in the 
direction of the X-rays than in the opposite direction. The question 
arises as to whether this is true of the individual metal atom, or whether 
the asymmetry of emission from the plate is due to an asymmetry in the 
velocities of the electrons emitted by the atom in different directions 
ra er ,an ,n the numbers, the differences in numbers emitted bv the 
plate in different directions being due to different absorptions of the 
electrons of different velocities. From the results of experiments on 
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layers of different thicknesses the author inclines to the latter view, though 
the figures for very thin layers make positive assertion difficult. G. A. S. 


1189. Diffraction of X-Rays in Liquids, Fluid Crystals, and Amorphous 
Solids. C. V. Raman and K. R. Ramanathan. (Indian Assoc, for 
Cultivation of Science, Proc. 8. 2. pp. 127-162, 1923.)—The authors con¬ 
sider the explanation of the diffraction haloes observed when a point of 
monochromatic X-radiation passes through a film of liquid and is 
received on a photographic plate. Explanations previously suggested by 
Ehrenfest, Bouillon, and others arc discussed and are shown to be 
inadequate. 

The explanation of the phenomenon is shown to depend on the con¬ 
sideration that the positions of the molecules in liquids are not at 
random, but possess a certain degree of regularity which can be esti¬ 
mated thermodynamically from the compressibility of the fluid. The 
Smoluchowski-Einstein theory of light-scattering in fluids cannot be 
applied owing to the fact that it practically treats the fluid as a con¬ 
tinuum, an assumption which is justifiable in the optical case but not in 
the X-ray problem where the wave-length is much smaller ; it is essential 
here to take into account the discrete structure of the medium. For 
very small angles of scattering, however, the Einstcin-Smoluchowski 
theory is applicable even in the X-ray problem and an explanation is 
readily forthcoming why liquids scatter very little at such angles. For 
larger angles of scattering the discrete structure of the medium is taken 
into account by analysing the distribution of matter in the fluid into a 
continuous " structural spectrum ” which has its peak of intensity at a 
wave-length equal to the mean distance A 0 between neighbouring mole¬ 
cules. The law of the structural spectrum is exponential and is given by 


A exp. 



_L N 

16 ' KT/J ‘ 



The X-ray scattering in different directions is obtained very simply by 
combining the law of the spectTum with Bragg's formula A = 2A X sin 
and this gives a diffraction-halo with its maximum intensity in the 
directions for which Aj = Aq. The curve of intensity of the scattering 
in different directions agrees well with the experimental results of Hewlett 
and the mean molecular distance A 0 with the value deduced from kinetic 
theory. 

A discussion of the case of liquid mixtures indicates that the X-ray 
diffraction-halo should be practically a superposition of the haloes due 
to the separate components, as Wyckoff has observed. X-ray diffraction 
haloes for anisotropic liquids and amorphous solids are also dealt with. 

A. B. W. 


1190. Identification of Lines of the N-Series. V. DolejSek. (Comptes 
Rendus, 178. pp. 384-386, Jan. 21. 1924.)—The identification of the 
N lines [see Abstract 1876 (1922)* is made uncertain not only by the lack 
of agreement and accuracy of values calculated from the different series 
of very short wave-length, but also by the fact that the majority of the 
lines can only be obtained from the two elements uranium and thorium. 
The latter fact becomes all the more important when it is observed that 
it becomes impossible therefore to use the Moseley diagram to determine 
the homologous lines. By comparison with certain lines in the bismuth 
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spectrum it is shown to be probable that particular lines of the Hr and 
Th series most probably belong to the N-scrics. A. B. W. 

1191. Constitution of X-Ray Spectra of the L-Series of the Elements. 
H. Hirata. (Roy. Soc., Proc. 105. pp. 40-60, Jan. 1. 1924.)—A mathe¬ 
matical paper based on the theories of Bohr and Sommerfeld. A short 
abstract is not possible. A. B. W. 


1192. Energy of the Characteristic K-Radiation from Certain Metals. 
E. C. Unnewehr. (Phys. Rev. 22. pp. 529-638, Dec., 1923.)— Energy 
of K-Radiation from Cr, Cu, Rh. and Ag. for Applied Voltages to 45 hv.— 
Using a special Coolidge tube with a thin mica window, and a rotatable 
anti-kathode on which were mounted four metals, the intensities of the 
characteristic K X-rays from Cr (atomic number 24). Cu(29), Rh(45), 
and Ag(47), corrected for general radiation, for incomplete absorption in 
ionisation chamber, for incomplete reflection by crystal, and for absorp¬ 
tion by mica window, were found to be approximately linear functions 
of the square of the applied voltage on the tube. The ratio of the in¬ 
tensities of the a *and /3 radiations was constant for each metal and 
decreased regularly with increasing atomic number from 7-36 for Cr to 
4'65 for Ag. The ratio of the a radiation to the general radiation also 
decreased, but more markedly, from 25 for Cr to 11-2 for Cu and 2-7 for 
Ag. Comparison with the theory of Bergen Davis shows good agreement 
for Ag and Rh, but not for Cr and Cu. This is probably due to the fact 
that the theory neglects the fluorescent re-emission of absorbed general 
radiations. 

Absorption coefficient of Rh for its K-radiation was found to be 222 per 
cm. for Ka and 178 per cm. for Kfi. 

Absorption coefficients of mica for K-radiation from Cr. Cu, Rh, and Ag 
were found to be 227, 89-2, 7-7. and 5-1 per cm. for the Ka radiation and 
171, 66, 5-6, and 3-6 per cm. for the Kf$ radiations of the respective metals. 

Author. 


1193. N-Serics of X-Ray Spectra. V. DolejSek. (Zeits. f. Physik, 
1 i PP’ 1924.)—Theoretical considerations bearing on recent 

work of B ° hr an ^ Foster (see Abstract 1398 (1923)) and of E. Hjalmar 
[Abstract 1873 (1923)]. A short abstract is not possible. A. B. W. 


RADIO-ACTIVITY. 

119*. The Genetic ^ Connection between Thorium and Uranium. 

( Akad> Y 133 - Wien - Ber. 131. 2a. No. 9. pp. 551-568, 
1 . •). ooo , exi3tence of a radio-active ancestor of thorium, with atomic 
weight 232-i + 4 = 236 -1, or possibly 232 + 4 = 236, is assumed ; in 
the latter case the thorium found in uranium minerals would be an 
isotope of ordinary thorium, the former having the atomic weight 232 
and the latter the atomic weight 232-1; using Fajan’s rule, which is 
subject to exceptions, for the connection between the probability of 
a-disintegration and the atomic weight, the half-life period of this hypo¬ 
thetical thorium uranium, symbol ThU, would be about 108 years. The 
author considers the possibility that, when the existing uranium ores 
Vere deposited, the uranium contained a considerable proportion of this 
substance, which has gradually disintegrated with the formation of 
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thorium, which is therefore more abundant in ancient ores than in those 
of more recent formation. The age of the ore can be determined, from 
the amount of RaG (radium lead) contained in it, and it becomes possible 
to work backwards and determine the half-life period of ThU from 
the thorium content; it is necessary to employ exclusively mineral 
in which the RaG content is accurately known, the amount of 
this substance and of ordinary lead being calculated from the atomic 
weight of the lead mixture ; in some cases thorium lead may be present, 
which complicates matters. By a comparison of the analysis of brogerite 
from Moss in Norway, and pitch blende from Morogoro in East Africa, 
the half-life period of ThU was found. The age of the first ore was 
found to be 895 x 10 6 years, and of the second 605 x 10° years ; the 
ratio Th/U in the first is 0-102, and in the second 0-00405, and the 
ratio of these two numbers is 25-0 : if x is the number of half-life periods 
between the formation of these two ores 2* = 25-0 or x = 4-64; the 
actual time is 290 x 10° years, so that x. the half-life period is 03 x 10 6 
years. Numerous other analyses arc considered in the original paper. 

H. N. A. 

• 

1195. Dependence of Rubidium Radiation on Temperature. S. 

Geiger. (Akad. Wiss. Wien. Ber. 132. 2a. No. 3-4. pp. 69-80, 1923.)— 
The researches on the radio-activity of the elements have shown that 
except in the region of the atoms numbered 81 to 92 only potassium 
and rubidium are undoubtedly active (sec Abstract 1306 (1919)]. The 
ionisation current produced by the rubidium radiation has now been 
measured at 20° to 22° C. and — 165° to — 190° C., and is found to be 
constant within a probable error of 3 to 4 %. The rubidium radiation 
is therefore considered as independent of temperature within the given 
range of temperatures and it behaves exactly as the specific radiation of 
radio-active substances. A. E. G. 

1196. Detection of Injected Polonium in Animal Organs. (Mrs.) J. S. 
Lattes and A. I.acassagne. (Comptes Rendus. 178. pp. 630-632, 
Feb. 11, 1924.)—The organ is weighed and treated with nascent chlorine 
by gradual addition of KC10 3 and concentrated HC1; the action is 
energetic, and started in the cold is continued over a water bath out of 
doors ; a clear homogeneous liquid is obtained ; an excess of HC1 is 
added, and a sheet of pure silver is boiled in the liquid for twenty minutes, 
the polonium being deposited upon it. The a-radiation from the two 
faces is measured in an ionisation chamber ; this gives the activity con¬ 
tained in the original solution, with a small percentage error. When 
the residual solution is evaporated to dryness the activity in a large number 
of the cases examined was negligible compared with that on the silver 
plate. In measuring the total activity by adding the activities due to the 
two sides of the plate that of the edges is taken into account twice over, 
which gives an error in the opposite direction to that due to the activity 
in the dry residue; but both these errors are small, and their difference 
can be neglected. Fat in the organs is not destroyed by the Cl, but it was 
found to be quite inactive. Quantities of the order of 10“ 3 e.s.u. per 

gramme of organ can be determined by this method. H. N. A. 

'<‘1197. Particles of Long Range Emitted from Active Deposits of Radium, 
Thorium, and Actinium. L. F. Bates and J. S. Rogers. (Roy. Soc., 
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Proc. 105. pp. 97-116, Jan. 1, 1924.)—An examination of the long-range 
particles emitted by the active deposits of radium, thorium, and actinium 
has been made by the scintillation method, advantage being taken of the 
recent improvements in the microscopes used for observing scintillations 
[see Abstract 1445 (1921)) Rutherford and Chadwick. In the case of 
radium active deposit, in addition to the particles of range 9-3 cm. 
previously found by Rutherford, particles of ranges 11-2 and 13-3 cm. 
have been discovered. The numbers of these three sets of particles are 
comparatively small; for every 10' a-ray emitted by radium C it has 
been found that there are present 380. 125, and 64 of these particles 
respectively. 

In addition to the particles of range 11-5 cm. discovered by Rutherford 
and Wood [see Abstracts 689 (1916) and 1277 (1921)], it has been found 
that thorium active deposit also emits particles of ranges 15-0 cm. and 
18*4 cm., the relative numbers of the 8-6. 11-5, 15 0. and 18-4 cm. 
particles being 10 6 . 220, 47. and 55 respectively. Actinium active deposit 
has been found to emit particles of range 6-49 cm. previously recorded 
by Marsden and Perkins [see Abstract 1429 (1914)), to the extent of 0 -322% 
of the total number of a-rays emitted by actinium C. Indications of the 
presence of particles of range greater than 6-5 cm. have been found, but 
it has been impossible to establish them, as the sources of actinium 
C used were not sufficiently intense. The bearing of these long-range 
particles on the modes of representation of the transformation of the 
C products of the radio-active substances has been discussed, and it is 
shown that these schemes must be regarded as incomplete. In particular, 
for the atoms of RaC and ThC. explanation must be found for the presence 
of four particles of different ranges. A. B. W. 


„,. 1198 * p '*P«'*tion of Radium C. H. Pettersson. (Akad. Wiss. 
Wien Ber. 132. 2a. No. 1-2. pp. S5-57. 1923,)-In preparing plates 
activated with radium C, by placing them in radon and connecting 
them to a negative potential of a few hundred volts, it has been found 
that the amount obtained was not very large, some 150 millicuries of 
emanation giving not more than 18 millicuries on the plate. A method 
is described in which the emanation is condensed by cold on the surface 

““ ,n ; ar d ' 5C ’, ' d ° n th ' t ° P ol a short rod * nvar steel, which is 
turned down to form a conical plug, closing the lower end of the glass 

nt„ e .. C n° H ln,ng 'a e emana,ion - Th * part of the steel rod dips 

len,« a .h lr ' * S ‘™ ng bIuish “« ht shows lha ‘ ‘he emanation con- 
on tTth ^ T" SUr ' aCC ° f the disc - A mc 'a' cover can be lowered 
dlSC “I “"delation, and increases the yield of radium C ; 

th ck enouvh"to l T ,al nng ’ Carryln? a thin sh '« ol aluminium. 

to a»ow toe TT . Pa “ age ° f the reCoU atoms ’ but ,hin enough 
to allow the a-particles to pass without much hindrance In the first 

~ 81 mUI ' C . UrieS of radon ® ave 60 millicuries of radium C on 

that the „ - I °" measured « minutes after activation, so 

Ihont m u" am ° unto ' RaC was abo “t 200 millicuries. not counting 
about 20 millicuries lost in washing with alcohol. H N A 

1199. A Radium Balance . L. H. Clark (Tm,m c«: t 
1. pp. 137-141. Feb.. 1924.) In radium therapy the economic usVof^tal 
tubes containing a radium salt necessitates frequent measurement of the 

vc^ ^ thUS Pr ° hibit radium ,OSSeS ’ 
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of course, liable to occur. The method of measurement must be rapid 
and entail little manipulative skill, if determinations are to be made as 
frequently as is desirable. For this purpose, therefore, a balance method 
is indicated and the instrument here described works upon this principle, 
which is identical with that of the X-ray balance [see Abstract 690 (1923)]. 
Two insulated chambers are maintained at a constant difference of poten¬ 
tial by connecting them to the leads of a direct voltage supply. An insu¬ 
lated electrode entering both chambers makes electrical communication 
between them. The chambers are exposed simultaneously, one to the 
y-radiation from the radium tube under test, the other to the a-radiation 
from a very small mass of radium. The two consequent ionisation 
currents cause the potential of the insulated electrode to rise to a steady 
value, when a balance is set up. The potential of the electrode is indi¬ 
cated by attaching to it a gold leaf. A mid-section diagram, to scale, of 
a radium balance suitable for measuring tubes containing up to 120 mg. of 
radium bromide is given. A balance ionisation method for measuring the 
/?- and y-ray activity of radium preparations has also recently been 
described by R. M. Sievert. A. E. G. 

1200. Capture and Loss of Electrons by Swift Nuclei. R. H. Fowler. 

(Phil. Mag. 47. pp. 416-430, Feb., 1924.)—The equilibrium ratio of the 
concentrations of He + + and He + in a beam of a-particles of given velocity 
is discussed in the light of Rutherford’s experiments. It is shown that the 
equilibrium is probably of the nature of a thermodynamic equilibrium 
corresponding to an electron density equal to that of the lightly bound 
electrons in the interior of an atom (perhaps 2 x 10 24 per c.c.) and a 
temperature equal to that at which electrons have on the average the 
velocity of the a-particle (5,800,000° C. for the initial velocity of 
a-particles from RaC). The mechanism of capture and loss is probably a 
collision mechanism (non-radiativc). Loss corresponds to ionisation by 
electronic impact—capture to the strict reverse of this, a three-body 
collision. The calculated equilibrium ratios agree roughly with Ruther¬ 
ford's results. A. A. D. 

1201. Radio-Activity of Plants. A. Nodon. Note by D. Berthelot. 

(Comptes Rendus. 178. pp. 486-487, Jan. 28, 1924.)—The author claims 
to have discovered that living organisms possess radio-activity, which 
seems to be a function of the degree of vitality, no appreciable radio¬ 
activity being shown by dead plants or animals. The pistils and stamens 
of plants give a greater effect than the leaves, and four or five times as 
great as uranium ; in some insects it is greater than that of the radium 
employed in the experiments. The effect was greater in sunshine than 
in a closed room, and varied with the solar activity in the same way as 
the author has found for radium. In his note on the above D. Berthelot 
states that he obtained similar results in 1909 and 1910, but that further 
investigation showed that the real cause was humidity; the results were 
regarded as negative and were not published. H. N. A. 

1202. Experiments on the Artificial Disintegration of Atoms. G. 
Kirsch and H. Pettersson. (Phil. Mag. 47. pp. 500-612, March, 1924.) • 
—A method of obtaining strong preparations of radium C from radium 
emanation is described. The emanation is condensed on a metal disc 
cooled by liquid air and kept in the frozen condition for a couple of hours, 
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so that the active deposit can accumulate; the disc is heated and the 
emanation pumped off. The life of radium C is. however, so short that 
for the disintegration experiments it was found better to employ emana¬ 
tion and disintegration products together, though this means that three 
different ranges of a-particle are involved. The emanation was intro¬ 
duced into five capillary tubes. 1 to 2 mm. thick and 20 mm. long, with 
walls of between 70 and 90 ft thickness ; a thin sheet of the substance to 
be examined lined half the length of the capillary, either as a tiny roll of 
metal foil pressing against the glass, or as a fine powder of oxide made to 
adhere to the glass by heating, stopping power about 2 cm. of air ; both 
ends of the capillary were sealed off, and observations were made of the 
scintillations on a zinc-sulphide screen, using a suitable microscope. The 
whole of the radium C could be concentrated in one-half of the capillary 
by immersing it in liquid air. and it was found useful to investigate the 
action of the half of the capillary in which the substance to be examined 
was absent, as well as the other half; the number of long-range particles 
thus found was about one-tenth of that due to aluminium in the other half 
of the capillary; these are no doubt expelled from sodium in the glass, 
which thus proves to be not very suitable for the purpose. Capillaries of 
quartz were tried with a number of substances, with uncertain results, 
except that it was shown that the silicon of the quartz sent out H particles 
with maximal range at about 12 cm. of air. Experiments were also made 
in which the emanation was confined in a narrow trough in a sheet of 
brass covered with a strip of copper foil about 11/x thick ; whether any 
H particles of range exceeding 8 cm. of air arc expelled from copper or not 
must be left an open question, there arc certainly many more expelled 
from troughs containing certain substances than from empty ones, and 
this is regarded as proving that the atoms of these substances arc dis¬ 
integrated. The range of the H particles from lithium was found to be 
10 cm., beryllium 18 cm., magnesium 13 cm., and silicon 12 cm ; the 
evidence in the case of lithium is less conclusive than for the others. 

H. N. A. 


N / mh " °f Emitted from Radium. Part I. Scintilla- 

hon Method. H. Geiger and A. Werner. (Zcits. f. Phvsik 21 3 

^an^t 192 V- R “ d 3nd Ge ' ger fsCC Abstract 1 « 27 (1908)'), 
LV Z y 1 T method ' rccoril " i ‘he o-particlcs emitted 
"*i°“ of radium. The number finally given was 

H " * , a-particles per gramme of radium per second. Ten years later 

m^ned ^ ^ W “- Wien Ber ’ 127 2a 400 redeter- 

icml l tkT j and , obtained a value (3-72 ± 0- 02) x 10‘®. On 
f ' be fundamental importance of this radio-active constant, since 

S J h . e ' fC and heat emlssion of radium, the authors have under¬ 
taken a redetermination by more refined methods. In the first method 
employed by them, and now described, the a-particles are counted by a 
scintillation method, and a value 3-40 x 10‘» a-particles per gramme of 
, per second obtained. Using this value and assuming Millikan’s 
value for it, the half-value period of radium is given as 1730 years ; 
the helium emission as 169 mm.' per year per gramme of Ra in cquili- 
num with Em + A + C ; the heat emission of Ra (free from its 
products of decay) 22-26 cals, per hour per gramme. It i$ also calculated 
that the velocity of the a-particles from Ra is 1-611 x 10° cm./sec. in 
good agreement with observation. A B W 
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1204. The Absolute Energies of the Groups in Magnetic fi-Ray Spectra. 
C. D. Ellis and H. W. B. Skinner. (Roy. Soc., Proc. 105. pp. 60-69, 
Jan. I, 1924.)—Describes experiments to determine with great accuracy 
the energies of certain prominent /?-rays of radium B ; the most accurate 
previous results were obtained by Rutherford and Robinson [Abstract 251 
(1914)] ! the measurements are of importance in connection with the theory 
that the Q -rays are produced by definite y-rays from the nucleus. The 
/3-ray lines were photographed by the usual focusing method, the magnetic 
field being measured by a ballistic method in terms of the area turns of a 
search coil, which was rotated in the field through 180°, and a mutual 
inductance. Details are given of the accuracy obtained in the various 
measurements involved, and it is concluded that the actual effective field 
could be measured to an accuracy of 1 in 1000. The final error in deter¬ 
mining p. the radius of the circle described by the /3-rays, from measure¬ 
ments of the position of the source and of the photographic trace, was 
certainly less than 1 in 1000. A table gives the values of Up for six 
different /3-rays, with the energies in volts calculated by the relativity 
formula from the rounded final values. The maximum deviation from the 
mean is less than 1 in 1000, and the figures are regarded as probably correct 
to 1 in 1000, and certainly to 1 in 500. The results arc compared with 
Ho values obtained by Rutherford and Robinson and by Danysz. 

H. N. A. 

1205. The Capture and Loss of Electrons by a-Particles. E. 
Rutherford. (Phil. Mag. 47. pp. 277-303, Feb., 1924.)—In a recent 
paper Henderson [see Abstract 1154 (1923)] has described experiments 
on the capture and loss of electrons by a-particles. The photographic 
effect of a pencil of a-rays was examined by him in a magnetic field by 
the photographic method, using Schumann plates. For the success of 
these experiments it was found essential that the apparatus should be 
exhausted to the stage of a kathode-ray vacuum and failure of previous 
investigators to note the effects observed by Henderson is to be ascribed 
to the presence of residual gas in the path of the rays in their experiments. 
While it had always been supposed that the a-particle captured electrons 
near the end of its path, it had not been expected that the a-particlc 
could capture an electron in the early part of its range. The present 
investigation seeks to verify Henderson’s conclusion by the scintillation 
method, where the energy of the particles can be estimated by the bright¬ 
ness of the scintillations and their number determined by direct counting. 
Full experimental details are included. The results obtained were in 
general agreement with those of Henderson and could be readily inter¬ 
preted on the view that the a-particle captures electrons in its passage 
through matter, but it was of importance to settle definitely whether the 
particles in the midway beam consist of singly charged helium atoms 
moving with the same velocity as the corresponding particles in the 
main beam. For this purpose, the deflection of the midway band was 
determined in an electrostatic as well as in a magnetic field. From the 
results it appeared certain that the particles in the midway band were 
singly charged atoms of helium, i.e. helium nuclei which have captured one 
electron. It is thus natural to suppose that the undeflected particles are 
neutral helium, atoms arising from the capture of two electrons by the 
a-particles. The mean free path was then determined for capture and 
loss, following which an investigation was made of capture and loss at low 
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velocities. The cases of undeflectcd particles, singly charged particles 
from naked sources, and the effect of gas in the path of the a-particlcs 
were next considered. Following this in the paper comes a discussion of 
the number of interchanges and a comparison with positive rays. When 
an a-particle captures an electron, it presumably falls in the majority of 
cases into the same orbit round the helium nucleus which characterises 
an ionised helium atom. The ionisation potential under these conditions 
is believed to be 54 volts. When the a-particlc with the attendant 
electron passes through the atoms of a gas in its path, it will not only ionise 
the gas, but will occasionally be itself ionised. i.c. will lose its attendant 
electron. The mean free path calculated on these assumptions is of about 
the magnitude observed experimentally. This agreement indicates that 
in most cases the electron captured by an a-particle falls rapidly into the 
lowest quantum orbit and does not appear to circulate in an orbit of high 
quantum number, i.e. of low ionisation potential, even for the short 
interval of time required to traverse the short distance corresponding to 
the mean free path for loss. A long discussion is given for the capture of 
an electron by a high-speed a-particle. but while the problem is found to 
be too involved and complicated to reduce to calculation a few estimates 
of the order of magnitude of the quantities concerned are given. 

H. H. Ho. 


1206. A Reinvestigation of the ft-Ray Spectrum of Radium B and 
Radium C. C. D. Ellis and H. W. B. Skinner. (Roy, Soc.. Proc. 
105. pp. 165-184 Feb. 1, 1924.J-C. D. Ellis has already given an inter- 
pretation of the /Fray spectrum of radium B (Abstract 1596 (1923)] based 
on the original measurements of Rutherford and Robinson. The authors 
have recently determined the absolute values of the energies of some of 
the lines of the fi-ray spectrum of radium B fAbstract 1204 (1924)] and 
they now give measurements, based on these values, for the whole spectrum 
of RaB, and part of that of RaC. All the fundamental points of the 
previous investigations have been strengthened. For both RaB and 
KaC thei spectrum is divided into three groups of lines C. D. and E ; RaB 
has six C lines ,Mght D lines. and seventeen E lines. Energv differences 
L? n “,?’* 746 * 10 ° VOltS * E »° “ E ® * 0 746 X 10 5 . and E 13 - E d 

ZrrLltl 105 4 are ‘ mp ° rtant - The P roof that E 3. E e . and E 0 have energies 
corresponding to the conversion of y-rays in the K level of the atom has 

fi° r ™ r P a P cr b X measurements of excited spectra, so it is 
oncluded that E 7 , E I0 .and E 13 originate in the same way in the L levels, 

of Bohr fin n r y COnc,uded that al1 originate in L m . the absorption energies 
of Bohr and Coster leading to this result. In the accompanving table the 

v u t glVGS thG name of the observed /3-ray. the second the layer in 
which it originates, and the third the name of the nuclear y-ray which 
produces it. the letter y being in practice prefixed to the E in this case. 


El 

B3 

E3 

E4 

E6 

EC 

E7 

ES■' 

E9 

E10 

Ell 

E12 

E13 

E14 

E1B 

E1G 

E17 


K? 

K 

K 


K 

L.„ 

Liu 

K 

L,„ 

M- 

gy 


M* 



K 

3 

E2 

E3 

E4 



E3 

E4 

E9 

EC 

E6 



E9 



El 7 


The sign * means that it is impossible to decide which M or N level is 
involved. The y-rays, yE3, yE4, yE6, and yE9 produce the main emis¬ 
sion, yE4 being considerably weaker than the other three ; yEl, V E2, and 
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yE5 are regarded as doubtful y-rays, being deduced from one /3-ray line. 
In the C group of RaB the /3-ray Cl is assumed to come from the L! level. 
C2 from Lji, C3 from Lm, C4 from Mj. C'5 from Nj. and C6 from O, all 
being due to a y-ray with about 0-530 x 10 s volts energy. The corre¬ 
sponding wave-length is 230 XU. which agrees with the value of Ruther¬ 
ford and Andrade. 229 XU, using the crystal method. The E group 
/3-rays are due to conversion of y-rays in the RaB atom, atomic number 
82 ; but the C group rays by conversion in an atom the atomic number 
of which is 83, corresponding to that of RaC. For the interpretation of the 
J> group, in which difficulties occur, the original paper should be consulted. 
The interpretation of the RaC spectrum is also difficult; y-rays yE3, 
energy 2-72 x 1Q>: yE5, 3-29 X 10* and yE7, 3-88 x 10* volts are 
assumed, with doubtful y-rays yCl, yEl, yE2, yE4. and yE9. H. N. A. 

1207. The Interpretation of fl-Ray Spectra. C. D. Ellis and H. W. B. 
Skinner. (Roy. Sex:., Proc. 105. pp. 185-198, Feb. 1. 1924.)—Discusses 
the results of the authors’ re-examination of the /3-ray spectra of RaB and 
RaC [sec preceding abstract]. Another interpretation is mentioned for 
the production of the E group of /3-rays, depending on the radiationless 
transitions of Rosseland, which were mentioned in the previous paper in 
connection with the D group. In any case it is assumed that the RaB 
nucleus starts its existence in one of a series of higher energy states. 
Suppose a strong coupling between the nucleus and the electronic system, 
then the whole atom may undergo a transition, the final state being the 
nuclear particle in .a lower energy state, and one electron from the external 
electronic structure ejected ; the energy of the electron will be the same 
as if a y-ray had been emitted by the nucleus, and had ejected the elec¬ 
tron ; the latter is probably what happens with the main /3-ray groups of 
RaB, since it seems that the nucleus is so distinct from the electronic 
system that the first phenomenon could not occur. The absorption of the 
y-rays by the electrons to form /3-rays is surprisingly large, it appears that 
at least one /3-ray line electron is obtained for every ten quanta emitted, 
various assumptions made about the properties of radiation on which 
absorption depends, give values which are far too small; the best is a 
pure light dart hypothesis, and this gives a result fifteen times too small. 
The following energy levels are deduced for the RaB nucleus, the numbers 
being the energy differences in volts from the zero level A, 0 ; B, 0-637 
X 10* ; C, 0-025 X 10*; D, 2-572 x 10 s ; E, 2-942 X 10*; F, 4-048 
X 10*; G, 5-31 x 10 6 ; a diagram shows how the various known y-rays 
are produced by drops from one energy level to another; this includes rays 
measured by Rutherford and Andrade using the crystal method ; the 
evidence as a whole is strongly in favour of the fact that quantum dynamics 
apply to the nucleus; but the difficulties and uncertainties are empha¬ 
sised. The fact that the E-group lines appear to be produced in an atom 
with atomic number 82, while for the C group the atomic number appears 
to be 83 is also mentioned. Here the exact sequence of events in the 
disintegration is of importance, the E group y-rays may be emitted before 
and the Cl y-ray after disintegration ; alternative explanations are given.' 
The RaC, E-group, y-rays are very similar to the RaB, E, y-rays; and 
a level diagram is given for the nucleus of this element very similar to that 
of RaB ; the levels and energy differences in 10 s volts are A, 0; B, 
0*59; C, 0 • 70; D, 3 • 07 ; E. 3 • 30 ; F, 4 • 45. Recent papers by Meitner,i 
and by Hahn and Meitner, on the /3- and y-rays of uranium X are criti- 
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cised ; as far as the authors can see. this substance is a normal /3-ray 
body, emitting a soft y-ray from the nucleus like Kal). Space is not 
available for mention of other interesting points in the paper. H. N. A. 

1208. Secondary p-Rays Produced by y-Rays from Radium. A. 

Enderle. (Akad. VViss. Wien. Ber. 131. 2a. No. 9. pp. 589 - GO."*, 1922.) 
—The paper gives the results of an investigation of the secondary /2-rays 
produced when y-rays are absorbed by lead, gold, silver, nickel, and iron. 
For varying hardness of the incident y-rays the secondary /3-rays have a 
corresponding initial velocity. Each type of secondary radiation has a 
definite asymmetry-coefficient (— ratio of incident to emergent radiation) 
which increases as the hardness of the type increases. In this respect 
lead is anomalous. Otherwise the asymmetry coefficient increases with 
atomic weight, the values converging towards unity. A. B. W. 

1209. The Determination of the Radium Content of Feebly Active 

Substances by the y-Ray Method. P. Ludewig. (Zcits. f. Physik, 
20. 6. pp. 394-397, 1924.)—The tedious manipulation involved in the 
emanation method for the determination of the radium content of 
feebly active substances has led to the present attempt to utilise the 
y-ray method for this purpose. Bothe’s experimental installation is 
first briefly described [sec Abstract 1062 (1915)), as also an amended 
procedure by Dorsey [see Abstract 171 (1923)), which latter, however, 
has proved not so sensitive as the former for the present purpose on 
account of the much greater capacity involved. The author now 
describes in detail an arrangement by which much improved sensitiveness 
has been attained. In it a Wulf radiator has been employed of very low 
capacity and in conjunction with a specially calibrated bifilar electro¬ 
meter. Data are included in support of the degree of sensitiveness 
claimed. H. H. Ho. 

1210. Chemical Action of Penetrating Radiation from Radium. 

Part XV. The Reduction of Calcium Persulphate. A. Kailan. (Akad. 
Wiss. Wien. Ber. 131. 2a. No. 9. pp. 569-581. 1922.)—In previous papers 
[see Abstracts 398 (1922) and 102 (1924)) the author and S. C. Lind 
have deaU with the chemical effect of o- and /3-radiations. In the present 
publication the effect of y-radiation on H 2 0 2 solution, solutions of 
potassium iodide, and on solutions of calcium persulphate. The chemical 
actions observed are ascribed to the secondary /3-radiations set up by 
the passage of the y-rays through the solutions. A. B. W. 

1211 . Spectromelric Measurements of the Colour Effects Produced by 

f3- and y-Rays. Maria Belar. (Akad. Wiss. Wien. Ber. 132. 
2a. No. 1-2. pp. 45-54. 1923.)—Quantitative measurements by spectro- 
photometric methods of the colouring of glasses, kunzite (Californian), 
fluorspar, and rock salt by /3- and y-rays from radium are described. The 
final steady condition of colouring depends on the intensity of radiation 
emitted. For fluorspar and rock salt the measurements indicate that 
the rate of colouring is given by the exponential relation n=.n co (l- e-V), 
n and n^ being measures of the colour intensity after times t and a> 
respectively. ’• " - - . i A. B. W. 
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1212. Experiments by Watson Relating to the Dilatation of Water under 

Constant High Pressure. L. Bochet. (Comptes Rendus, 178. pp. 564- 
556, Feb. 4, 1924.)—Results obtained by Watson, published in the " Recueil 
de constantes *’ bv Marie, arc shown to be at variance with those of Amagat 
and of Davis, and are therefore considered to be unreliable. T. B. 

1213. An Iron-Mercury Calorimeter. F. H. Schofield. (Journ. Sci. 
Instruments, 1. pp. 141-144, Feb., 1924.)—A calorimeter is described, 
specially suitable for measuring the specific heat of materials of low thermal 
conductivity which react with water. It consists essentially of an iron 
block with a hole for the reception of the specimen, and provided with 
a lid from which a flood of mercury can be released on to the hot specimen 
when dropped from a furnace into the hole. A rapid interchange of heat 
is thus secured between the specimen and the calorimeter block. E. G. 

1214. A Calorimeter for Heats of Mixing at Elevated Temperatures. 

B. H. Carroll and J. H. Mathews. (Am. Chem. Soc., J. 46. pp. 30-36, 
Jan., 1924.)—Description of a calorimeter capable of measuring heats of 
mixing at temperatures up to the boiling-point of the mixture. Data are 
given for the heat of mixing of the following liquids : Carbon tetrachloride 
and ethyl acetate, benzene and ethyl alcohol, ether and acetone, chloroform 
and acetone, ethyl alcohol and water. E. G. 

1215. Apparatus for Maintaining a Series of Constant Temperatures. 

H. Cardot, H. Laugier, and R. Legendre. (Comptes Rendus, 178. 
pp. 81-83, Jan. 2, 1924.)—A quadrangular block of high thermal conduc¬ 
tivity has its two ends curved so as to be at right angles to the length. 
One end is placed in a bath maintained at a constant high temperature, 
e.g. a boiling liquid, or molten metal, the other in a low temperature bath. 
Aluminium is chosen because of its high thermal conductivity, high 
specific heat, lightness, cheapness, and facility for being moulded. Ten 
cavities, equally spaced, are made on the top surface of the bar, which is 
suitably lagged. In one of the models constructed, the cold source is at 
15° C. and the warm source at 100° C. It has a series of 10 constant tem¬ 
perature enclosures from 28° to 18° in steps of 5°C. It is found that the 
temperatures are more constant than those of the usual form of thermo¬ 
stat, as temperature variations at either of the sources are dissipated 
gradually and do not affect appreciably any given point. Numerous 
uses of the apparatus are suggested. T. B. 

1216. Thermal Conductivity of Liquids under Pressure. P. W. 
Bridgman. (Am. Acad., Proc. 69. pp. 141-169, Dec., 1923. Nat. 
Acad. Sci., Proc. 9. pp. 341-345, Oct., 1923.)—An apparatus is described 
for measuring the thermal Conductivity of liquids both at atmospheric 
pressure and high pressures ; the method uses the radial flow of heat 
across a thin layer of liquid contained between two concentric metal 
cylinders. The importance of eliminating the effect of radiation through the 
liquid from one wall to the other in all methods of measuring conductivity 
of liquids is emphasised. The method is applied to the measurement of 
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fifteen liquids over a pressure range of 12,000 kg ./cm. 2 al 30'' and 75°. 
At atmospheric pressure the thermal conductivity of all tile liquids 
except water decreases with rising temperature. I'nder pressure the 
conductivity increases by an amount varying from 1-5 to 2*7 fold for 
the entire pressure range. The effect is greatest for the most compres¬ 
sible liquids, and is least for water. The effect is far from linear with 
pressure, but the initial rate of increase of conductivity with pressure 
is several fold greater than the rate at 12,000 kg. At pressures above 
roughly 3000 kg. the temperature coefficient reverses sign, so that all 
these liquids are more conducting at high pressure at the higher tempera¬ 
tures. A simple theoretical formula for thermal conductivity of liquids 
has been obtained, in which the difference of temperature energy in a 
liquid in which there is a temperature gradient is represented as 
travelling through the liquid with the velocity of sound. K. ( 1 . 

1217. Wall Insulation. E. Griffiths. (Nature, 113. pp. 240-242, 
Feb. 16, 1924.)—A scientific study of wall insulation involves determina¬ 
tion, first, of heat conductivities of poor conductors, and, second, of the 
factors on which heat transmission from a wall surface to air depends. 
A method of determining such heat conductivities is described. [For 
results see Abstract 1172 (1923).) 

In the case of a vertical wall at uniform termperature the rate of heat 
loss by air convection per sq. cm. is found by experiment to be greatest at 
the bottom of the wall. With increasing height the rate decreases to a 
minimum, as at higher levels the air coming in contact with the surface 
is already warmed. At greater heights still it increases slightly, pre¬ 
sumably owing to turbulence, and then becomes constant. 

Using a long electrically heated cylinder of variable height, the heat 
loss is measured for various steady temperatures and different heights. 
For each height a relation H oc 6 n is found, H being the heat loss by 
convection per unit area and 0 the excess temperature. A study of the 
values of n shows that height and temperature excess cannot be treated 
as separate factors. From theory it is shown that the equation for similar 

a 

bodies should be of the form H = jJ(OP) where l represents the linear 

dimension. The experimental values fit in with this, and for large values 
H/ 

of / the equation y ^ (0/3)i/3 ( h « 0*/3 represents the facts. G. A. S. 

1218. The Miscibility of Substances above the Critical Temperature. 
T. des Coudres. (Ann. d. Physik. 73. 3-4. pp. 289-290. Jan., 1924).— 
The author employed an apparatus described by him in Bcr. Sachs. Ges. 
d. Wissensch. 62. p. 296. 1910, in which pressures up to 500 atmospheres 
could be applied at 500° C. The earlier experiments had suggested the 
existence of a state of heterogeneous equilibrium above the critical tem¬ 
perature, without providing complete proof. In the present paper, experi¬ 
ments with air-water, water-benzene, and other mixtures are described, 
but no discussion of the theoretical meaning of the results is attempted. 

E. G. 

1219. Specific Heat and Heat of Mixture in the Neighbourhood of the 
Critical State of Miscibility. N. Perrakis. (Comptes Rendus, 178. 
pp. 83-86, Jan. 2, 1924.)—Previous work on the crystallisation of certain 
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binary mixtures [Abstract 2025 (1923)] led the author to conclude that a 
freezing-point curve with a large section nearly rectilinear indicated a 
state approaching non-miscibility. Curves of a similar nature are given 
in the present paper connecting other physical properties of binary mix¬ 
tures. namely ( 1 ) differences between experimental and calculated molecular 
capacities for heat, and (2) heats of mixture, with the molecular concen¬ 
trations. The binary systems studied arc phenyl oxide-ethvl alcohol, 
benzene-ethyl alcohol, benzene-butvl alcohol (normal), and o-cresol-ethyl 
alcohol. As judged from the comparative lengths of the rectilinear 
portions of the curves, the degree of miscibility increases progressively 
from the first of these systems (phenyl-oxide-ethyl alcohol) to the last 
(o-cresol-ethyl alcohol). T. B. 

1220. The Difference of the Specific Heats, at Constant Volume, of a 

Liquid and its Vapour. A. Brandt. (Ann. d. Physik, 73. 5-6. pp. 412- 
414, Feb., 1924.)—It is known that the difference of the specific heats at 
constant volume of a liquid and its vapour, at the same temperature is 
given by C' - = r/T - dr/dT - AT[(7>pfit) f do/dt - (Dpfitfds/dt]. 

Here / and d stand for liquid and vapour respectively, r is the latent heat 
of vaporisation, a and S the specific volumes of liquid and vapour. The 
equation was given in 1897 by M. Planck, and later (1906) by E. H. Amagat 
(Abstract 1257 (1906)). Values from Planck and Amagat corresponding 
to the right-hand side of the equation for C0 2 are given in tables. It is 
thus shown that at temperatures — 5°, + 10°, and -f 25° C., c£ - cj - 0. 
A similar result is also given by other so-called normal substances liko 
pentane and isopentane. It must not be assumed, however, from tho 
equality of c[ and cj that the specific heat is independent of the volume, 
or that ficjdv), = 0. This is proved by the direct measurements of Joly 
and others in the case of C0 2 . and by A. J. Swart for dissociating gases. 
The approximate equality of c£ and cj for normal substances can he 
explained as follows : The specific heat at constant volume consists of 
two quantities : (a) The constant specific heat c ; ( h) the varying quan¬ 
tity of heat which on raising the temperature 1°C. is used up in dissocia¬ 
tion. If u v is the molecular heat of dissociation, m the molecular weight, 
and if in 1 kg. of the substance x kgs. are already dissociated, then 
C„ = C -f- (u p /m){iix/i)t) v . For the equality of c/ and Cj it is only 
necessary that at the same temperatures (J )x/^t)l and (dx/dt)i should bo 
equal; that is, that on heating the same weight of liquid and of vapour 
at constant volume, the same number of associated molecules should be 
dissociated into single molecules. For substances not normal, this is not 
the case. For example, in the case of water at 100 9 C., c{ - C d v is equal to 
about 0-5 cal. • • . T. B. 

1221. The Ratio of the Specific Heats of Nitrogen and of Oxygen. J- R- 
Partington and A. B. Howe. (Roy. Soc., Proc. 105. pp. 225 243, Feb. 

1, 1924.)—The authors describe an investigation of the ratio of the specific 
heats (y) of nitrogen and oxygen. The method was substantially the 
same as that described in Abstracts 691 (1914), 348 (1922). and consists in 
measuring the fall in temperature which occurs when a large volume of 
the gas is allowed to expand adiabatically. The authors critically review 
previous investigations and also draw attention to an arithmetical error, 
in the earlier paper by Partington. # i ... ■ . , ; q 

vol. xxvii.—a. —1924. 


HEAT. 


425 


A summary of the data obtained by various investigators is given in 
the tables below : 

... % 

Results with Nitrogen. 


Observer. 

r- 

*>■ 

C„ 

Temp. °C. 

Masson . 

1*415 




Cazin. 

1*41 ± 0*02 

_ 

— - 

_ 

Holborn and Austin .. 

_ 

0*2319 

_ 

20 

Holborn and Fleming . 

— 

0*2358 

- 

20 

Pier . 

— 

— 

4*918 

20 

Scheel and Heuse .... 

(1*399) 

0*2492* 

(4*990) 

20 

Schweikert. 

11*4021 



<1 

Dixon, etc.'. 

(1*405) 

, 

(4*921) 

20 

Schulze and Rathjen.. 

1-4120 

- 

_ 


Present research. | 

1*4045 

(0*2470) 

(4*929) 

20 


Results with Oxygen. 


Obtuver. 

y* 

r/. 

Cv. 

Tcinp. *C. 

Masson . 

1*415 




Dulong . 

1*415 

- - 

_ 


Regnault ... 

— 

0*2188 

_ 

15-200 

Cazin. 

1-41 ± 0*02 


_ 


Lummer and Pringshcim 

1*3970 ± 0*0004 

I 

_ 


Schecl and Heuse .... 

(1*399) 

0*2182 

(4*989) 

20 

Holborn and Austin .. 

- 

0*2195 


20 

Schweikert . 

1*402 



0 

Present research. 

• ; . vt „ . 

1*3946 ± 0*0002 

(0*2204) 

(5*056) 

20 


Note.—C alculated values are enclosed in brackets. 


E. G. 

1222. Vapour Pressures of Lithium Chloride Solutions at 20° C. B. F. 
Lovelace, W. H. Bahlke, and J. C. W. Frazer. (Am. Chem. Soc.; 
J. 45. pp. 2930-2934. Dec.. 1923.)-This paper is a continuation of a 
senes of studies of the vapour pressures of aqueous solutions begun by 
i razer and Lovelace using an accurate static method which depends 
upon the measurement of the difference in pressure between pure solvent 
and solution contained in bulbs immersed in the same accurately regu¬ 
lated water thermostat by means of a Rayleigh manometer. The error 
ihvolved in measuring the pressure differences by this method is approxi¬ 
mately 0*0006 mm. The measurements were made at 20° C. and in the 
concentration range from 0*1 to 1*0 m. 

An improved method for removing air from the solutions before 
measuring has been devised. The observed vapour-pressure lowering 
has been compared with those calculated from freezing-point measure¬ 
ments. (See Abstract 630 (1910).J' J * E. G. 
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1223. Vapour Pressure of Monatomic Elements. R. W. Millar. 
(Am. Chem. Soc.. J. 45. pp. 2323-2329. Oct., 1923.)—The differential 
equation dp/dT = AH/TAV. expresses the change of vapour pressure 
with the temperature in terms of the heat of vaporisation and the change 
of volume. Neglecting the volume of the condensed phase, and assuming 
pV = RT. where V is the molar volume of the gas, we have 
d log p/d log T = All/RT = AS/R. Here AS is the entropy of vapori¬ 
sation = S g — S e . where is the entropy of the gas and S c that of the 
condensed phase. Lewis's theory of ultimate rational units gives 
S g = R log (T^/ 2 . uPl-lp) — 2 -63 where w is the molecular weight of 

the gas. Also S< = S 0 -f- Jc^. d log T. Cp being the molar heat 

capacity at constant pressure. Now C p can be expressed most simply 
as Cp = a + p log T + y (log Tj 2 . Omitting y we obtain S f = S 0 + a log T 
+ ft (log T)'-72 —a log T 0 —p (log T) 2 /2. Combining these equations we obtain 
a differential equation of the form dy/dx + y = ax — bx 2 + K, of which 
the solution is y = [a -f 2b)x — bx 2 + Ze~* — a + 2b + K, where Z is 
the constant of integration. Here y stands for p the vapour pressure, 
and x is log T. By use of the equation, and knowing the values of a. p. 
and the entropy S 0 at temperature T 0 , and one vapour-pressure measure¬ 
ment. in the case of the condensed phase of any element which vaporises 
to a monatomic gas. the complete vapour-pressure curve for that phase 
over the temperature range for which a and p arc valid may be calcu¬ 
lated. Tables arc given in which the calculated values for mercury, 
sodium, zinc, and hydrogen (the heat capacity of H gas below 60° A. 
being assumed that of a monatomic gas) have been compared with the 
observed values of various investigators. Fairly good agreement is 
obtained. T. B. 

1224. The Heat of Vaporisation and the Pressure of Saturated Vapour 

at very Low Temperatures. A. Brandt. (Ann.d. Physik,73. 5-6. pp. 406- 
408, Feb., 1924.)—The heat theorem of W. Ncrnst was criticised by 
E. Arids [see Abstract 525 (1917)]. In this criticism, assuming Clapeyron’s 
equation, r/u = AT dpfdt where r is the latent heat of vaporisation, and 
assuming pu = RT for a vapour at low temperatures, Arids arrived at the 
conclusions that r 0 = 0 and roM/2T » 1 near the absolute zero of tem¬ 
perature. Hence in Nernst’s equation, log p = — mrJ2T -f mc p log 1/2 
-f- log R + m(k — cp)/2 he obtains log P = — 1 -f mc p log T/2 + log R 
+ m (h — c p )l 2. In deducing this equation, however, Ari£s assumes that 
at low temperatures dpjdt = pfl. The present author shows, as follows, 
that this assumption is not justi6able. If pu = RT, where u and p are 
functions of T, then d(pu)/dt = pdu/dt + udpjdt = R. Hence dpfdt 
= R/u - (piH)(du/dt) « pfT - (plu)(du/dl ). The last term, however, 
cannot be assumed to be zero, as claimed in effect by Arids, since du/dt 
approaches infinity as p/u becomes zero. From Clapeyron’s equation, 
r = ATudpIdt = ART — AT pdu/dt, that is r consists of two quantities, 
(1) the heat ART = A pu, which is equivalent to the external work of 
evaporation, and vanishes when T = 0; (2) the heat — AT pdu/dt which 
does not vanish at T = 0. This heat is the inner latent heat of vaporisa¬ 
tion which is employed in overcoming the force of cohesion. This force 
exists between the molecules even at very low temperatures when on 
vaporisation an increase of volume takes place. T* 
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1225. Relation between Vapour Pressure and Vapour Composition in 
Binary Mixtures of Volatile Liquids. W. K. Lewis and E. V. Murphree. 
(Am. Chem. Soc., J. 46. pp. 1-7, Jan., 1924.)—A stepwise approximate 
integration is presented for the Duhem-Margules equation, which makes 
possible the calculation of the composition curve for the vapour over a 
liquid mixture from the isothermal total pressure curve. The calculated 
values in all cases cited lie within 2 % of the experimental ones. T. B. 

1226. The Heat Equilibrium between Cavity Radiation and Quantised 
Atoms. O. Halpern. (Zeits. f. Physik, 21. 3. pp. 151-158. 1924.)— 
Einstein’s famous treatment [Abstract 654 (1917)] of the equilibrium of 
the internal and translational energies of quantised atoms and full radia¬ 
tion led him to the consideration of the existence of emission and absorption 
of definitely directed energy quanta, but this has not been verified experi¬ 
mentally though there is evidence in favour. The author attempts to 
show that by the application of classical considerations a number of 
hitherto unexplained effects (alteration of frequency and dissymmetry 
of the intensity) may be explained, the paper consisting of an analysis 
of Einstein’s considerations. 

Thus Einstein uses the idea that the probability that an atom in 
state 1 in unit time will pass into state 2 may be written A? -f BfrO'.T), 
a becoming infinite with T while A and B arc independent of T ; while 
using Wien's law it is found that A?/B? =» av 3 w hile c r - c 2 - hv ... (1). 
The author suggests that it is not certain that A’ may be neglected with 
respect to Bja at high temperatures. 

The question of the relation between temperature and these transition 
coefficients is discussed, and a slightly different formulation given to 
equation (1). In directed emission it is shown that atomic recoil leads 
to the irreversibility of the process. 

The Einstein equations arc obtained in a similar form considering 
translational and internal energies. The difficulties at high temperatures 
remain, but the quantities S’ and S». analogous to Einstein’s A; and B\, 
arc now dependent upon temperature. The essential point is emphasised 
that neither a directed emission, nor a uniform spherical wave emission, 
is assumed, nor any special assumptions made concerning the nature of 
the elementary process. Exactitude of the equation (1) is only obtained 
in systems of reference in which the atom is at rest before and after the 
process. W . y. M 

1227. Gas Dissociation and Free Path. E. Schrodinger. (Phys. 

Zeits. 25. pp. 41-46, Jan. 15. 1924.)—In this paper a theory of gas 
dissociation is mathematically sketched which closely follows that of 
Schcrrer [Gott. Nachr. 5. 8. July. 1916], but in which the free path is 
used as the characteristic length. This conception is claimed as of 
importance for the theory of electrons in metals. H. H. Ho, 

1228. Imperfect Gases. N. Carrara. (N. Cimento, 26. pp. 167-166. 
Oct.-Nov.-Dec.. 1923.)—Deduces a formula 

c , = c . + R ( 1 + *) =a + /3t) + R ( 1 + ^). 

A. D. 
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1229. Verification of van der Waals" Equation Corrected for the Quasi- 
Contraction of the Molecules from the Isothermals for Hydrogen Determined 
by Kohnstamm and Walstra. E. A. Holm. (Ark. f. Mat. Astron. och 
Fysik, Stockholm, 17. No. 20. pp. 1-58, 1922-1923. In German.)— 
This is a long paper containing twenty tables of data and calculated 
results, together with graphs in which the author applies the same method 
which he used in the case of the isothermals for oxygen, nitrogen, and 
hydrogen determined by Amagat. The equation in which the constants 
are to be determined is 

p = — /[l - b/v + 36 2 /8i/- - 0-03695 3 /u 3 J - a/v 2 . . (1) 

and the fitting of the equation to the isothermals was made by the method 
of least squares, using the expression 

S[>-~/(* - b l v + 352/8U- - 0-036958/v 3 ) + a/v-~J 

X 1 Ip- =* minimum . . (2) 

in which it is assumed that the percentage difference between observed 
and calculated pressures when it is accidental does not depend on the 
pressure. The observations of Kohnstamm and Walstra were made at 
a temperature of 15-5° C. for pressures up to 2256 atm. and at 20° C. up 
to 2285 atm. Kohnstamm and Walstra used the method of “ electrical 
contact " for determining the volume in conjunction with the weight of 
mercury run out of a piezometer between successive contacts. The 
pressure was measured by a sensitive pressure balance of Schaeffer and 
Budenberg. It is to be noted that the two authors, on account of inade¬ 
quate experimental arrangements, were unable to introduce a definite 
quantity of hydrogen into their piezometer, and consequently that in 
addition to a and b of equation (1) R has also to be considered as an 
unknown constant. The author concludes that, as in Amagat’s experi¬ 
ments on oxygen, nitrogen, and hydrogen, the constants a and h arc 
approximately independent of temperature: that the initial volume for 
the isotherms is sufficiently small to neglect the '* Schwarmbildung " of 
the molecules, and that the same will be true for the experiments of 
Kohnstamm and Walstra since the initial pressure in these experiments 
was not smaller than in Amagat’s case. Finally, there must be errors 
in tile Correction terms for the molecular volume in the equation of state 
as given in ( 1 ), and that in consequence there must be serious defective¬ 
ness in the classical gas theory since the equation of state is deduced from 
it. The paper must be consulted for details of the calculations. T. B. 

1230. A Simple Derivation of van der Waals' Vapour-Pressure 
Equation, with a Note on Molecular Diameters. S. P. Owen. (Univ. of 
Durham Phil. Soc.. Proc. 6. fl. pp. 308-311, 1922-1923.)—The change of 
a liquid into its vapour is considered as a unimolecular heterogeneous 
reaction and van der Waals* vapour pressure equation thereby deduced 
from the kinetic theory. Since the forces acting on a molecule in the 
liquid are, on the average, directed towards the liquid along the normal 
to the surface, the assumption is made that only those molecules pos¬ 
sessing a certain critical velocity normal to the surface are capable of 
escaping from the liquid, and a result obtained identical with that 
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derived on thermodynamical grounds by van't Hoff showing that the 
present procedure may be applied to homogeneous gaseous and hetero¬ 
geneous reactions, by associating chemical activity only with those mole¬ 
cules which have a certain definite kinetic energy. Since the kinetic 
energy necessary for a molecule to penetrate the surface of its liquid 
completely is used up in doing work against the forces of molecular 
attraction, it is assumed that when a molecule escapes it has associated 
with it a certain amount of potential energy which is equal to this work, 
the potential energy being manifested at the surface of separation in the 
form of surface tension. Taylor’s paper on the coalescence of liquid 
spheres [see Abstract 1972 (1921)] has led the author to communicate 
the present point of view which has been held since 1917 but not pub¬ 
lished owing to difficulties involved in the conception. The results 
derived agree very closely with the published data as obtained by the 
usual methods. H. H. Ho. 

1231. The Relation between van der Waals‘ Equation and Trouton's 
Formula. A. Brandt. (Ann. d. Physik, 73. 5-6. pp. 403-405, Feb., 
1924.)—Van der Waals’ equation gives (p + a/v*)(v — b) = HT/m, where 
H is constant for all substances, and m is the molecular weight. If T, 
is the boiling-point of a liquid at pressure />,. < 7 , and the specific volumes 
of liquid and saturated vapour, then, when />, is sufficiently small we 
obtain (a/a?)(o, — b) = HT,/m, and p i s l — HT,/m. At the critical 
poin t T k «= 8aw/276H . From these equations we obtain 5/o, = 0-5 
± Vo-25 — 8T,/27T*, where only the positive sign is admissible. 

The equations of Clapeyron and Clausius-Maxwell give for the latent heat 
of vaporisation (r x ) at temperature T lt r x = A{/>,(s, - ax) + a/a, - a/s,}. 
If 01 is small compared to s t and a/s, small compared to a/a,, then from 
the equations above we get r, « A{HT,/m + 27T*H&/ma,i. Putting 
A -» 1/427, H = 845 - 2 we obtain 

r,m/Ti - 2{1 + (0-5 + Vo-25 + 8T,/27T*)/(8T,/27T*)}. 

• This expression shows that Trouton’s formula (r,m/T, « constant) 
can only be obtained when T,/T* is constant for different liquids, that 
is when T, and Tk are " corresponding temperatures.” Guldborg has 
shown that approximately the critical temperature and the boiling-point 
at atmospheric pressure are corresponding temperatures and that 
I|/l* = 0*6. Inserting this value in the equation above, we obtain 
r \ m /T, =* 10-8, about half the value of the constant in Trouton's formula 
(20 to 22). Exact equality is, however, not to bo expected as neither 
van der Waals’ equation nor Trouton’s formula can claim an exact repre¬ 
sentation of the properties of different substances. T. B. 

1232. Comment on the Communication of L. Bochet. entitled " t>an der 
Wools' Law of Corresponding States D. Berthelot. (Comptes Rendus, 
178. pp. 677-682, Feb. 18, 1924.)—A survey of the literature bearing on 
the validity of the law of corresponding states, both from the theoretical 
and from the experimental point of view. It is shown from much careful 
and consistent work carried out during the past thirty years that the 
law of corresponding states proposed by van der Waals is by no means 
exact, and it is held that the attempt of L. Bochet to revive the question 
at the present day is quite unnecessary. [See next Abstract.] Refer¬ 
ence is made to three other points which, like the critical point, give 
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“ reduced ” forms of van der Waals’ equation of remarkable simplicity; 
the reduced formulae, it is stated, fit experimental facts well, and in one 
case exactly. X. B. 

1233. Van der Waals' Law of Corresponding States. L. Bochet. 
(Comptes Rendus. 178. pp. 377-380. Jan. 21. 1924.)—When the units 
of pressure, volume, and temperature are so chosen as to be equal to 
the critical values of those variables, van der Waals’ equation takes the 
well-known " reduced ” form, which apparently contains nothing 
“ specific ” and is the same for all fluids. Van der Walls concluded 
from this, that provided the units are so chosen, the relation between 
the variables is effectively the same for all fluids. The validity of this 
conclusion is disputed. Consider the algebraic equation £aV«/^T>' = 0. 
Let this be transformed into a new system of units such that V = nuy ; 
p ~ and T = »m T , the magnitudes of the new units in terms of the 
old being My. up. and »< T respectively. The equation now becomes : 

= °» that is 2Aw*c*wr = 0. 

where the new constant A = ai<* This ** reduced " equation no 

longer contains V, p. T. but the new abstract variables n, c, m. Further 
consideration shows that to deduce the law of corresponding states for 
any series of fluids from van der Waals’ reduced equation, it is necessary 
to establish (1) that each actually has a critical point, and (2) that the 
behaviour of each can be accurately represented by a relation involving 
three constants only. These conditions have never been fulfilled, so it 
is concluded that while the law of corresponding states may be true, it 
does not follow as a logical consequence on van der Waals’ reduced 
formula. The experimental values are cited for carbon dioxide and 
water, and it is shown that there is considerable divergence in the 
behaviour of the two substances. T. B. 

1234. On a Proposed Empirical Equation of State for Fluids, S. Lees. 

(Phil. Mag. 47. pp. 431-446, Feb., 1924.) —The general type of equation 
of state is assumed to be of the form {/> + if>(p, V. T)} . (V - b) = RT, 
where p, V, R, and T have the usual significance, and $ is a function of 
which the form is to be determined. The equation is discussed mathe¬ 
matically with relation to the known properties of fluids, and an expression 
obtained for the function <f>. The particular form of the equation so 
deduced, is {p -f- (a/* 1 / 3 )/(TV 5 / 5 )} . (V - b) - RT. or in terms of the 
reduced pressure, volume, and temperature, n. v, and 0 respectively 
{it -f- 4(7n/) | /3/(0|/2)}(|/ _ iy 4 ) = 150/4. Reference is made to the equa¬ 
tions of van der Waals, Clausius, Dieterici, Porter [Abstract 711 
(1923)], and others. It is claimed that the proposed equation agrees 
more closely on certain points with experimental facts. The chief pro¬ 
perties of a fluid which follow from the equation are : (1) For large specific 
volumes the gas law holds ; (2) for high pressures and low temperatures 
the volume tends towards that occupied in the liquid state ; (3) critical 
phenomena are indicated ; (4) near the critical point with increasing 
pressure, pV passes through a minimum value ; (5) inversion in the porous- 
plug experiment is indicated ; and (6) as the volume increases from a 
small value, the specific heat at constant volume increases, attains a 
maximum, and then decreases. . ,. M: :T. B. 
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1235. The Characteristic Surface (Thermodynamic Model) for Water. 
A. Brandt. (Ann. d. Physik, 73. 5-6. pp. 409-411. Feb.. 1924.)—The 
thermodynamic surface for water has a much more complicated appear¬ 
ance than that of normal substances. It is shown perspoctivcly in the 
figure herewith, the axes being pressure (/>), volume (v), and tempera¬ 
ture (/). Here, ednhl is the " cylinder-surface " of vaporisation of water. 
h being the position of the critical point (p = 196 atmos.. t = 366° C.).’ 
The cylinder-surface elrsm corresponds to the evaporation of ice ; aedb 
the melting of ice. The latter surface is covered in the figure by the 
thermodynamic surface of ice, since the specific volume of ice is greater 
than that of water. The three cylinder-surfaces cut each other in the 



straight line del corresponding to the triple point, at temperature 0 • 0074° C. 
I he diagram illustrates that water at atmospheric pressure has its greatest 
density at 4 C., but at higher pressures the greatest density corresponds 
_ r ? ° Wer temperature than this. At pressures above 2200 atmospheres, 
lice nn Jhth na T d ICC K 1 by Tammann > assumes an allotropic form 
Thus the ' S d T„ Cr VT WatCr at thc Samc P ressure and temperature. 
These three £aC f S ***' bgfC ' and intcrsect in the straight line cba. 
the corTes P° nd respectively to the melting of Ice I. 

his Tlsn H 8 ° f Ice , IH ' and the chan S e ^om Ice I to Ice III. Tammann 
oTthel^ 800 !^ ^ ICC IL ThiS ' however - is omitted in the diagram 
to scale dearnCS s- For the same reason the diagram is not drawn 


• on A - Brandt - (Ann. d. Physik. 73. 5-6. 

are supposed 1924 ^“^^tances obeying van der Waals' equation 

states Tl m ^ K ? r ! 0m0 1 leCuIar in 601,1 the gaseous and the liquid 
supposed in r™!' . Wh ‘ St subst ances departing from this equation are 
h associated molecules when liquid (eg. H a O). It 

tion th * however * that C0 2 shows evidence of progressive associa- 

calcuirfinnc e o Pr K SUr ! * inCreased a " d the temperature lowered. The 
calculations are based on Amagat’s experimental data. Van der Waals' 


equation is written in the form 10.333 ( p + *) (v - b) = where 

C ™°! ecuIar w eight. The constants a and b are selected on thc 
turll LT n cons,derati ons and then m is evaluated for various tempera- 
• n P ress ures. It is shown to vary from 100 to 44. This, in itself, 
wever, is no conclusive proof of association, for, as the writer points 
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out, the value of m may be kept constant at 44 by a different choice of 
values for a and b. 


Amagat has suggested that the expression T^—J — p represents the 

cohesion pressure in a gas. It is here suggested that on the basis of the 

association theory the correct expression is — p — ~ where 

\ot J v V — b ot 

n = An explanation is then offered of the fact that under certain 


conditions of pressure the expression T ^—j — p is negative in the case 


of hydrogen. 


A. A. D. 


1237. The Molecular Association of Liquids and Highly Compressed 
Gases. Part HI. The Molecular Association of Liquids. E. E. Walker. 
(Phil. Mag. 47. pp. 513-525, March, 1924.)—It was shown in Part I [see 
Abstract 905 (1924)] that the critical coefficient (dn/dOje, which by the 
law of corresponding states should be the same for all substances, is a 
function of the length of the molecule. The law of corresponding states 
may therefore be re-stated as follows: " The relationships existing 

between the true reduced temperatures, pressures, and volumes of all 
substances, the molecules of which have the same length, are very nearly 
identical." It is now shown that this law is applicable to associated 
substances if proper correction is made for the effect of molecular associa¬ 
tion on the critical constants. On the basis of this modified law the 
association factors of a large number of substances at the boiling-point 
have been determined. T. B. 


1238. Radiometer Investigations. Part III. A Note on the Radio- 

meter Theory of E. Einstein. W. Gerlach and E. Madelung. (Zeits. 
f. Physik, 21. 4. pp. 254-257, 1924.)—The theory propounded by 
E. Einstein [see Abstract 1414 (1923)] leads to a law according to which 
the radiometer effect is proportional to the square of the thermal 
current. This result appears incompatible with the strict validity of the 
proportionality of a radiometer deflection with the absorbed radiant 
energy. Recent work by the authors [see Abstract 1566 (1923)] has 
confirmed the latter result within very wide limits, and the present paper 
describes further special experiments which establish the proportionality 
for all pressures including those at which the radiometer effect is of the 
dimensional order of the radiation pressure. Experimental details and 
data are included. . H. H. Ho. 

1239. On the Function AA = <f>(X0) in the Theory of Radiation.. C. 
Henry. (Comptes Rendus, 178. pp. 558-561, Feb. 4. 1924.)—Owing 
to the discontinuities which are introduced in the theory of quanta, one 
cannot without precautions assimilate to a differential dx the very small 
variations of a physical quantity. Difficulties are thus encountered in 

Stefan’s law e = \e x dX = oO*, and in Planck’s equation 

e x d\ = cd\f[\S(e&* - ])] 

which are well interpreted by the perturbations due to a discon- 
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tinuous quantity AA which cannot from its nature be a differential. 
Experiment indicates that c = hV/k is a little smaller (1*42) for large 
values of A0 than for small values (1 -46). and one is led to seek in the 
function AA = <f>{\0) the reason of these discordances. This also follows 
from the fact that the temperature calculated from Stefan’s law (which 
implies very large and very small values of A) is greater than that calcu¬ 
lated from Wiens law (based on mean values of A). The same problem 
is encountered in the calculation of the quantities named by the author 
"instantaneous temperatures of establishment," r. r = ne K /{h log />). 
•These are produced when there is an emission of " grains of energy," 
€ k , p being the probability of this emission, owing to accidental variation 
of E x . d\. 

Errata {ibid. p. 934. March 3, 1924). T. 13. 

1240. A Statement of the Thtrd Law of Thermodynamics. E. D. 
Eastman. (Am. Chem. Soc.. J. 40 pp. 39-43, Jan., 1924.)—In con¬ 
nection with the related ideas of entropy and randomness of the state 

a Rgregation, a method is put forward of defining and measuring 
" randomness." It is measured by the least number of atomic positions 
which it is necessary to specify in any system to define completely its 
state. For a crystalline system it is sufficient to define the ** unit cell,” 
and to specify the number of unit cells in the system. In the case of 
glasses a unit volume is defined which replaces the crystalline "unit cell." 
An approximate'numerical value can thus be given to the randomness 
of any system. Crystals of the simplest type require relatively few 
specifications, while glasses require very many. Complex crystals occupy 
an intermediate position. Hence all gradations must exist at the absolute 
zero, between the zero entropy of the simplest crystalline systems and 
the finite entropy of glasses. A particular form is assumed for the relation 
between randomness and entropy, from which it follows that the entropy 
of some crystals at the absolute zero may be large enough to be of prac¬ 
tical importance in accurate determination of entropy from specific heats. 
The third law of thermodynamics is restated so as to conform to these 
conceptions. • -p 3 

1241. Is the Notion of Entropy Particularly Abstract? L. D^combe. 

(Comptes Rendus, 178. pp. 694-097. Feb. 18. 1924.)—The author points 
out that analogies to entropy may be constructed without explicit reference 
to probability, and gives details of one such instance. E. G. 
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1242. The Physiological Measurement of Sound. A. Stefanlnl. 

(N. Cimento, 26. pp. 137-142, Oct.-Nov.-Dec.. 1923.)—Reference is 
made to the phonometer of Zwaardeinaker with which he and Ohma 
have measured the energy of sonorous vibrations. The apparatus con¬ 
sists essentially of a small tube having the dimensions of the auditory 
canal, furnished with a wide collecting tube and forming a resonance 
chamber which opens into a chamber somewhat wider. On the axis of 
the resonator is suspended by a very fine thread of platinum of 5fi thick¬ 
ness a little mirror of 2 mm. diameter and thickness 60 ft with its plane 
at 45° to the axis. If the distance of the little mirror from the free 
extremity of the small resonator is suitably chosen its deviations, which 
can be read on a distant scale, arc proportional to the kinetic energy 
obtained from the sound waves. With this apparatus very feeble sounds 
can be measured. Zwaardemaker and Ohma have endeavoured with 
this apparatus to decide the controversy as to the method of measuring 
the intensity of sound, that is to decide whether it is proportional to 
the square or to the first power of the amplitude of vibration of the 
sonorous body. They have found that the deviations of the little mirror 
which are proportional to the energy of the sound wave are also propor¬ 
tional to the square of the amplitude of oscillation of the tuning-fork 
used. But the author points out that this does not decide the question 
of the proportionality of the intensity of sound to the first power of the 
amplitude which was sustained by him in 1889. It only shows that 
the mechanical energy of the vibrating body is proportional to the square 
of the amplitude of vibration. The physiological intensity of the sound 
is quite distinct from this, and the author maintains that it is propor¬ 
tional to the momentum and not to the kinetic energy and varies as the 
first power of the amplitude and not as the square. J. J. S. 

1243. Degradation of Acoustical Energy. M. D. Hart. (Roy. Soc., 
Proc. 105. pp. 80-96, Jan. 1, 1924.)—In a homogeneous isotropic medium 
the intensity of sound will fall off with the distance from the source 
according to the inverse square law, unless there is some absorption in 
the medium. Stokes and Rayleigh have shown that absorption by the 
degradation of acoustical energy is to be expected on several counts, 
and will be most marked in the case of large amplitudes. As there is 
no method of measuring intensities direct, experiments in which pressure 
variations at different distances from a source are measured by a hot¬ 
wire microphone are carried out. Assuming that the same relation 
between intensity and pressure holds for finite as for indefinitely small 
amplitudes, the " degradation coefficient ” can be calculated. 

Using a siren with working pressure of only 4 to 5 lbs. per sq. in., 15-5 
per cent, of the acoustic power at a distance of 40 cm. from the source 
was lost before 100 cm. was reached, and a very much greater fraction 
must have been lost between the source itself and 40 cm. For the 
efficient propagation of sound a high intensity at any point is thus to be 
avoided. Even if the above assumption as to the pressure-intensity 
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relation is unjustified, the results enable a lower limit value to be assigned 
to pressure amplitudes above which deviations from the normal pressure- 
intensity relation are not negligible. G. A. S. 

1244. Physical Characteristics of Audition and Dynamical Analysis vf 
External Ear. R. L. Wegel. (Bell System Techn. J. 1. pp. 56-68, 
Nov., 1922.)—This paper discusses some of the characteristics of the car 
which have become important in the design and development of tele¬ 
phone apparatus and circuits. The field of audition bounded by the 
curves of minimum and maximum loudness as functions of frequency, 
has been determined for a large number of cars, and the smaller 
included area most used in speech has been mapped. The nature of 
these fields in certain cases of abnormal hearing has also been deter¬ 
mined and the conditions which must be observed in designing apparatus 
satisfactorily to relieve deafness are discussed. 

The sensibility of the ear is given in terms of the root mean square 
pressure measured by a calibrated condenser transmitter. It is shown 
in the appendix that this pressure is not necessarily equal to that which, 
when applied to the ear drum, would just give rise to the sensation of 
sound. However, it seems to be the nearest approach to the value of 
this pressure which can be determined at present, and. as the dynamical 
properties of the ear become more fully known it is pointed out how the 
relation between these two pressures may be more accurately stated. 

E. H. B. 

1245. Binaural Location of Complex Sounds. R. V. L. Hartley 
and T. C. Fry. (Bell System Techn. J. 1. pp. 33-42. Nov., 1922.)— 
Much has been written and experimentally investigated on the subject 
of the binaural location of pure tones, but the case of complex sounds 
has received little attention in recent literature. The attempt is here 
made to bring out the main features involved in extending the theory of 
the binaural location of pure tones to cover, qualitatively at least, the 
location of complex sounds. This discussion is theoretical but non- 
mathematical. It is assumed that the location of complex sounds 
involves three processes: (1) The resolution of the sound into its com¬ 
ponent pure tones. ( 2 ) the independent (usually subconscious) location 
of each component, and (3) the formation of a conscious judgment of 
the position of the source based on the locations of the source of these 
individual components. If these sources of components coincide, the 
accuracy of location and sense of certainty are increased. If they do 
not confusion arises, subconscious corrections are called for, and the 
final result is likely to depend very considerably on the psychological 
processes and individual prejudices of the particular observer. E. H. B. 

1246. Wood Vanes in Phonograph Homs. W. R. Barss, J. A. 
Abbott, and H. M. Chatto. (Mass. Inst. Technology, J. 3. 1. pp. 52-62, 
Jan. k 1924.)—The intensities of sounds of frequencies varying from 
100 to 1000/sec. emitted by a phonograph horn without vanes are com¬ 
pared with those emitted under similar conditions by a horn having 
several wood vanes running from front to back. Except between 600 
and 800/sec. the latter horn gives the greater intensity ; it also gives 

a quality more pleasing to the ear. . G. A. S. 
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ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 

ELECTRICITY. 

1247. Electronic Conduction in Metals. A. Bramley. (Phil. 
Mag. 46. pp. 1053-1073. Dec.. 1923.)—The author’s objective is the 
derivation of the law of force which is operative near the nucleus in the 
Rutherford atom and the explanation of the doublet structure assumed 
by J- J. Thomson in his electronic theory of solids, which has been 
gradually superseding the free electron theory, owing to the insurmount¬ 
able difficulties encountered by the latter in phenomena observed by 
Kamerlingh Onnes at low temperatures. Starting with the potentials 
defined in the equations 

V l 4> - 1/c 2 . Wjd/hfi = - p and V 2 U - l/c 2 . W/tf = - pV/c, 

he first calculates the magnetic and electric forces at any point 
in space due to the revolution of an electron in a circular orbit 
with constant angular velocity about a positive nucleus. The field 
so obtained corresponds to that produced by the simplest Bohr 
atom—hydrogen—when the single electron is in the non-radiating 
state, moving in a quantum ring, the electric and magnetic intensities 
at any point being functions of period equal to that of the 
electron. A. Riemann time space is assumed and the space supposed 
to be calibrated, as suggested by Wcyl. by a definite measuring rod 
placed at each point, and recalibrated by a new set of standards such 
that the length of the new standard relatively to the former one 

satisfies the equation /' = A/ where A = A(xj, x 2 . x 9 , xi). Then the 
metric will be characterised relatively to a system of reference by a 
quadratic differential form, ds 2 = 'Lgijdx'dxi, and a linear one, 
d<f> =» Ijfiidx*, provided A be so chosen that dtf> * 0, which will make / 
independent of the path. The conditions for this are the vanishing of 
six equations of the type = 0. If then’s were electro¬ 

magnetic potentials, these would give precisely the three components of 
the electric and magnetic forces which are zero in this case. Natural 
phenomena being independent of the coordinate system, or of the 
standards of length, all quantities or relations representing these analyti¬ 
cally must contain the functions and ipi in such a way that invariance 
holds, for any coordinate transformations, and for the substitutions 
which replace g if and (/ 2 by A g if and ip 2 — * log A/d* 2 . Given the g‘ s 
and ip’s, the co-ordinate and calibration invariance determine all the 
physical properties of the manifold. The author assumes the latter 
such that the trajectories considered are geodesics in the manifold, as 
tacitly assumed by Einstein, and is really a device for integrating the 
equations. It is shown that g i} = 0 or p for i =f*/ and i = j, respectively, 
so the manifold is Euclidean. From Hamilton’s principle applied to the 
charge of coordinates he draws the conclusion [see L. P. Eisenhart, 
Nat. Acad. Sci. Proc. Jan., 1923] that the laws of perfect fluids, which 
follow from the invariance, must be valid in all Riemannian manifolds 
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{e.g. the law of continuity holds good). This is the case also for the 
whole of the dynamics of material systems, and when there is calibration 
invariance also, the laws of the electromagnetic field arc found to be 
consequences of the invariant nature of the equations. The form of the 
kinetic energy (so-called energy tensori for an electron under the influence 
of a positivo nucleus is then immediately derived. Schwarzschild's 
solution for a particle in the gravitational field of a spherical particle 
by simply substituting e for m. The author then uses Schwarzschild’s 
line element to transform Einstein’s equation so as to pass from discrete 
particles to a continuous medium and. utilising previous results of his 
own and of Eisenhart and Veblen. derives the conclusions that the 
inverse square law holds only in systems free from energy radiation, so 
that when present Maxwell’s equations require modification, in accordance 
with Bohr’s theory. In open orbits, e.g. an a-particle approaching an 
atomic nucleus. Rutherford's experiments show that the inverse square 
law cannot hold. The form of the author’s differential equation accords 
with Rutherford’s experiments making the electric intensity infinite in 
the region of the nucleus, and a change of sign of the intensity in the 
immediate vicinity of the singular shell accounts for all the negative 
changes in the universe not having been neutralised. The universe of 
the nucleus, received from within, would seem spatially infinite, the 
region beyond r = 2 e being shut oft by a barrier of space and time. 
Taking an electron on the boundary of the region r = 2e, and letting it 
move under the action of the nucleus, it will fall towards the latter, 
coming to rest on the singular shell which it cannot pass, so that there 
is in the system a stable electric doublet composed of the nucleus and 
the electron, whose moment is M * 10-** electrostatic unit. This stable 
doublet is assumed by J. J. Thomson in his work on electronic conduction. 

1 he effect of the external field on the direction of the doublets gives 
qualitative results agreeing with experiment at all temperatures. 

G. W. de T. 


1248. Equilibrium and Deformation of Conducting Systems Traversed 
by Currents and of Magnetic Bodies without Hysteresis. A. Ltfnard. 
(Ann. de Physique. 20. pp. 249-360. Nov.-Dee.. 1923.)-The present 
study is a continuation of previous investigations of the electromagnetic 
energy and thermodynamic potential of a system of currents in presence 
of magnetic substances void of hysteresis (sec Abstract 1688 (1921)1. 

™ T** T iS . n ° W ca,cu,atcd * or a displacement with or without 
deformation of such a system. The classical electrodynamic hypotheses 
are utilised on the assumption of closed circuits and instantaneous pro¬ 
pagation. Comparison of the results is made with those of electrostatics 
where it is shown that, notwithstanding the initial difference in the 
expression for the thermodynamic potential in the two cases, the results 
may be expressed in identical form. The Heaviside units are used, and 
vector notation employed, while in. consequence Maxwell's " magnetic 
force has been adopted rather than the usual conception of “ field.” 

ie paper, which is entirely mathematical, contains seven chapters 
dealing respectively with: ( 1 ) Thermodynamic potential of a system 
comprising conductors traversed by currents and near perfectly soft 
magnetic bodies. (2) Evaluation of work done. (3) Equilibrium of a 
magnetic body without hysteresis. (4) Determination of the resultant 
of forces aftd couples acting on a magnetic conducting system surrounded 
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by a fluid medium which is magnetic, insulating, homogeneous, isotropic, 
and incompressible. (5) Study of the deformation of a magnetic wire 
wound in a coil. (6) Pressures in the interior of magnetic bodies void 
of hysteresis. (7) Comparison with electrostatics and applications of 
formula* to certain electrostatic problems, viz. I. The attraction between 
conductors immersed in a dielectric medium which is homogeneous, iso¬ 
tropic, incompressible and at constant temperature. II. Comparison 
with Sacerdote's results upon electric deformations of dielectrics [Thesis 
and " Ann. Chimie et Physique,” 1900, 7 e serie, 20 pp. 289-377]. 
Seven appendices deal with particular problems of pure mathematics 
raised in the course of the investigation. H. H. Ho. 

1249. The Analogy between Electromagnetic and Influence Machines ; 

F. Ollendorff. (Elckt. Zeits. 45. pp. 210-213, March 13, 1924.)— 
In this paper the results of previous work by the author [see Abstract 120 
(1924)] on influence machines are compared with analogous known data 
for electromagnetic machines, and a close relationship found to exist 
between the two groups of machines. In particular the characteristics 
of influence transformers, synchronous and commutator machines arc 
discussed. H. H. Ho. 

1250. The Analytical Treatment of the Fundamental Problems of 
Electrostatics. K. Hillebrand. (Phys. Zeits. 25. pp. 8-13, Jan. 1, 
1924.)—The proposals of C. Neumann of the so termed element considera¬ 
tions and clement potentials and their applications by him to plane 
curves, arc now shown to afford, on rational application to three-dimen¬ 
sional space, the possibility of solving in a general manner the funda¬ 
mental problems of electrostatics, i.e. the equilibrium distributions upon 
conductors of any given form. By this means the parameter repre¬ 
sentation of surfaces and the coordination of their points to spherical 
coordinates can be so chosen that magnitudes and relationships occur 
which admit of very simple geometrical treatment for the elucidation of 
physical significance. The paper is mathematical throughout. H. H» Ho. 

1251. The Absence of Ionisation by Electrons with Speeds Comparable 
with that of Light. W. F. G. Swann. (Phil. Mag. 47. pp. 306-319, 
Feb., 1924. Paper read before the Am. Phys. Soc., 1922.)—The main 
interest of the problem here discussed lies in its relation to certain types 
of theories of the earth’s electric charge, in which the replenishment of 
the charge lost by conduction through the atmosphere comes about in 
virtue of the agency of high-speed electrons shot into the earth from 
outside. These theories arc briefly reviewed [see Abstract 230 (1920)3* 
in all of such the following fundamental difficulty being inherent, viz. 
The maintenance of the earth's charge necessitates the assumption of 
an entry of electrons to about 1500 per sq. cm. per sec. Now, it is known 
that for electrons travelling with speeds 95 % of that of light, each one 
produces about 40 ions in each cm. of its path, so that, on this basis, 
a rate of production of about 60,000 ions per c.c. per sec. near the earth s 
surface should be expected, whereas actually ions are produced to only 
one ten-thousandth of this amount, and such ions as are produced may 
be satisfactorily accounted for by other causes. The present paper 
attempts to overcome this difficulty by discussing the mechanism of the 
ionisation in terms of classical dynamics. It is shown that there is 
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mutual consistency between the phenomena in the statement that if 
corpuscles should enter the atmosphere from outside, in the equatorial 
plane, with energies sufficient to enable them to reach the earth’s surface 
in spite of the earth’s magnetic field, which would tend to return them 
to space, they would pass right through the atmosphere with but little 
absorption, and would fail to ionise the air through which they passed. 
An appendix deals with mathematical details under the headings: 
Concerning the form assumed by Sir J. J. Thomson’s theory of ionisation 
when the speed of the corpuscles approximates to that of light ; Regarding 
considerations arising from the finite size of the electron ; Concerning 
the path of a corpuscle entering the atmosphere in the equatorial plane 
of the earth's magnetic field ; Concerning conclusions to be drawn from 
M. Bohr’s theory of the " Decrease of velocity of swiftly moving Electrified 
Particles in passing through matter.** H. H. Ho. 

1252. Atmospheric Ionisation. A. Gockel. (Phys. Zeits. 24. 
pp. 600-503, Dec. 1 and 15. 1923.)—A review of data relating to the 
electrical state of the atmosphere in relation to meteorological data 
leads the author to think it probable that cosmic radiation influences 
atmospheric ionisation. [Abstract 2373 (1923).] W. A. R. 


1253. Air-Earth Currents and Others. F. Sanford. (Science. 59. 
pp. 194-190, Feb. 22, 1924.)—Replies to certain criticisms of an earlier 
paper [Abstract 1919 (1923)] made by L. A. Bauer, and proceeds to extend 
the argument to the diurnal variation of potential gradient, the annual 
variation alone having been considered in the first article. Then directs 
criticism at Bauer’s work on vertical electric currents in the atmosphere, 
particularly the results given in the paper dealt with in Abstract 098 
(1921 >* M. A. G. 


DISCHARGE AND OSCILLATIONS. 

„ Th \ Con ™ ctlon Neutralisation of Nuclei and Secondary 

Radiation ^th^Rays and Canal Rays. E. Ruchardt. (Ann. d. Physik. 
a 1 ^ p P - 228 ” 236 - J an * 1924.)—The author has recently published a 
H atom ran?" 1 r on thc transformation of homogeneous 

T T Abstract 2474 (1923)]. He has also attempted a 

theoretical explanation of these phenomena [see Abstract 1924 (1923)] and 
the same question has been considered by Wentzel. who has arrived at 
similar conclusions. It is considered that further work is required on 

and canaI rayS ‘ There a PP eara to exist a parallelism between thc 
transformation and the ionising tension. The transformation process 

u?hiuT», He++ has " ot b T e T en obs erved in the region of the canal rays, 
while the processes H - H + and He - He + are quite normal up to small 
velocities. The ionising tension of He + is nearly four times greater than 
that of H-atoms and nearly double that of neutral He-atoms. It can be 
assumed that m canal rays He ++ is formed, but that with the small 
ve ocities the hfe-penod of the a-particles is so small, the taking up of 
electrons follows so quickly, that the concentration of these particles is 
° ^i Vei T S . I J a ' H+ ions and He + ions also have, at proportionately 
smaU vdocities, a not inconsiderable concentration, still this likewise 
diminishes with diminishing velocity. AEG 
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1255. The Kinetic Energy of Electrons Emitted from a Hot Tungsten 
Filament in an Atmosphere of (a) Argon , (6) Hydrogen. J. F. Congdon. 
(Phil. Mag. 47. pp. 458-465, Feb., 1924.)—Recent experiments by Jones 
(see Abstract 1941 (1923)), Germer and Potter [see Abstract 316 (1924)] 
have shown conclusively that the electrons emitted from hot metals in 
vacuo possess kinetic energy in accordance with Maxwell's distribution law, 
This paper deals with experiments on the kinetic energy of the electrons 
emitted from a hot tungsten filament in (a) an atmosphere of argon, 
(6) hydrogen. The apparatus used was similar to that used by Potter 
(loc. cit .) and the method of measuring the kinetic energy of the electrons 
that employed by Jones {loc. cit.) in the latter part of his work. It was 
found that the average energy of the electrons emitted from a hot tungsten 
filament in vacuo is in close agreement with the requirements of Maxwell's 
distribution law. The presence of argon over a wide range of pressures 
has no effect on the measured average energy, but the presence of hydrogen, 
even at low pressures, appears to increase the measured average energy 
considerably, whilst maintaining the linear relation of the (log i/i 0 , V), 
curve. Hydrogen, therefore, has some property not possessed by argon. 

. H.H. Ho. 


1256. The Thermodynamics of Thermionic Emission. C. Davisson. 

(Phil. Mag. 47. pp. 544 549, March. 1924.)—The usual procedure to avoid 
difficulties in applying the principles of thermodynamics to the thermionic 
properties of hot bodies is to assume that the temperature of the system 
is kept so low during the reversible changes that no very great number 
of electrons is present in the gaseous state. The intensities of the electric 
field approach zero as the space-charge is reduced, assuming the net charge 
of the system zero, and at sufficiently low temperatures the gaseous 1 
electrons will be almost uniformly distributed. It is assumed in the 
simple argument that all changes take place at temperatures for which the 
variations in electron density may be disregarded. With this limitation 
the problem becomes that of an ordinary saturated vapour, and the 
vapour pressure (molecular or electronic) is given by p = ATe / ' u,/ * Tl * 
where A is a constant. W the work required to transfer a single particle 
from the condensed to the gaseous state, and h is Boltzmann's gas constant. 
This result is combined in the thermionic problem with a theorem of the 
kinetic theory to give, i = as the relation between T and 

t, the current-density of emission. Strictly, the temperature restriction 
should be carried over into the argument, and. while there is not much 
question as to the correctness of the usual extrapolation to higher tempera¬ 
tures, the deduction is now presented in a form in which the temperature 
restriction is entirely avoided. . H. H. Ho.“ 

1257. Statistical Equilibrium with Special Reference to the Mechanism 
of Ionisation by Electronic Impacts. R. H. Fowler. (Phil. Mag. 47; 
pp. 257-277, Feb., 1924.)—In a number of recent papers, the earliest by 
Klein and Rosseland [see Abstract 701 (1921)], it has been shown that 
the study of specific atomic processes of energy exchange in quite general 
terms, is likely to prove exceedingly fruitful. The theory of collisions of 
the first and second kind by the above authors is now discussed and further 
amplified. It is shown what type of relations can be strictly deduced 
in the case of atoms, with more than two stationary states, also how to 
formulate the theory when the atoms are no longer assumed to be of infinite 

VOL. XXVII.-A.- 1924. • • ,/._!)/ 


ELECTRICITY AND MAGNETISM. 


441 


mass. The same ideas are then extended to the mechanism of ionisation 
by collision. The reverse process is a three-bodv collision and the necessary 
frequency relation is determined. The theory and experimental results 
of ionisation by /*-particles is next applied to deduce the form of the 
frequency function for one of these processes (ionisation) and the frequency 
function for the other is derived. Finally, the relative importance of 
collision and radiotive processes is formulated and discussed in a number 
of cases for gaseous assemblies. It is shown that either type may be 
dominant. .. ,, 


1258. Photoelectric Action in Rock-Salt Crystals. J. Bingcl. (Zeits 
f. Physik, 21. 4. pp. 229-241. 1924.)—- Photoelectric currents " in natural 
and artificially coloured rock salt were measured by Kontgen's method. 
1 ‘ere were thus made use of the same conditions under which were 
produced the simple phenomena of the photoelectric primary current in 
the case of the photoelectric conducting crystals of refractive index higher 
than 2. There was found : (1) Capacity of reproduction of the measure¬ 
ments even after weeks, (2) linear connection between current and potential, 
no sign of saturation even with field strengths of 50.000 volt/cm., (3) pro¬ 
portionality of the current to the light energy. (4) additive law with partial 
illumination. The observations leave it undecided whether actual photo¬ 
electric conduction or polarisation of the dielectric is concerned. A 
comparison of the results with the quantum equivalent law rather supports 
conduction. At least displacements over only molecular distances are 
excluded. A falling-off with time of the photoelectric currents is due to 
the establishment of an opposing field. This decrease was proved by 
KOntgen and a quantitative account is given of it by the author. J. J. S. 


1259. The Normal and Selective Photo-Effect of the Alkali Metals. 
K. Farwig. (Zeits. f. Physik. 21. 1. pp. 38-46. 1924.)—An account is 
given of various measurements which confirm and extend the observations 
made by Pohl and Pringsheim in 1910 on the normal and selective photo- 
effects in the case of the metals potassium, sodium, and rubidium. The 
account given by Pohl and Pringsheim of the superposition of the two 
effects is shown to be correct. , , o 


vr ? 2 r t °\l he0ry , ° f Posiiive lons and Seirans Emitted by Glowing 

: u« e ‘, ( euss ; Akad * Wiss - Ber,in ' Ber - 32 ‘ PP- 334 

348 1923.)—This is a theoretical paper mainly of a mathematical nature. 

C,oet/. has recently published the results of some experiments on the 

behaviour of negative saturation currents at the melting point or other 

di l s a cussed POm ^ C ° nducting bodies - The theory underlying this is 

A. E, G. 


1261. The Theory of the Electronic Current by Impact Ionisation. 
. HC18. (Phys. Zeits. 25. pp. 25-41. Jan. 15. 1924.)—For discharges 

in dense gases, under which the potential difference of the electrodes 
amounts to a large multiple of the ionisation potential, Townsend’s 
expression for the electronic current is in good agreement with observa¬ 
tion (see Abstract 918 (1916)]. With the inert gases, however, a small but 
real deviation occurs (see Abstract 1440 (1923)]. When the electrode 
distance is comparable with the free path of an electron, and the 
potential^ difference with the electron is a multiple of the ionisation 
voi.. xxvii.— a.—1924. 2G 
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potential, then an electronic increase definitely ensues by collision in 
discontinuous manner. Under these circumstances the Townsend expres¬ 
sion is no longer valid, and so is inapplicable for the quantitative 
examination of procedure in discharge tubes where less than 1U0 volts 
are used and in which the kathode fall can only amount to a small 
multiple of the ionisation potential. In the present paper Townsend’s 
theory is extended to include this case and that of the inert gases. The 
basis of the theory is exhaustively discussed and a mathematical treat¬ 
ment included, satisfactory comparison being then made with the experi¬ 
mental data. In conclusion the author remarks that the theory of the 
electronic current is an essential basis for the theory of the discharge 
mechanism in gases. The structure of the electronic current also forms 
the skeleton for the spatial arrangement of the optical phenomena during 
gas discharges. It is. however, impossible to establish a satisfactory 
theory of the latter until the behaviour of ions can be quantitatively 
described in like manner to that for electrons. H. H. Ho. 


1262. A New Method of Determining Radiating and Ionising 
Potentials not Necessitating Low Pressures. W. J. Clark. (Univ. of 
Durham Phil. Soc., Proc. 6. 5. pp. 312-322. 1922-1923.)—If the molecules 
of a gas are subject to bombardment by an electron stream, any 
encounters taking place do not involve interval molecular absorption of 
energy unless these electrons possess an amount of energy equal to or 
greater than V,e. where e is the electronic charge and V, the first radiating 
potential of the gas. In the latter case, such encounters result in energy 
transference sufficient to bring about displacement to less stable orbits, 
of valency electrons of the molecular systems affected, and hence diminu¬ 
tion in velocity of the bombarding particles. The present investigation 
relates to the changes occurring both in the velocities of the electrons 
constituting a current passing through a gas, and of the value of this 
current under suitable conditions, in order to afford experimental evi¬ 
dence of the existence of radiating potentials. Details of apparatus are 
included for a modified procedure to that usually employed, certain 
advantages being claimed, viz. the pressure need only be of the order 
of 1 mm. with consequent reduction of the magnitude of disturbing 
effects due to impurities or mercury-vapour, and obviating the necessity 
of keeping a constant stream of gas at low pressure circulating through 
the experimental tube. The paper concludes with a description ot 
experiments made to eliminate the effects most likely to mask the true 
ionising potential, viz. photoelectric action and premature ionisation, 
and the negative current which persists if the gas pressure be not sue 
that all electrons gaining energy corresponding to V f arc subject to 


effective collisions. 


H. H. Ho. 


1263. Further Studies in Ionisation : Hydrogen and Oxygen. H. 
Smyth. (Roy. Soc., Proc. 105. pp. 116-128, Jan. 1. 1924.)—Recently tne 
writer describcd a new method [see Abstract 2241 (1923)] for studying tne 
ionisation of gases by electron impact and now presents data for hydrogen 
and oxygen. Both apparatus and procedure were identical with those use 
previously for nitrogen. It is found that ionisation in hydrogen at aboU 
16-5 volts is not accompanied by dissociation as has been genera y 
supposed. Atomic hydrogen atoms are first produced at a P 0 "* 
4-25 rfc 0-06 volts higher than that at which molecular ions first app e • 
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The proportion of atomic ions remains very small up to 720 volts, tlu* 
highest value used. If sufficiently high pressure l»c employ cel atomic ions 
predominate over molecular ions and appear at approximately the same 
voltage. This is interpreted as a secondary effect due to collisions of the 
ionised molecules with other molecules resulting in dissociation. Results 
are obtained in oxygen similar to those previously found in nitrogen. 
Molecular ions are produced at about 15 *5 volts, doubly and singly charged 
atomic ions at about 7 and at 7*5 ± 0*2 volts higher, respectively. It is 
pointed out that these results can be interpreted by thermochemical 
equations such as were used for nitrogen, but that the results on hydrogen 
make the value of this procedure doubtlul. A sharp increase in the pro¬ 
portion of atomic ions was found in the neighbourhood of 500 volts, but 
this result was greatly affected by the value of the magnetic field in the 
ionisation tube. H. H. Ho. 

1264. The Ionisation of Salt Vapours. W. M. Latimer. {Am. Chem. 

Soc., J. 45. pp. 2803-2808, Dec., 1923.)—The heats of ionisation in the 
vapour state are calculated for the halides of hydrogen and the alkali 
metals. The ionisation constant calculated from this is found to be very 
small; for sodium chloride at the boiling-point it is 4 x 10“ i3 . The 
fields of force about the ions may be deduced from spectroscopical measure¬ 
ments, but the author shows that the heats of ionisation cannot be cal¬ 
culated by any method which treats the ions as rigid structures, as assumed 
by Born and his associates. B. \Y. C. 

1265. Electrical Conductivity of Phosphores and their I.ight Emission. 
B. Gudden and R. Pohl. (Zeits. f. Physik, 21. 1. pp. 1-8, 1924.)—The 
authors disagree with Lenard. who is of the opinion that the conductivity 
produced in phosphores is not connected with phosphorescence, and their 
emission of light is unconnected with their conductivity. The authors 
[Abstract 914 (1921)) showed that there was a close connection and that 
both in excitation and emission a spatial movement of electrons takes 
place. When an elementary process ( hv) occurs, an excited molecule 
remains as a positive ion. the electrons flowing towards the anode when 
liberated. The positive ion may also move slowly towards the kathode, 
but in a perfectly insulating crystal this does not occur and hence only 
half the quantum equivalent of electrons is obtained. The latter motion 
may, however, be caused by heating or by illumination by light of a 
frequency corresponding to the absorption spectrum of the crystal. 

Large crystals should be employed, but phosphores are difficult to obtain 
in this state. The electronic cuirent A remains constant so long as the 
supply of unexcited centres is nearly unaltered and a second current, as 
above, may be added, but usually the available centres arc exhausted. 
The phosphores ZnSCua. ZnSMn, and ZnSCuy were investigated. The 
initial current is measured under illumination of wave-length 436 m/i. 

1 his primary current reaches a steady value with the period of vibration 
of the electrometer, while with all three phosphores the current was 
roughly doubled when red light was used at the same time. 

The results are compared with the experiments of Rupp [Abstract 1658 
(1923)1, who increased the emission, not by longwave-length radiation, but 
by heating, and showed that the total quantity of electricity would reach 
a saturation value with increasing voltage. This is supposed by the authors 
to confirm their view that the motion of the electrons in an electric field 
VOL. XXVII.—a.—1924. 
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is identical with the mechanism of the photoelectric primary current. 
The authors criticise the calculations of Rupp concerning the currents 
observed by him on the grounds that he has, for instance, neglected the 
influence of the grain size of the crystals, while it is possible that, by 
heating, only the positive portion of the primary current may be released 
and the observed effects are still to be deduced on the assumption that 
quanta and electrons correspond to each other. Hence it is a matter of 
indifference whether the emission is increased by heating or by illumination 
with red light, the required saturation being also obtainable by the latter 
means. W. V. M. 

1266. Electric Discharge of very High Frequency . C. Gutton. 
(Comptes Rend us, 178. pp. 407-470, Jan. 28, 1924.)—A continuation of 
previous work [Abstract 2240 (1923)] on high-frequency discharge in glass 
tubes containing dry air at low pressure; curves have been obtained 
representing as a function of the pressure, the difference of potential for 
which the tubes become luminous. 

For periods al>ove a certain critical period there is a pressure for which 
the difference of potential passes through a minimum, but for lower periods 
this minimum disappears, the difference of potential for which the discharge 
appears diminishing continually with the pressure. This diminution 
becomes very rapid at about the pressure which, for higher frequency, 
corresponds to the easiest passage of the discharge. Thus for wave-length 
27 m. the difference of potential for which the tube is illuminated decreases 
as the pressure falls from 0-5 mm. to 0 05 mm, and then it increases 
rapidly for decreasing pressures to 0 003 mm. For a wave-length of 
25 m. the difference of potential causing illumination decreases con¬ 
tinuously with the pressure. W. V. M. 

1267. Discharge in Rarefied Gases. A. Pontremoli. (N. Cimento, 

20. pp. 115-121, Oct.-Nov.-Dec.. 1923.)—After referring to the experi¬ 
ments of Wood [see Abstract 546 (1922)) with long tubes containing 
hydrogen, this paper discusses the subject generally, the part played by 
traces of water-vapour being discussed at some length. A. E. G. 

1268. Mechanical Force and Field Strength at the Kathode in a Discharge 

Tube. W. Braunbek. (Zeits. f. Physik, 21. 3. pp. 204-218, 1924.)—It is 
shown that the force exerted on the kathode in an electrical discharge tube 
is due to an electric force, depending on the field intensity at tho kathode, 
and an aerodynamic force which is due to pressure differences set up >n 
the gas and the gas currents arising therefrom. A method is described 
which aims at the elimination of the force due to gas currents and measures 
only the electric force. From the value of the electric force (measured 
as mechanical pressure on the kathode) the field strength at the kathode 
was determined. For normal current-densities with a copper kathode in 
air the current-densities, mechanical force, and field strength were deter¬ 
mined as a function of the pressure. The force for different pressures was 
found to be proportional to the normal current-density. From the normal 
kathode fall the mean field intensity in the dark-space was determined and 
compared with the field intensity at the kathode. The latter is always 
greater than the former. • A. B- W. 

1269. The Dark Space at the Kathode for Induced Discharges - E- 
Goldstein. (Zeits. f. Physik, 21.4. pp. 262-253. 1924.)—In the." 
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buch der Radioaktivitat und Elektronik." Seeliger has treated the sharp¬ 
ness of the boundary of the dark space at the kathode as a still unsolved 
riddle. The present author, however, claims to have settled this question 
long ago (see Abstract 101 (1901)] in the explanation then proposed for 
the occurrence of the dark space. He now sketches the essence of his 
theory on account of the general ignorance prevailing with respect to its 
existence. The dark space and the sharpness of its boundaries is held 
to depend on three facts: (1) From the static kathode proceed the 
ordinary (primary) kathode rays, which are free to move along their whole 
length and at the other terminus (Hittorf). (2) Every primary kathode 
ray is subject to a diffusion in the gas through which it passes whereby 
secondary radiation is formed (Lenard. Goldstein). (3) The kathode 
exerts a repulsion on all kathode rays (primary and secondary) (Gold¬ 
stein). The author has explained the case of strong evacuation by 
means of this repulsion, whereby the primary kathode rays produce 
bright phosphorescent light where they strike the glass wall. At high 
densities only the gas particles are illuminated by them and their energy 
so abstracted. The argument is then developed that the dark surface 
on the glass wall is only developed for small gas densities. The so-called 
Crookes' dark space is then sflown to be a repulsion phenomenon and the 
boundary up to which the diffuse radiation is continued is the sharp 
edge of this space. H. H. Ho. 

1270. Normal Kathodic Stream-Density. R. Seeliger and J. 

Schmokel. (Ann. d. Physik, 73. 3-4. pp. 249-265. Jan.. 1924.)- 
Holms’ law of potential-similarity (sec Abstracts 1311 (1915) and 331 
(1919)] as to the normal density of kathode-streams is contradicted by 
measurements on spherical kathodes. A. D. 

# 1 • # il \ M ^ k ( # 

1271. Calculation of Normal Kathode-Falls in Gas Mixtures. A. 

GUnther-Schulze. (Zeits. f. Physik. 21. 1. pp. 50-69. 1924.)—The 
author has already (sec Abstract 2476 (1923)] published results obtained 
for the normal kathode-fall in gas mixtures. Some hypotheses have also 
been formulated on the kathode-fall in pure gases. In the present paper, 
by the aid of this former work, an attempt is made to calculate the normal 
kathode-fall in gas mixtures. A table is given showing the close accord 
between the calculated and measured values of the normal kathode-fall 
in Hg-Ar mixtures, using a graphite kathode. Mixtures of the noble gases 
with other gases are also considered. The results are shown by a series of 
graphs. . A. E. G. 

1272. Doppler Effect in Line and Band Spectra of Canal Hays. 

H. Rau. (Ann. d. Physik. 73. 3-4. pp. 266-271. Jan., 1924.)—A new 
method, conducive to facility and to comprehensiveness. A. D. 

1273. Photographic Action of Canal Rays. M. Jakobson. (Ann. 
d. Physik, 73. 6-6. pp. 326-338. Feb.. 1924.)—After a brief historical 
survey of work on the subject, this paper contains a detailed account 
of the apparatus employed, with a diagram showing the most Important 
part of the final research arrangements. The other main parts of the 
paper are: The photographic material and its method of action ; the 
separation of the direct action of the canal rays from the influence of 
the light sent out by them ; the character of the photographic influence of 
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canal rays. With very small times of exposure the canal rays cause a 
blackening which does not differ in principle in any way from the black¬ 
ening produced by light. With increased time of exposure the blackening 
increases up to a known limit. The maximum blackening produced by 
the canal rays is much weaker than that produced by the action of light 
on the same kind of plate. Apparently the canal rays penetrate only 
into small depths of the light-sensitive layer. With longer time of expo¬ 
sure an appearance similar to solarisation is noticed. In the middle 
point of the blackened spot at the place where the most intense part of 
the canal rays falls a white spot appears after development. These 
solarisation appearances have already' been observed previously by 
Konigsberger and Kutschewski. Finally, when the time of exposure is 
still further increased, a further photographic influence of the canal 
rays is observed ; within the white spots there enters after development 
a kind of island blackening. Photographs showing these points are 
g» vcn - A. E. G. 

1274 .Mass-Spectra. Part. V . Accelerated Anode Rays. F. W. Aston. 
(Phil. Mag. 47. pp. 385-400. Feb., 1924.)—A continuation of the work on 
mass-spectra from the end of 1922. The principal obstacle was the difficulty 
of producing the mass-rays of the metallic elements ; only tellurium of the 
non-metallic non-radioactivc elements has failed to give a mass-spectrum. 
Iwo new methods have been tried, (a) drawing out ions from metallic 
arcs and (6) using accelerated anode rays. 

(а) An interrupted arc was formed by causing an iron wire to vibrate 
over the edge of a brass plate. In this way a strong discontinuous arc 
could be maintained for long periods, in a good vacuum. Attempts were 
then made to draw out ions using high potentials rectified through a valve, 
but without success, possibly because the fields employed, although very 
large, were not as high as local fields in the arc. 

(б) A hot-anode method had already been applied in order to obtain 
the mass-spectra of the alkali-metals. The method now described is that 
of the composite anode of graphite and metallic salts. 

In the final form of the apparatus the composite anode is carried in a 
pyrex tube, arranged so as to be easily withdrawn through the tube. A 
subsidiary kathode is opposite the anode, with a hole drilled, through 
which the anode rays may pass. This was mounted just in front of the 
earthed kathode of the mass-spectrograph. A rectified field was then 
put on through a valve, between the two kathodes, so as to accelerate 
the anode rays. A description of the procedure in obtaining an exposure 
is given. The working of the graphite paste anode is exceedingly 
capricious, but on favourable occasions has worked well, and is very 
widely applicable. The photographs are very faint, and sharp focusing 
is not possible, as relatively low exciting voltages must be used, so that 
they do not lend themselves to reproduction. But interpretation is easy, 
as practically no molecular lines appear, and a sufficient number of atomic 
lines are always present for reference, the most important being C 12 , Al 27 . 
Si 28 , Fe 66 , F27. Li, Mg. Ca. Ge, Cu. Sr, Co. Sc, Mn, Ga. V, Cr, Ti, Ag, Y. 
Zr, and Hf were attempted by this method. The results given are: 
Sc 46 ; Ti*® ; V® 1 ; Cr® 2 ; Mn®® ; Co®®; Cu« and Cu«®; Ga®* and Ga 71 1 
Ge 74 , Ge 72 and Ge 70 ; Sr 8 ® ; Y 8 ®; Ag 1 ® 7 , and Ag 1 ®®. Unfortunately the 
Ti, Zr, Hf group seems the hardest group to deal with ; a faint suggestion 
of a line at 90 was seen, for Zr, but no trace of any Hf line. Experiments 
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with niobium, molybdenum, cadmium, and lead were negative. A slight 
trace of a Ba line was found in the expected position [sec Abstract 673 
(1924)]. A. CM. 

1275. Experiments with a "Glim” Lamp as a Detector of Ionising 
Radiations. O. v. Baeyer and W. Kutzner. (Zcits. f. Physik, 21. 1. 
pp. 46-49, 1924.)—The usual apparatus for detecting ionising radiation 
has disadvantages. For example, the Geiger counter is easily damaged and 
the space through which the radiation must pass is limited. A glow-lamp, 
or best of all a so-called microphone lamp, is easy to use. and when con¬ 
nected in series with a high resistance (1-10 megohms) to a circuit at 
150-200 volts it lights up on the entry of the radiation. In order to 
arrange for its extinction a condenser is included. Arranging so that 
no oscillations occur, the lamp, having a U-shapcd iron anode with an 
iron plate as kathode, lights up irregularly on bringing near it a-, ft-, or 
y-ray preparation. The lamp may also be excited by light, and the iron 
shows photoelectric effects for waves which pass through the glass of the 
lamp, eg. in the region of 380 w/x. whereas the usual limit is given as 
287 mfi. A lamp containing potassium showed enormous sensitiveness, 
possibly connected with the radio-active properties of that metal. 

W. V. M. 

1276. Physical Physiology. Illumination of Vacuum Lamps by Friction. 

H. Cardot and H. Laugier. (Comptcs Rcndus, 178. pp. 649-652. 
Feb. 11, 1924.)—The explanation of a mysterious effect is given in which 
lamps containing nitrogen, argon, or neon are made to illuminate when 
in the hand or even at a distance. The effect is shown to be due to a 
frictional charge when the performer has a dry skin ; the effects depend 
upon the humidity of the atmosphere, etc., and were proved to be in some 
circumstances beyond the performers' actual control. B. J. L. 

1277. Oscillations in the Low Voltage Helium Arc. C. H. Eckart and 
K. T. Compton. (Science. 59. pp. 166-168, Feb. 15. 1924.)— R. B5r, 
M. v. Laue, and E. Meyer have recently [see Abstract 615 (1924)] explained 
the apparent maintenance of the helium arc at voltages below the first 
radiating potential. Contrary to the conclusions of Bar, v. Laue, and 
Meyer, the present authors have not found inductance in the circuit to be 
essential, although the presence of inductance or capacity has an effect on 
the frequency of the oscillations and their wave form. Two distinct types 
of oscillation are found in the arc. (1) A type which appears when the 
direct-current voltage across the tube begins to diminish with increasing 
current. This type is characterised by (a) the maximum voltage (about 
28 volts) is above the ionising potential; (6) the minimum voltage (about 
16 volts) is below the first radiating potential; (c) the direct-current 
voltage is much nearer the maximum voltage than the minimum ; (d) the 
amplitude of oscillation shows no marked variation as the resistance in the 
circuit is changed. When the direct-current voltmeter reading is reduced 
below about 25 volts, these oscillations stop suddenly, and the arc is main¬ 
tained without noticeable oscillations at about 20 volts. On decreasing the 
series resistance further, the voltage drops a few tenths of a volt, and the 
current rises, but no oscillations are detectable. (2) On further decreasing 
the series resistance oscillations again set in. In this type (a) the maximum 
voltage is above the first radiating potential, and below the ionising 
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poten t,al ; (b) the minimum voltage is below the first radiating potential; 
(c) the reading of the direct-current voltmeter is usually nearer the minimum 
than the maximum voltage; (d) the amplitude showed a marked maxi- 
mum at the minimum of the direct-current voltage curve. An explanation 
ot these phenomena is offered. AEG 


• 1278. The Potential Gradient in the Sodium-Potassium Vapour Arc 
Lamp. F. H. Newman. (Phil. Mag. 47. PP . 603-608, March, 1024.)- 
A sodium-potassium vapour arc lamp similar in principle to the more 
familiar mercury-vapour lamp has been previously described by the author 
.sec Abstract 327 (1923)]. This lamp works with a relatively small applied 
p el —the arc can be struck with 30 volts—and when once the arc has been 
started the fall of potential between the terminals is only 10 volts with 
a current of 1*5 amp. This potential difference is very small when com¬ 
pared with the carbon arc. and is less than that required to operate the 
mercury-arc except the low-voltage arc in mercury-vapour, which acts on 
a different principle. A diagram of the quartz tube used in the present 
investigation is given. The probe method is employed for ascertaining 
the distribution of electron force along the arc of the lamp. The results 
obtained show that the potential gradient along the arc column is uniform, 
anti therefore, as shown by Poisson's law. there cannot be a preponderance 
of ions of one sign or the other in it. The kathode fall—3-8 volts—is 
greater than the anode fall—2-6 volts—but both are small compared 
with the results for other metal electrodes. The small p.d. between the 
terminals of the lamp when it is working is explained by the photoelectric 
effect exhibited by the alloy. • i A. E. G. 


ELECTRICAL PROPERTIES AND INSTRUMENTS. 

1279. Increase of Resistance of a Conductor for Alternating Currents. 
L. Lehrs. (Archiv f. Elektrot. 12. pp. 443-452. Feb. 29, 1924.)—Describes 
in detail apparatus suitable for comparing the resistances of a coil for 
alternating and continuous currents. The currents are adjusted to give 
the same Joule heating effect in both cases, and are measured. The ratio 
of their inverse squares gives the ratio of the resistances. For alternating 
currents of wave-lengths 900. 437. 210. 135. and 115 metres the percentage 
increases over the resistance for a direct-current are found to be 66. 160 . 
254, 330, and 380 respectively. G. A. S. 

il280. Validity of • Ohm's Law for an Electrolyte with High-Potential 
Gradients . M. Wien. (Ann d. Physik, 73. 3-4. pp. 161-181, Jan., 1924.)— 
A more complete account of work previously described rsec Abstract 789 
( 1923 )]- G. A. S. 

1281. The Alteration of the Temperature Resistance Coefficient of Pure 
Platinum under Mechanical Stress. O. Feussner. (Zeits. f. Physik, 
21. 3. pp. 163-167, 1924.)—Describes experiments in which loads, varying 
from 0 to 120 grammes, were applied to a platinum wire of 0 01 mm. 
diameter, placed in an oil bath the temperature of which was raised 
from 0° C. to 100° C., and the resistances were measured and compared 
with those of a similar wire in the same bath, which remained unloaded. 
The ratio ofc,R 100 to Rq was only altered very slightly by the loading. 
When, however, a platinum wire is drawn through a die the temperature 

coefficient is in general considerably altered. , . H. N. A. 
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1282. Electric Polarisation of a Dielectric. G. Jacoby. (Ann. d. 
Pliysik, 73. 5-6. pp. 477-482. Feb., 1924.)—Mathematical supplement 
to former paper [Abstract 143 (1924)). The evaluation of path-radii 
for atoms above the order 2 is indeterminate. a n 


1283. Dielectric Constants of Organic Liquids. F. V. Grimm and W. A. 
Patrick. (Am. Chem. Soc.. J. 45. pp. 2794-2802. Dec., 1923.)—With 
numerous precautions dielectric constants of 35 organic liquids arc found 
at their boiling-points under normal pressure. The authors conclude from 
their results that no generalisation of any value connecting dielectric 
constants with other properties of liquids has yet been formulated. A 
method of evaluating the volume occupied by the molecules in the liquid 
state is suggested and the results are given of applying this to Bakkcr's 
equation for the latent heat of vaporisation. G. A. S. 


1284. I n flue nee of the Support on Measurements of the Surface Resistance 
of Insulating Sheets. R. Dleterle. (F.lekt. Zeits. 45. pp. 132-133, 
Feb. 21, 1924. From the Reichsanstalt).—According to the specifications 
of the V.D.E. tests of surface insulation resistance are to be made on 
specimens of material measuring 12 cm. x 15 cm. x 1 cm. thick between 
two knife-edge electrodes 10 cm. long set parallel to one another on the 
surface at a distance of 1 cm. apart. One electrode is earthed and the 
other raised to a high direct voltage, the leakage current being measured 
by a sensitive galvanometer. The specification further provides that the 
test specimen shall rest on an insulating support and not on an earthed 
metal plate. [See Abstract 335 b (1923).) The flow of current between the 
electrodes consists mainly of the surface leakage, but a certain number 
of lines of flow pass between the electrodes into the sheet; the measured 
current is the sum of these two currents, the second being usually small. < 
it the test specimen be insulated the flow takes place symmetrically 
between the electrodes, whereas if the sheet be laid on an earthed metal 
plate the flow of current in the sheet is distorted. Some of the current 
flowing into the specimen passes to the earthed support and is not 
measured by the galvanometer, and the measured resistance will be too 
nigh The paper gives results of tests to show the magnitude of the 
effect on the insulation resistance of earthed and insulating supports. 
Ihc influence of earthing is greatest when the volume resistance and 
true surface resistance arc of similar order and with thin specimens. 

he effect is negligible in the case of good insulators even if so thin as 
1 mm., but considerable differences may occur in tests on poor insulating 
materials, even if the samples are thick. B. H. 


n w 8 , 5 L R t es,5l i a K nces °f w '*es for High-Frequency Alternating Currents. 
o. wuckei. (Ann. d. Physik, 73. 6-6. pp. 427-456. Feb., 1924.)—To 
measure alternating-current resistances of wires for oscillations of wave¬ 
length varying from about 4 to 6 metres use is made of the fact that 
a .ec er wire system is closed by a suitably chosen end-resistance it 
is equivalent to a system of infinite length, in which stationary waves 
due to reflection from the end are absent. In this case the falling off 
in energy along the wires is connected in a simple way with their resistance 
by equations which are welt known. The greatest difficulty of the method 
is to provide a suitable form of end-resistance, since, to fulfil the required 
conditions, the contributions of the real and imaginary terms must be 
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capable of separate variation. A simple wire or a liquid resistance is 
unsuitable, but a second system of Lecher wires, closed at the end and 
having a condenser in parallel with it, can be made to conform to the 
requirements and is found to be satisfactory. A graphical method gives 
the approximate length of this end-system and the value of the capacity 
of the condenser, which are then adjusted accurately by trial. Such a 
resistance is found to reduce fluctuations in energy due to end reflection 
to a very small percentage, of the same order as unavoidable variations 
due to other causes. 

By a device that is described the falling off in energy along the wires 
is measured, and the resistance is calculated. Results are given for wires 
of constantan. brass, German silver. Nickelin, varying from 0-2 to 1 mm. 
in diameter, for wave-lengths of from 3-9 to 5-5 metres. These agree 
within limits of ±015 ohm/metre with the values deduced from the 
continuous-current resistances, using Zenneck s theory. G. A. S. 

1286. A Com pc mated Shunt for Use with a Vibration Galvanometer. 
H. Schering and G. Reichardt. (Archiv f. Elektrot. 12. pp. 493-497. 
Feb. 29, 1924. From the Reichsanstalt.)—In a.c. bridge measurements 
in which a vibration galvanometer is used as the detector it is desirable 
at the beginning of the test, when the correct setting of the bridge is 
quite unknown, to reduce very considerably the sensitivity of the instru¬ 
ment. Then, as balance is gradually approached, it is required to increase 
the sensitiveness by a series of not too widely spaced steps up to the 
maximum value. The paper describes a new type of compensated shunt 
box which attains the required result. A set of resistances, controlled 
by a rotary switch, are connected up for use in accordance with the 
principle of the well-known Ayrton-Mather universal shunts. Operation 
of the switch at the same lime inserts in series with the whole com¬ 
bination suitable compensating resistances, so that the sensitivity for 
successive positions of the rotary switch is adjusted in a number of 
steps in geometric progression. Such values are chosen as make the 
regulator applicable to galvanometers of high or low resistance whether 
in use with high- or low-resistance bridges. The resistances are also 
designed to produce the required result with the least amount of resis¬ 
tance wire. A table of resistance values for a shunt giving a sensitivity 
ratio of 6 is given together with a schematic diagram of connections. 

B. H. 

1287. Anomalous Behaviour of a Vibration Galvayiometer . E. V. 
Appleton. (Phil. Mag. 47. pp. 609-619, March, 1924.)—This paper 
describes certain peculiar characteristics of a moving magnet vibration 
galvanometer of the Drysdale-Tinsley pattern. Experiments with the 
instrument had shown that, at a fixed frequency, one of two possible 
deflections could be obtained for a given current. A set of curves giving 
the relationship between deflection, current and frequency is reproduced, 
showing the peculiar feature mentioned and also a region of instability- 
In general, therefore, there are three amplitudes corresponding to a given 
current, two being stable and the third unstable. The effect is ascribed 
to the presence of "oscillation hysteresis ># arising from non-linear 
relations between the restoring force acting on the moving magnet and 
on displacement of the latter. Consideration of the design of the gal¬ 
vanometer shows that such non-linear forces are to be expected due to 
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( 1 ) reduction of pole strength of the vibrating magnet with increase of 
amplitude ; (ii) proportionality of restoring force to sin 9 rather than 
to 9: (iii) non-uniformity of the polarising field of the fixed permanent 
magnet. An approximate theory of forced oscillations of the moving 
system, taking these facts into account by means of a correction term 
proportional to 6 3 . is attempted. Regions of stable and unstable oscillation 
are deduced and a set of theoretical resonance curves showing two stable 
amplitudes and one unstable amplitude for a given current arc drawn, 
the latter curves reproducing the characteristic features of those obtained 
by experiment. u 


1288. New Form of Electrometer. F. A. Lindemann, A. F. Linde- 
mann, and T. C. Keeley. (Phil. Mag. 47. pp. 577-583. March. 1924.)— 
The principle of this instrument is the same as that of the quadrant electro¬ 
meter. The needle, however (wliich here really has the form of a needle), 
is fixed to the centre of the torsion fibre, this latter being gripped both at 
top and bottom. This method of suspension enables the instrument to 
be used in any position without affecting its sensitivity or the constancy 
of its zero. In consequence the instrument may be used with great 
advantage in connection with a photoelectric cell for the measurement 
of stellar light values, as both cell and electrometer may be fixed rigidly 
together just behind the focus of the equatorial. The conditions governing 
the sensitivity are worked out in detail, and data arc given with regard 
to one instrument showing that it has about the same sensitivity, but a 
smaller capacity and period, than the ordinary form of the Dolezalek 
electrometer. a a n 


1289. The Significance of Labilisation in the Electrometric Measure - 
ment of SmaU Quantities of Electricity. G. Hoffmann. (Phys. Zeits. 25. 
pp. 8-8 Jan. 1. 1924.)—The charge and deflection of an electrometer 
arc considered in two stages: («) The potential change during the 
narging of a stationary instrument; (6) the oscillations and equilibrium 
-Si™ . A com P ar, son is then made between the thread and quadrant 
AHvlT.! W ' th r f SpCCt t0 thc measurement of small charges. 

,S no ™ taken °* >nstabUity factors (labilisation) to improve 
m CSS . . an 1 f . con stitutcs a new development in electrometric 

urement technique. These factors arc discussed at length. H. H. Ho. 


ALTERNATING CURRENTS AND MAGNETISM. 

The 0 ^ Ic n ulalion °f Conductivity. C. F. Weiland. (Ivlekt. 
a review of P th e , m “T* ' 3 ' 1924 | ~ This P a P er a “™P* lo « ivc 

„ 1 C t ™'*’ and ener Sy relations in alternating-current con- 
ovorf ’ conta ' ns a complete and simple graphical method for the 
fnHniii eV 3 f U ^ °U conduc tivities, which is claimed to be exact and 
inclusive of all the characteristic cases. The paper is entirely mathematical. 

H. H. Ho. 

m f, 2 c 91 \ Ml *n Ua l Im P eda " c ** of Earthed Circuits. G. A. Campbell, 
(well bystem lechn. J. 2. pp. I- 30 , Oct.. 1923.)—A mathematical paper 
w ic the author obtains expressions for the mutual resistance and 
inductance between circuits using an earth return, the calculations being 
on the assumption that the circuits are traversed by continuous 
currents. In the case of horizontal co-planar conductors above, below 
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or on the surface of the earth, the mutual inductance for filamentous 
circuits is expressed by Neumann integrals of comparatively simple form, 
and numerical values of these are readily obtainable from the accurate 
graphs which accompany the paper. The calculated continuous-current 
values are shown to form useful first approximations to a.c. values in 
many practical cases. A. H. 

1292. The Diurnal Fluctuation of the Horizontal Intensity. J. Bartels. 
(Metcorolog. Zeits. 40. pp. 301-305, Oct., 1923.)—The diurnal variation u 
of the horizontal intensity is well suited to be the measure of the mean 
value of the earth's magnetic activity during longer intervals of time. 
To the hitherto brought forward measures u is to be preferred on account 
of its somewhat greater regularity at the various stations and of the 
far easier calculation which in case of necessity can be referred to the 
estimated middle of the day. The correlation with the relative numbers 
of sunspots is very close. As universal measure the daily variation U 
of the perturbation is proposed. It is calculated from the north 
component X for each station at U = w(X) : sin 0cos ip. J. J. S. 

1293. Effect of Shape of Magnet on Remanent Magnetism. A. Michel 
and L. Veyret. (Rev. Gtn. dfil. 15. pp. 43-52. Jan. 12. 1924.)—A. 
study of the horse-shoe magnet with semicircular arch and parallel 
limbs. In the first group of tests, it is found that for given sectional 
area, s, distance between axes. d. and height of axis, h, the intensity of 
remanent magnetism is independent of the shape of the section. With 
variation of h, s, and d respectively, it was found that I increased with 
h towards the limit determined by a closed ring ; for given h and d, I 
varies inversely with s ; with given h and s, I passes through a minimum 
as d increases. In the next test, the weight of the magnet is plotted 
against the flux, <f,. at the middle of the magnet, and the minimum 
weight for a magnet of given section and flux is found. Magnets of 
maximum output have I - 575 (± 10 per cent.) at the middle on open 
circuit. For ordinary magnets, the ratio h/Vs is about 6-5, and varied 
in the above tests between 4-5 and 7. From a hysteresis graph done 
on a ring of the steel employed (a normal tungsten steel with I, = 1200 , 
I, = 850, and H e = 65), and a calculation of demagnetising factor, 
expressions are obtained for the remanent magnetism in a horse-shoe 
magnet, with and without armature, in terms of h, s, and d. G. E. A. 

1294. Magnetic Viscosity. C. Lapp. (J. de Physique et le Radium, 
4. pp. 349-369, Oct., 1923.)—Employing a ballistic method with rings 
of electrolytic iron, a special device is used by which (a) a strong magne¬ 
tising current is broken at zero time, (b) an equal reversed current is 
established after a known time interval, and (c) at the same instant the 
secondary circuit of the ballistic galvanometer is automatically closed. 
The viscous effect tends to increase the magnetisation, but it disappears 
in strong fields ; according to Jouaust, viscosity is observable within 
the field limits +3-3 and — 8-7 gauss ; the author places these limits 
at + 1-5 and — 6 gauss. Using six rings, families of B.H curves are 
drawn in which the variation of B with time is plotted for separate 
values of H. The total induction 6 = 600 + 6 ', B ro the value found 
for a slow cycle, and B' the part depending on the time t, and expres- 
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sible in terms of the amplitude A by B' = Xe-/ 1 . In weak positive fields, 
the duration and amplitude of the viscous effect are very small ; thev 
increase in increasing negative fields, and maximum duration occurs iii 
the coercive fields ; the duration then diminishes, the amplitude continuing 
to increase, then slowly decreasing ; finally the effect becomes unobserv¬ 
able when its duration becomes less than £ second. The HU/ changes 
are represented by means of a surface of viscosity. Isochronous cycles 
are obtained for the rings, from which, by extrapolation, is obtained 
the instantaneous value of the field, i.e. the difference between the slow 
and the instantaneous cycle, for given induction at zero time. The 
cycles thus formed show that the energy dissipated in the instantaneous 
cycle is greater than that spent in a slow cycle. The value of H c is 
loss than 0-6 gauss for the slow cycle, but viscosity may cause it to 
attain a value of from 3 to 12 gauss and the area of the cycle is 
increased four to five times. [See also Abstract 1516 (1913).] G. E. A. 

1295. Magnetic Properties of Nickel-Chromium Alloys. J. Safr&nek. 

(Rev. de Met. 21. pp. 87-111, Feb., 1924) and summary of results only 
(Comptes Rendus, 178. pp. 479-480, Jan. 28. 1924.)—A series of alloys 
is prepared from pure nickel and electrolytic chromium in a high- 
frequency induction furnace. An account of the preparation of the 
chromium is given. The magnetic properties of these alloys below the 
Curie point are then investigated. The interest in the research lies in 
the fact that the alloys are between ferro- and para-magnetic metals ; 
the cases of ferro-ferro-, and ferro-dia-magnetic alloys having been 
already worked out. A survey of the theory of magnetisation is given 
with derivations of Curie's and Weiss' laws and a full description of the 
apparatus used in this work. The specimen is held in a quartz holder 
in a non-uniform magnetic field, the holder being attached to a frame 
slung at two points and so capable of horizontal displacement. Damping 
is effected by a plate fixed to the suspended system perpendicular to 
the direction of motion and close to a fixed plate, while a balance of the 
force is attained by mounting on the moving system a coil carrying a 
constant small current. This is coaxial with two coils carrying a current 
which is continuously variable. The specimen and support are surrounded 
by a water-jacketed heating coil in which temperatures up to 1000° C. 
can be maintained and measured by a thermo-couple. For nickel the 
Curie point is 658° K., the Curie constant 0 0055 and the number of 
magnetons bek>w the Curie point 7 -99. The susceptibility of chromium 
is 4-31 X 10“ 8 and is constant between 2000-14.000 gauss and from 
100°-600° C. Graphs of these quantities for alloys up to 14 % chromium 
and some data for low temperatures are given. The main paper concludes 
with tables and a bibliography. . A. Wh. 

1296. The von Ettingshausen Effect. E. Persico. (N. Cimento, 26. 
pp. 123-133. Oct.-Nov.-Dec.. 1923.)—The transverse temperature across 
a lamina of bismuth in a magnetic field normal to it and traversed length¬ 
wise by a current (the von Ettingshausen effect) is explained by the 
electrodynamical action of the magnetic field on the corpuscles which 
carry the current. But there must be another effect of the same nature, 
differing from the former in respect that its amount is proportional to 
the cube of the current-strength ; and this new effect is due to a super¬ 
posed magnetic field. The amount of the new effect is generally a little 
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less than the limit of experimental error ; but under particular conditions 
it may assume preponderating values. A D 

1297. A Formula for the Specific Heal of Ferromagnetic Substances 
and Us Discontinuity at the Critical Temperature. J. R. Ashworth 
(Nature. 113. pp. 13-14, Jan. 5. 1924.)-The loss of magnetism by a 
ferromagnetic substance at its critical temperature is accompanied by a 
sudden diminution in the value of its specific heat. Applying van der 
Waals equation of state to ferromagnetism, the author has obtained 
formula? giving the value of the specific heat at the critical temperature 
and its change on loss of magnetism. Values for Fe, Ni. and magnetite 
calculated according to these formula* agree more closely with observed 
values than those calculated by aid of formula due to Lorentz which are 
based on the theories of Langevin and Weiss. i L 


1298. Magnetic Waves in Iron Rods and Rings. A. Karlsson. 
(Ark. f. Mat.. Astron. och Fysik. Stockholm. 17. No. 13. pp. 1-13, 
1922-1923. In English.)—When a long iron rod is magnetised over a 
limited portion by an alternating current in a short solenoid, there is a 
phase retardation (<£) of the flux, at a distance (*) along the rod, behind 
the momentary flux at the centre of the magnetising solenoid. Oberbeck 
found (1884) the retardation per unit length (y,) to be constant along 
the rod. Lyle and Baldwin showed that <f> is at first proportional to x, 
reaches a maximum, and then diminishes, and that the leakage coefli- 
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cient of the wave is subject to a similar variation [see Abstract 2091 
(1906)]. The author, by considering the effect at * to be due to two 
magnetic waves, one transmitted with the velocity of light and with 
very slight leakage, while the other moves with smaller velocity 
and with considerable leakage, finds an equation for d> and x\ fit. 
AeP* = sin (<f> - 4> x - y,*)/sin (& - <f>). in which A, p, y,. <L, and fo 
are constants. Employing a three-phase motor with fixed armature as a 
phase-meter, a part of the current from a delta-connected three-phase 
generator was led into the magnetising solenoid, and the other part 
excited the field in the phase-meter. The induced current from the 
latter was passed through the fixed coil of a dynamometer whose moving 
coil was connected with a search coil that could be moved along the 
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specimen. The position of the armature for no deflection was noted on 
a scale of degrees and gave the phase-difference between the two cur¬ 
rents. It was found that the higher harmonics did not affect the dyna¬ 
mometer. The results arc given in tables and curves (see figs.). The 
position of the maximum on the phase curve depends on the strength of 
the current in the solenoid ; also the form of the curve is affected by the 
frequency (40 to 50 used). The maximum is nearer the solenoid for a 
tube than for a solid bar; also y, is less for the tube than for the bar • 
y, thus increases in the same degree as the Foucault currents. No altera¬ 
tion was found in the form of the phase curve when a ring specimen 
was straightened out. G E A 

1299. Magnetic Testing of Small Specimens. T. F. Wall. (Engineerine 
117. pp. 293-295. March 7, 1924.)—The ring ballistic method is applied 
to short tubular specimens 1 in. long with outer diam. & in. and inner diam 
TJr in - These are woun< * w *th primary and secondary, and a diagram gives 
the connections required to obtain the magnetisation and demagnetisation 
curves. As a large current is required for the maximum field of 2000 
gauss, the specimen is immersed in oil ; also a special switch is used to 
short-circuit the secondary immediately after the discharge through the 
galvanometer is complete. The exciting circuit may then be broken 
after carrying the maximum current for only a few seconds. B.H curves 
are given for stalloy. cobalt-chromium magnet steel, and permanite. The 
permanent magnet steels are also compared by Eversl.ed's method by 
plotting BH/87T with B for the demagnetisation curves. These curves 
give values for the maximum available energy in ergs per c.c. For 
cobalt-chrcmium containing 9% Co. 9j % Cr. 1 % C. H t = 180. B, 
n L m “' available energy - 26,200. For permanite. H, _ 138, 
B, = 9800, max. energy = 24,200. [See also Abstract 113 (1916).] 

G. E. A. 

«S: Anomal '“ >» Earth’s Magnetism. P. I.asnreff. 

th! PP ® 27 - 630 - Feb - 'I, 1924.)—The author compares 

l t* a P 01 "* due <®> to a lincar "«ren. (6) to a line 

nlralTe tc th 63 U " llonn 'y distributed. In both cases the line is taken 
calledIhe .Y, the , ear,h ’ and its Projection on the surface is 

Jhe horironta? a . T °‘ ,h ' anomaly - Ex P r "“.ons are found for 
Ind the cTse s e t V6 H a 3 co " 1 P onents ' H . a "d Z„. of the fields produced, 
vecto s of H are , ‘° ' hat in Which several ma X occur. The 

a fine Of , "T 78 P er P endi cular to the fundamental line, but for 

Aodvine Tnf! . ^ VeCt ° r Ganges as * crosses the line, 
a re»hin g of ,h ,° ‘C"* 5 *" 3 ' declination, the fundamental line separates 
rlistnlhan/ “‘a*" 1 }' decimation from one of easterly declination when the 
die isoannal 15 dU * / mag " etic Ci ' lse In ‘he case of an electric current, 
™ n g fTh “* 1 " flec * ed ss they cross the fundamental line. In the 

the exitLnce a of° ma X a * K ° UrSk ' the distribution of Z. H, and D indicates 
the existence of a magnetic source of disturbance. G. E. A. 

„ , l3d1, A “fl”®" Magnetic Survey in the Balkans in 1918. A. 

Akad ' WlSS - Wien ' Ber - 131 - 2a - N °- 10- PP- 643-654, 
1922.)—The region surveyed included Montenegro, Albania, and that 
part of Serbia west of the Morava and Vardar rivers, thirty stations 
being chosen. Laboratory tests of the instruments were made in 
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Potsdam and Pola. The apparatus carried included two chronometers, 
a portable *' universale,” magnetic theodolite, dipping needle, and 
declination needle. The value of H was measured chielly by a deflection 
method, and the values of the elements are tabulated for the different 
stations as for the beginning of 1918. The declination increases from 
cast to west, varying from 3° 41' at Belgrade to 5° 20' at Niksic, with a 
disturbed region round Uzice where the declination is 7° 26'. The dip 
varies from 56° 1' at Ljusna to 59° 47' at Bazias, whilst H is -22416 at 
Sabac and -24234 at Ljusna. Maps of isogonals, isoclines, and isodyna¬ 
mics arc appended along with a map of the route and a geological sketch 
map of the disturbed region round Uzide ; the disturbance is due to the 
presence of chromium-iron ores at Zlatibor. G. E. A. 

1302. Magnetic Survey of Austria in 1918, A. Schedler. (Akad. 
Wiss. Wien. Ber. 131. 2a. No. 10. pp. 656-665, 1922.)—-The present 
partial survey is based on that of 1890 by Liznar, who showed that the 
distribution of magnetic force may be calculated from observations at a 
comparatively small number of stations by employing the values, found 
during a previous survey. The present measurements relate to stations 
between the meridians 9° 30' and 18° east of Greenwich, and the instru¬ 
ments were those carried in the Balkan survey [see preceding abstract]. 
In the absence of triangulation marks, sun observations were necessary 
to determine the meridian. Values of the elements are given for twelve 
stations for the beginning of 1918; the elements are then calculated 
for the remaining eighty stations of the former survey by Liznar’s 
method. The secular variation of the dip is — 10' to — 30', and is 
greatest in the west and south where also H has increased by more than 
150 y. In the east and north-east, H has diminished by about 70 y, 
the line of no variation passing through St. Johann in Tirol, Klagenfurt, 
and Marburg. Maps of smoothed isogonals. isoclines, and isodynamics 
are given. G. E. A. 
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1303. Chemical Nature of Purple of Cassius. A. Huber. (Phys. 

Zeits. 25. pp. 45-47, Jan. 15, 1924.)—Application to purple of Cassius of 
Debye and Scherrer’s X-ray method yields an impression, analysis of 
which shows that this substance does not contain gold in chemical 
combination but consists of a mixture of colloidal gold and colloidal 
stannic acid. -p pj p 

1304 . Isotopy and the Isotopes. (Mme.) P. Curie. (J. de Physique 

et le Radium, 4. pp. 381-412, Nov., 1923.)—Contains an account of the 
relations between the radio active isotopes, and of the discovery of the 
isotopes of the stable elements. The various proposed methods of 
separation arc discussed. U. n. A. 

1305. Gases Evolved from Glasses of Known Chemical Composition. 
J. E. Harris and E. E. Schumacher. (Bell System Tcchn. J. 2. 



pp. 122-432, Jan., 1924.)—The gases may be held as an adsorbed film 
or dissolved throughout the glass. Adsorbed gases are evolved readily 
at temperatures less than 300° C.. but dissolved gases come out slowly 
owing to the slowness of diffusion through the glass, even at much higher 
temperatures The principal gases held are carbon dioxide, water, 
sulphur dioxide, oxygen, and nitrogen. A general view of the apparatus 
employed for determining the gases evolved from glass on being heated 
is shown Water-vapour was removed by surrounding the condensation 
traps with a mixture of frozen and liquid acetone. Carbon dioxide was 
removed by liquid air. The authors describe the method of determining 
the amount of gases given up by various types of glass when heated, 
the time varying from 06 to 80 hours. The results are as follows : 
(1) Glasses whose compositions run high in alkali give off more gas 
during heat treatment than those of lower alkali content; ( 2 ) a definite 
relation appears to exist between the amount of water-vapour held by 
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a glass and its alkali content; (3) a relation appears to exist between 
the amount of carbon dioxide held by a glass and its alkali content; 
(4) adsorbed carbon dioxide seems to be held to glass primarily by pri¬ 
mary valence forces; (5) adsorbed permanent gases seem to be held to 
glass primarily by secondary valence forces; (6) glass relatively free 
from absorbed gas can be produced by heating the glass during its melting 
process to a sufficiently high temperature. T. C. H. 

1306. The Diffusion of Hydrogen through Metals. H. G. Deming 

and B. C. Hendricks. (Am. Chem. Soc., J. 45. pp. 2857-2804, Dec., 
1923.)—An apparatus is described for the study of the rate of diffusion 
of gases through metal sheets, which allows a definite area to be exposed 
at any desired temperature. The specific diffusion rate of hydrogen 
through aluminium, zinc, lead, copper, and nickel, is determined at 
various temperatures. For copper and nickel, which show the highest 
rate, measurements are made over a considerable range of temperature. 
The curves obtained are of the same form as those obtained by previous 
workers on this subject. [See Abstract 1510 (1920).) B. W. C. 

1307. Metals of the Platinum Group. F. E. Carter. (Am. Electrochem. 

Soc., Trans. 43. pp. 397-408, 1923.)—Some general remarks on metals 
of the group are given, particular mention being made of the liability 
to gas absorption and of the consequent difficulties of melting. Results 
arc given to show that the addition of iridium to platinum raises con¬ 
siderably the temperature required for annealing. Some alloys of the 
platinum metals among themselves arc discussed, particularly those of 
platinum and iridium. Author. 

1308. Investigations on Platinum Metals at the Bureau of Standards. 

E. Wichers and L. Jordan. (Am. Electrochem Soc., Trans. 43. pp. 386- 
395; Disc., 395-396, 1923.)—The Bureau of Standards has undertaken 
a comprehensive investigation of the platinum metals, involving the 
purification of all metals of the platinum group, critical studies of analytical 
separation of the platinum metals, the melting and mechanical working 
of the pure metals and their alloys, the study of selected alloys with 
respect to their suitability for platinum ware, and the determination 
of a variety of physical properties of such metals and alloys. The first 
three phases of this investigation are actively in progress; the last two 
phases are to be undertaken in the immediate future. Author. 

1309. The Conversion of Diamonds to Graphite at High Temperatures. 
M. de K. Thompson, P. K. Frdlich, and J. L. Gillson. (Am. Electro¬ 
chem. Soc., Trans. 43. pp. 161-166; Disc.. 166-170, 1923.)—It is shown 
conclusively that diamonds change slowly at 1650° C. to a substance that 
gives the Brodie test for graphite, and that the velocity of this reaction 
is increased about 26 times by an increase of 100° above this temperature. 

Author. 

1310. Photochemical Sensitisation of the Ethyl Maleate Rearrangetnent 
by Bromine. J. Eggert. (Phys. Zeits. 24. pp. 604-506; Disc., 506- 
610, Dec. 1 and 15, 1923. Paper read before the Deut. Physikertag, 
Bonn, Sept., 1923.)—The experiments here described consisted in diluting 
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ethyl maleate with carbon tetrachloride, adding a solution of bromine 
in the same solvent, subjecting the mixture to the action of a definite 
amount of luminous energy of certain wave-length, and analysing the 
resulting mixture of ethyl maleate and fumarate by means of the melting- 
point. The results obtained show that neither the carbon tetrachloride, 
nor the ethyl fumarate formed, nor the inactive bromine takes part in 
the reaction, the course of which is independent of the molecular con¬ 
centrations of each of these three substances. The bromine first absorbs 
light and becomes active, and then effects the rearrangement of the 
maleic acid to fumaric acid. The dependence of the process on the 
temperature indicates that, of the maleate molecules which encounter 
the active bromine, only those undergo isomerisation which possess more 
than a definite critical energy. T. H. P. 

1311. The Physical Chemistry of the Photographic Process. (Faraday 
Soc., Trans. 19. pp. 318-326, Nov., 1923.)—Discussion on various papers 
referred to in Abstracts 831. 1011. 1012. 1013, and 1014 (1924.) 


1312. Recombination of Gaseous Ions, the Chemical Combination of 
Gases and Monomolccular Reactions. J. J. Thomson. (Phil. Mag. 47. 
pp. 337-378, Feb., 1924.)—Expressions arc developed for the rate of 
recombination of positive and negative ions from which it follows that 
at low pressures the rate is proportional to the pressure, as is found in 
Thirkill's experiments. The numerical rate calculated for air at N.T.P. 
is in very fair agreement with the value found by observation. When 
the negative charge is carried by electrons, special consideration is required 
in consequence of the disproportion between the masses of the electron 
and the molecules with which it comes into collision. It is shown that 
the energy frcc-path of an electron is exceedingly long, unless the energy 
of the electron in a molecule of the gas is comparable with the ionising 
potential of the gas. An expression is found for the rate of recombination 
of an electron and a positive ion. The rate of formation of complex ions 
is investigated, as well as the proportion between simple and complex 
ions when the gas is in a steady state. It is found that the condition 
that the ions should be mainly complex is the same as that for the frcc- 
path of an ion being much less than that of an uncharged molecule. 
Expressions are found for the periods which elapse before a simple 
positive ion becomes a complex one or an electron becomes a negative 
ion, the values obtained for the latter being of the same order as those 
obtained in Loeb’s experiments. By application of the same principles 
to chemical combination, expressions are found for the rate of combination 
of two gaseous systems and for the rate of dissociation of the resultant 
compound, the former being of the same form as that for the recom¬ 
bination of positive and negative ions, the rate at lower pressures being 
proportional to the pressure. The rate of decomposition of the gaseous 
compound is determined on the hypothesis that it is due to collisions; 
the objections which have been urged against this type of dissociation 
arc shown not to be valid when combination takes place in the way 
assumed. The effect of polar molecules in hastening chemical com¬ 
bination is investigated and found to be very large. An expression 
obtained for the rate of monomolecular reactions in solids, e.g. sublimation, 
indicates the great influence of surfaces such as the walls of the containing 
vessel on the rate of chemical reaction. A. B. C. L. 

VOL. xxvh.—a.— 1924. 



460 


SCIENCE ABSTRACTS. 


1313. The Quantitative Relation between the Intermittent Alteration of 
Atoms and the Harmonic Components of their Changes of Mass. Part II. 
K. Fehrle. (Zeits. f. Physik. 21. 3. pp. 219-222. 1924.)-This paper 
is a continuation of previous work [sec Abstract 420 (1924)]. The posi¬ 
tion of the separate harmonic components is established with respect to 
the axis about which the potential energy is a minimum, and 18 har¬ 
monics are dealt with, which include 4 elements per wave-length. For 
stable equilibrium when 4 ordinates follow at distances of 90°, the argu¬ 
ments are given by the formula (2/i + 1) 45%. 0 . i. 2 . 3. so that 
the sum of the |cos| is a maximum. The mass alteration per unit 
time for the n harmonics is given by dv/<M = 2 tt . >/A„cos (2 tt«//72 + DJ/72. 

I he sum of the absolute amounts of mass alterations per unit of time 
in 4 consecutive points. i.e. for the 18 harmonics, is therefore 

2 * /7 22* 8A, 8 |cos (2 tt. 18//72 + 315°)|, and this expression represents 

the maximum possible mass alteration per unit of time. The potential 
energy is therefore a minimum with the phase of 315° at the point 
/ = 0. The theory is now extended to 24 harmonics and found to be 
generally valid. H . h. Ho. 

1314. Crystal Growth in Tubular Shares. R. Gross and H. Mdller. 
(Zeits. f. Physik. 19. 5-6. pp. 375-387. 1923.)-Results are given of 
experiments on the growth of crystals of salol in the substance melted 
in tubes of various bores and radii of curvature. When a number of 
nuclei are present, a process of selection results in the continued 
development of only those crystals having their most favourable direc¬ 
tion of growth corresponding with the axis of the tube. In straight 
tubes the crystalline axes mostly retain parallel positions, but occa¬ 
sionally the principal direction* of growth suffers displacement by the 
next most favourable one. 

As regards growth in curved tubes, three different types are possible. 
During the continued growth either the axes of the crystals remain 
parallel or sudden changes in their position occur. Moreover, growth 
independent of the crystal resulting from the seeding is also possible. 
The occurrence of one or the other of these three types is shown to 
depend on the extent of the supercooling, the dimensions and cufvaturc 
of the tube, and the number of nuclei present. The cause of the forma¬ 
tion of nuclei at the seeding place and in front of the growing crystal 
faces is regarded as the mechanical fracture of the crystal already present. 

T. H. P. 

1315. The Principle of the Specific Interaction of Ions. J.N. Bronsted. 
(Am. Chcrn. Soc., J. 45. pp. 2898-2910, Dec., 1923.)—A further develop¬ 
ment of the above principle [see Abstract 1929 (1922)] which is re-stated 
as follows. “ The ratio of the activity coefficients of the same kation 
in two equally strong solutions having an anion in common is a function 
only of the nature of the two kations of the solvents. And the ratio of 
the activity coefficients of the same anion in two equally strong solutions 
having an anion in common is a function of the nature of the anion con¬ 
sidered and the kations of the two solvents.” The terms ” anion " and 
” kation ” may,- of course, be interchanged throughout. A further 
principle is enunciated, that of " the linear variation of the activity 
peculiarities,’' stated thus. " In a dilute salt solution the osmotic 
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deviations of the solutions and the activity deviations of any ion from 
an ideal value is, at constant composition of the dissolved salt mixture, 
a linear function of its total concentration, and at constant total con¬ 
centration of an isotopic mixture, a linear function of its composition.” 
The expression “ activity deviation " is defined as log, (///,) where/ is the 
activity coefficient of the ion considered, ami /, the ideal one depending 
only on the type of salt and on the total concentration. Equations are 
deduced connecting the freezing-points of solvents with an ion in common, 
with the activity coefficient and solubilities of salts possessing the same 
common ion, which are identical with the equations deduced on the basis 
of the principle of the specific interaction of ions. Further elaboration 
leads to the conclusion that the activity coefficient of sodium chloride 
present in small amount in a solution of potassium chloride, is identical 
with that of potassium chloride present in small amount in a solution 
of sodium chloride of the same strength, this value being the geometric 
mean of the activity coefficients of the two salts in their own solutions. 
Recent work on activity coefficients is discussed, particularly " the 
principle of independent activity coefficients.” put forward by Harned 
which is shown to lead to conclusions contradicted by experiment. 
Solubility measurements embracing a scries of cobaltic-ammonia salts 
in solutions of sodium sulphate and sodium chloride have been carried 
out. The results are found in full agreement with the principle of the 
specific interaction. T. B. 

1316. Influence of Hydrogen Concentration on the Auto-Oxidation of 
Hydroquinonc. V. K. la Mer and E. K. Rideal. (Am Chem. Soc„ J. 
46. pp. 223-231. Jan.. 1924.)—The property of absorbing oxygen by 
hydroquinonc in alkaline solution is common to many substances con¬ 
taining phenolic groups. The rate at which hydroquinonc reacts with 
molecular oxygen was followed by shaking borate buffers 001 M. in 
respect to hydroquinone with oxygen. The rate docs not become 
appreciable until the solution is more alkaline than pH 7-3 or 7-8 for 
air The rate of reaction is highly sensitive to further increase of Sdrcnsen 
values being proportional to the three halves power of the hydrogen-ion 
concentration for the region investigated. The complex formation of 
primary and secondary ions is suggested as an explanation of the 

mechanism of the reaction. j? j B 

Pi ,31 J‘ , p hoto-Electricity. Calorific Action of Radiation on Metals 
, . U a nged l ”J° Solutions of their Salts. G. Athanaslu. (Comptcs Rcndus. • 
178 pp. 661-663. Feb. 4. 1924.)—Bouty has shown that the temperature 
coefficient of elements formed by metallic electrodes plunged into solutions 
ol their salts is far from negligible. The contact metal-liquid acts as 
the elements of a thermoelectric junction of high sensitivity. A difference 
of temperature of one degree produces in the clement Zn-ZnS0 4 -Zn an 
e.m. o about 800 micro-volts. The author, employing as source an 
arc o mercury in quartz, shows that a measurable calorific effect is pro¬ 
duced. With the metals Hg. Pb. and their nitrates, it is shown that 
c e.m produced is, within error of experiment, that which would 
be expected from the heat radiated by the source to the electrodes. There 
are in fact two effects, the first due to a chemical alteration of the surfaces 
of the electrodes, the second (which increases regularly with the duration 
of the illumination, and disappears slowly when the latter is suppressed) 
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to the calorific energy of the radiation. In many cases the two effects 
mentioned are sufficient to mask completely any photoelectric effect 
that may be simultaneously produced. T. B. 

1318. Newer Aspects of Ionisation Problems. H. S. Taylor. (Am. 

Electrochem Soc., Trans. 43. pp. 31-48; Disc., 48-50, 1923.)—A resume 
is presented of some recent work by Bom. Fajans. Haber, and others 
on the problem of energy changes accompanying the conversion of some 
solid crystalline substances and of the hydrogen halides into dissolved 
ions. An outline is given of the concepts of lattice energy and of the 
electron affinity of halogens, the quantitative side of the problem receiving 
detailed consideration. In the latter, small modifications of the earlier 
calculations have been made whenever newer material of a more reliable 
nature seemed to be available. Some of the lines along which progress 
may be anticipated have been indicated. Author. 

1319. Measurement of Oxidation Potentials at Mercury Electrodes. 

Part III. Ter- and Hi-valent Titanium. G. S. Forbes and L. P. Hall. 
(Am. Chcm. Soc., J. 46. pp. 385-390. Feb.. 1924.)—A mixture of titanium 
dichloride and tri-chloride prepared by heating the metal in hydrogen 
chloride, is used for the measurement of e.m.f. against a mercury electrode 
at 0°C., air being displaced by carbon dioxide. The concentrations of tcr- 
and bivalent titanium being determined, the e.m.f., calculated against a 
hydrogen electrode, is extrapolated to equal concentrations of both 
valencies. The dichloridc decomposes rapidly in concentrated hydro¬ 
chloric acid, the e.m.f. declining rapidly. In addition, the e.m.f. for 
tetravalent and bivalent titanium is calculated. B. W. C. 

1320. 7 he Effect of a Magnetic Field on the Potential of Hydrogen 

Occluded in Iron. T. W. Richards and W. T. Richards. (Am. Chcm. 
Soc., J. 46. pp. 89-104, Jan., 1924.)—The application of a magnetic field 
to pure iron in a solution of ferrous sulphate results in an almost negligible 
decrease in potential. With hydrogen occluded in iron, there is a distinct 
lowering of potential proportional to the intensity of the magnetic field 
employed. This decrease of over-voltage is proportional to the over¬ 
voltage itself. The authors favour the view that the occluded hydrogen 
is in an atomic but not ionised condition ; the magnetic field alters the 
texture of the metal and therefore the potential. The influence of ferrous, 
ferric, and hydrogen ion concentrations in the solution are considered in 
order to determine the best conditions for the experiments. B. W. C. 

1321. Electromotive Force Produced by the Action of Light on Metals 

Immersed in Solutions of their Salts. G. Athanasiu. (Comptcs Rendus, 
178. pp. 386-388, Jan. 21, 1924.)—The author has extended his work on 
mercury electrodes [see Abstract 2317 (1922)] to electrodes of silver, copper, 
nickel, cadmium, and zinc. The e.m.f. produced depends on the time of 
standing and is due to the formation of a deposit on the surface of the 
electrode by chemical reaction. Similar results are obtained with non- 
reversible elements, such as the Daniell cell. B. W. C. 

1322. Hydrogen-Ion Concentration. E. Darmois. (J. de Physique et 
le Radium, 4. pp. 461-491, Dec., 1923.)—The author reviews the present 
state of knowledge of the signification of hydrogen-ion concentration. 
The necessity for a quantitative measurement in each case studied is 
pointed out, the e.m.f. method being preferred to the use of indicators 
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for this purpose. Both methods are considered in detail. The tpiin- 
hydrone electrode is also discussed. Attention is drawn to the utility 
of the conception of an activity coefficient of the ions when dealing with 
strong electrolytes. Various applications of the measurement of p\\ 
values are quoted, with especial reference to biochemical processes which 
are dependent upon acidity, which is most accurately determined by means 
of pH value. * B. \V. C. 

1323. The Free Energy of Dilution and the Activity of the Ions of Hydro¬ 
gen Iodide in Aqueous Solution. J. N- Pearce and A. R. Fortsch. (Am. 
Chem. Soc., J. 45. pp. 2852-2857, Dec., 1923.)—The decrease in free 
energy and heat content accompanying the reaction in cells of the type 

Agl/Ag is calculated for various concentrations of hydrogen 
iodide at 25 J from measurements of the electromotive force. The free- 
energy decrease accompanying the transfer of one mol. of hydrogen 
iodide from various concentrations to 0-005 M is calculated, and the geo¬ 
metric mean activity coefficient of the ions. These arc practically equal to 
the corresponding coefficients for hydrogen chlorine. This bears out the 
view of Lewis and Randall [see Abstract 230 (1922)] that the activity 
coefficients for the ions of strong electrolytes are the same in solutions of 
the same ionic strength. B. W. C. 

1324. The Hydrogen Electrode in Alkaline Solutions. A. H. W. Aten. 

(Am. Electrochem. Soc., Trans. 43. pp. 89-98. 1923.)—When a hydrogen 
electrode, saturated with hydrogen, is in equilibrium with 0-ln HCI, 
it is in the same state of equilibrium with 1 - On HCI, and vice versa. This 
is not the case, however, when the solution of an alkali is used in place of 
an acid. When a hydnjgen electrode in equilibrium with l-On NaOH is 
put in 0-ln NaOH, or the reverse, a considerable time period is required 
to reach a new equilibrium. The same phenomenon is observed in a more 
marked degree when the electrode is changed from 0-ln NaOH to 0-ln 
HCI, or the reverse. The explanation suggested is that the electrode 
must absorb Na or give it off, as the case may be, in order to reach an 
equilibrium with the final solution. Author. 

1325. Cuprous-Oxide Photo-Voltaic Cells. A. D. Garrison. (J. Phys. 

Chem. 27. pp. 601-622, Oct., 1923.)—The subject is dealt with experiment¬ 
ally at some length. A cuprous-oxide electrode which, when illuminated, 
becomes positive with respect to a neutral solution may be made to 
become negative by increasing the density of the oxide coating. A cuprous- 
oxide coating is slowly formed on copper when it is left standing in a 
neutral solution for a long time in contact with air or oxygen, and as a 
result electrodes which have only a positive effect at first slowly develop 
the negative effect on contact with oxygen. The positive photo-potential 
is found to be approximately proportional to the logarithm of the light 
intensity and increases with increasing hydrogen-ion concentration. 
The maximum negative photo-potential is proportional to the light in¬ 
tensity for low intensities and constant at high intensities, while the 
positive recoil following the negative maximum increases with the 
intensity. The maximum negative photo-potential decreases with in¬ 
creasing ion concentration. The phenomena are explained by the assump¬ 
tion that the light shifts the equilibrium constant of the reaction, causing 
the cuprous oxide to behave as though its solubility were increased in 
the light. ; ! • W. R. C. 
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1326. Concentration Cells in Methyl Alcohol. J. Grant and J. R. 
Partington. (Faraday Soc., Trans. 19. pp. 414-417 ; Disc.. 418-419. 
Nov., 1923.)—Figures have been published by J. H. Wilson for concentra¬ 
tion cells made up with solutions of silver nitrate in methyl alcohol. 
These figures do not show very good agreement with the results calculated 
from the Nemst equation. Cells were therefore made up by the authors, 
with careful precautions in preparing the methyl alcohol. The values 
obtained for the e.m.f. show good agreement with the values calculated. 

W. R. C. 

1327. Volta-Lmuinescenee. J. Lifschitz. (K. Akad. Amsterdam. 
Proc. 20. 7-8. pp. 561-574. 1923.)—Experiments are described on the 
luminescence of electrodes when currents are passed through certain 
electrolytic cells. The luminescence was examined spectroscopically. 
When the metal so detected occurs only in the electrolyte, the spectrum 
resembles very closely that of the spark-spectrum of the metal, but if this 
metal is used as a kathode in pure acid a spectrum is obtained which agrees 
closely with the arc-spectrum. The view is taken that the kathode is 
surrounded by a gas envelope which contains hydrogen water-vapour and 
some oxygen, almost the whole fall of potential takes place in this layer, 
and as the kations are not able to traverse this layer a current of rapid 
kathode rays is formed which discharge these kations. The phenomena 
at the anode are much more numerous and more complicated than at the 
kathode. Besides gas layers there may be layers of solid substance between 
the electrolyte and electrode. The author considers that the origin of the 
luminescence is not chemical or due to reactions. If soluble anode pro¬ 
ducts are formed luminescence seems never to be observed. W. R. C. 

1328. Application of the Contractometer to the Study of Nickel Deposi¬ 
tion. E. A. Vuilleumier. (Am. Electrochem. Soc., Trans. 42. pp. 99- 
107. Disc., 108-112, 1922.)—When nickel is deposited on thin sheets of 
metal the kathode bends towards the anode. The author has investigated 
this and similar phenomena by means of the contractometer (see Abstract 
955 (1920)) ; the peeling of nickel deposits is to be ascribed to the con¬ 
traction of the nickel. The author concludes that the degree of contraction 
decreases as the deposit becomes more coarsely crystalline, but there are a 
number of factors such as temperature, pH, current-density, etc., which 
will affect the structure of the deposit. When only a little hydrogen is 
liberated during the deposition, delays or spurts in the contraction occur. 
Hydrogen, when electrolytically produced, causes the nickel to expand. 
Contraction is also observed during the deposition with silver, copper, and 
other metals. In the discussion the value of the contractometer in study¬ 
ing electro-deposition is emphasised, but some of the author's conclusions 
with regard to the structure of the deposit are considered unsound. 

. R, W. C. 

1329. Oxygen Overvoltage of A rtificial Magnetite in Chlorate Solutions. 

H. G. Howard. (Am. Electrochem. Soc., Trans. 43. pp. 51-53; Disc., 
53-54, 1923.)—Attempts were made to oxidise sodium, chlorate to per¬ 
chlorate electrolytically at a magnetite anode. Negative results were 
obtained. The oxygen overvoltage of a magnetite anode in N sodium 
chlorate was measured and found to be from 0-4 to 0-6 volt lower than 
that of smooth platinum. AUTHOR 
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1330. Errors of Observation. W. Burnside. (Cambridge Phil. See.. 

Proc. 22. pp. 26-27, Feb.. 1924.)—Attention is directed to a false inference 
drawn from the analysis given in a previous paper [see Abstract 2066 
(1923)]. The revised probability statement given in the present paper 
gives no direct justification for a probability statement which is concerned 
with one, and only one. set of observations, apart from any assumption 
regarding their probabilities »>cfore the observations. A. B. C. L. 

1331. Ultimate Rational Units. N. Campbell. (Phil. Mag. 47. 

pp. 169-172, Jan., 1924.)—The author criticises Lewis's theory of ulti¬ 
mate rational units, which, he argues, is demonstrably erroneous. Its 
falsity has its origin in a failure to observe that the equations bv which 
Planck proposes to determine his " natural units " from universal con¬ 
stants arc usually indeterminate [Abstract 1005 (1923).] 1. H. P. 


1332. Report of the Physikalisch-Technischcn Rcichsanstalt for 1923. 
(Zeits. Instrumentcnk. 44. pp. 73-138, March, 1924.) 

1333. Ferguson Density Meter, iVo. 5. W. B. Ferguson. (Phot. 

J. 64. pp. 30-35 ; Disc., 35-36. Jan., 1924.)—The instrument is intended 
for the measurement of photographic densities to non-parallel rays (D„), 
being a modification of the long bench photometer type, but of manageable 
length, and with an improved comparison field through the use of a 
modified Abb6 cube and a magnifying eye-piece. The author describes 
the devices for putting it quickly in adjustment, and the means by which 
higher densities can be read than from 0 0 to 2-5, which arc given by 
the scale. In the discussion which followed, it was agreed that its great 
advantage is the equality of illumination of the field whatever the density 
measurement; but objection was taken to the use of the two lamps 
(instead of one), involving perpetual electrical adjustment ; of a vertical 
plate-holder instead of a horizontal one, which is necessary for rapid 
working; and of an opal screen, which, by scattering the light might 
bring about a variation with distance from the lamp, and so alter the 
densities slightly. ' A - S - D ‘ M - 
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1334. Total Immersion Indicating Hydrometer. A. Pollard. (Journ. 
Sci. Instruments. 1. pp. 97-104, Jan., and pp. 129-136, Feb., 1924.)— 
A description of an instrument where one end rests and rolls on a horizontal 
optical Hat whilst the other moves over a circular calibrated scale, the con¬ 
figuration and disposition of the material from which the instrument is 
made being such that the centroid of its mass m and the centroid of its 
volume v subtend a small angle a at the instantaneous centre of rotation. 
If 9 be the angle I, makes with the horizontal in the position of rest, then 
tan 9 = Ap — B, in which A and B are constants depending on the con¬ 
figuration of the body, A also being dependent upon the temperature. 
If the observed reference line subtends an angle ft with the line l 2 at the 
centre O. the angle which is observed will be <f> = 9 ± ft. After giving 
the theory of the instrument, the author states that the sensitivity is 


—v greater the smaller the angle a and is 

I a maximum when <f> = f$ or the imagi- 

. J nary line I* is horizontal. The observed 

s' y \ / angle, as already stated, is <f> = 9 + ft. 

/\\. /C When A, B, and are known, by 

\ plotting the tangents of 9 = (<f> — fl) 

\ - 1 — against the corresponding densities, 

*-— the best straight line, known as the 

calibration line, can be fitted to the three observations from which 


the scale can be constructed. The tangent of the inclination of the 
instrument to the horizontal when in equilibrium is proportional to the 
densities, and to demonstrate these points two actual instruments are 
described, with illustrations. The author proceeds with the develop¬ 
ment of high-sensitivity precision instruments requiring temperature 
control, and shows how by their use the density of highly viscous liquids, 
such as glycerine, can be determined comparatively rapidly. • 1 he 
cubical coefficients of expansion of liquids can be directly determined. 

T. C. H. 


1335. The Density of Graphite. E. Ryschkewitsch and E. Kdster- 
mann. (Zcits. Elektrochem. 30. pp. 86-88, Feb., 1924.)—The density of 
carefully prepared graphite at 16° C. is 2-232 gr. per c.c. Within the 
limits of error this agrees with the value deduced by Debye and Scherrer 
from X-ray measurements. A - A - 


1336. Mensuralional Characteristics of Photographic Film. F.E. Ross. 
(Eastman Kodak Co. Research Lab. Comm., No. 192. Astrophys. J. 59. 
pp. 181-190, April, 1924.)—The observation of Cheshire and of Curtis, 
that photographic film is subject to large and irregular contraction on 
development, is confirmed only in the case of "NC” or non-curling filnJ. 
For motion picture, aerial, portrait, and process film, the contractions and 
irregularities are found to be considerably less ; in the two last mentioned, 
only one-tenth (about 0- 05 per cent.) of those found by Cheshire and Curtis. 
The changes in length and width are different, the length of a film showing 
increased effect, due probably to strains in the roll. Films of all kinds are 
subject to parallel changes in length from day to day and from winter 
to summer, due to humidity conditions. There is no local distortion m 
portrait film or in motion picture and aerial. Local distortions of 10 P 
sometimes appear in '* NC ” film on development, which, however, gradu¬ 
ally disappear in a few days. Author. 
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1337. Surface Tension of Gelatin Solutions. C. E. Davis, H. M. 
Salisbury, and M. T. Harvey. (Indust, and Engin. Chem. 16. pp. 161- 
163. Feb., 1924.)—The surface tension of gelatin solutions is investigated 
by means of the Morgan drop-weight method. Increasing concentration 
causes decrease in the drop weight. The drop weight rises to a maximum 
with increasing temperature, and than falls until the transition temperature 
38° C. is reached, when it remains constant. With increasing pH values, 
the drop weight tends to reach a minimum at 38° C. for all concentrations. 
If the solution is first heated to above the transition temperature, deter¬ 
minations may be made up to about 10 per cent, ge 
diminishes slowly with the age of the solutions. 

1338. The Accurate Calibration of Capillary 7 
I. Masson. (J. Phys. Chem. 28. pp. 166-169, 

Feb., 1924.)—The capillary tube is set up ver¬ 
tically with the portion to be calibrated sur¬ 
rounded by a water jacket, perferably maintained 
at the temperature at which the capillary tube 
is to be employed subsequently. The lower 
part of the capillary is provided with a tap C, 
and the lower end is drawn out to a very fine 
jet. A side tube communicates with a tap 13. a 
mercury trap, and a vacuum pump. Calibration 
of the tube is carried out by exhausting the tube 
to various pressures and determining, by weigh¬ 
ing, the respective amounts of mercury with¬ 
drawn from the vessel A when the mercury 
meniscus stands at different points on the scale 
attached to the capillary tube. Schalkwijk's 
data are utilised in order to ascertain the cor¬ 
rection of volume to take account of the form 
of the meniscus (Phys. Lab. Leiden, Comm. 

No. 67, 1901, K. Akad. Amsterdam, Versl. 
p. 462, 1900, and p. 612, 1901). J. S. G. T. 

1339. Determination of Surface Tension from the Maximum Pressure 
in Bubbles. Part II. S. Sugden. (Chem. Soc., J. 125. pp. 27-31, Jan., 
1924.)—An improved form of apparatus is described and a simpler method 
outlined for calculating the surface tension from the observed data [sec 
Abstract 2040 (1922)]. Direct measurement of the diameter of the capil¬ 
lary tube may be avoided by using pure benzene, the surface tension of 
which is known sufficiently accurately, for purposes of calibration ; a 
table given shows the surface tension of benzene at temperatures from 
10° to 30°. For tubes of the ordinary size, the equation 

y = A • p(l + 0-69^) 

may be used, y being the surface tension in dynes per cm., A a constant 
for the particular apparatus. P the difference between the pressures 
required to liberate bubbles from the two tubes in dynes per sq. cm., 
D the density of the liquid, and r. 2 the radius of the wide tube in cm. 

T. H. P. 


latin. The drop weight 
B. W. C. 

ubes. K. J. Isaac and 
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1340. Surface Tension at the Surface of Separation of Water and an 
Organic Liquid in the Presence of Fatty Acids and Alkalis. R. Dubrisay 
and P. Picard. (Comptes Rendus. 178. pp. 205-208, Jan. 7, 1924.)— 
In a preceding note [see Abstract 383 (1924)] the authors have described 
the influence of the carbonation of the alkalis and of the addition of certain 
electrolytes on a phenomenon discovered by Donnan and utilised by 
Dubrisay in acidimetry. In this paper is described the influence of the 
nature of the fatty acids employed and of their concentration in the organic 
liquid. The phenomenon only shows itself in the case of fatty acid 
properly so called. The different terms of the series are compared together. 
A fixed proportion of acid. 0-5 %. was dissolved in benzene and into this 
solution was made to flow slowly standardised soda liquids of strengths 
N/1250 and N/2500, the volume corresponding to an invariable number 
of drops being measured. The results for pure benzene and for solutions 
in it of lauric, myristic, palmitic, stearic, oleic, erucic, and ricinolcic acids 
are given. The effect of introducing in the aqueous phase 1 per cent, of 
sodium chloride is indicated. For the saturated acids the phenomenon 
is more marked as the molecular weight increases. The effect of concentra¬ 
tion was observed in the cases of stearic, oleic, and ricinoleic acids. For 
stearic acid limits are set by the solubility of the acid in benzene. For 
oleic and ricinoleic acids the surface tension first decreases with increasing 
concentration, passes through a minimum, and again increases tending 
towards the value observed in the absence of alkali. The results furnish 
clear distinctive characters peculiar to the different fatty acids, and 
indicate the conditions for obtaining the maximum of sensibility in physico¬ 
chemical analysis. J- J- S. 


1341. Viscosities of Liquids Experimentally Correlated to Pendulum 
Dampings. E. H. Barton and H. M. Browninft. (Phil. Mag. 47. 
pp. 495-500, March. 1924.)—Plates dipping into tanks, and swinging near 
to the wall, at adjustable distances, were fixed to the pendulums used by 
the authors in a series of recent papers. The results were sufficiently 
consistent to show that it would be possible to use this method to construct 
a viscometer, and by suitably varying the size of the plates, and their 
distance from the axis, the apparatus could be made to deal with a wide 


range of viscositii 


W. G. B. 


1342. Capillary Tube Viscometers. G. Barr. Part /. (Journ. Sci. 
Instruments. 1. pp. 81-86. Dec., 1923.) Part II. (Ibid. pp. 111-116. 
Jan., 1924.)—A discussion of the principles underlying the construction 
and use of viscometers in which the viscosity of a liquid, relative to tha 
of some standard, is estimated from the resistance offered by a tube to 
the flow of the liquid through it. The well-known extended form of tne 
fundamental equation of Poiseuille 

rj = irr*PllBv(l + nr) - mpvlSnt(l -f nr) 

(where tj = viscosity of liquid, r = radius of tube, l = length of tube, 
P = time average of effective pressure difference causing flow, p = density 
of liquid, v = volume of liquid flowing through the tube in time t, m 
and n are constants) may be written rj = APt - Bp/t where, for a given 
instrument, A and B are constants to be determined by the use in n 
two different standard liquids. If the time of flow, /. is sufficiently long, 
the second term on the right-hand side may be made negligible, and 
vol. xxvii.— a.—1924. 


GENERAL PHYSICS. 


409 


calibration of the instrument then involves the use of only one standard 
liquid. The first part of the paper is devoted to a discussion of this 
second, or kinetic energy, term, and, in particular, the determination of 
the maximum diameter of the capillary tube which can be employed in 
the construction of an instrument for which the term may be neglected 
in the measurement of viscosities over a given range. The second part 
of the paper proceeds to discuss (a) the mean head obtainable in Ostwald 
viscometers (the reduction of the mean head in order to allow the use of 
the widest possible capillaries for liquids of low viscosity cannot be carried 
too far) ; (6) volume of upper bulb ; (c) drainage errors ; (d) ranges of 
viscometers. M. A. G. 

1343. Reliable Works Viscometer. M. Marasco. (Indust, and Engin. 

Chem. 16. pp. 172-173, Feb., 1924.)—This instrument consists of a rubber 
(or metal) bulb with a short tubulated orifice at each end, one of these 
being fitted with a short length of capillary glass (or metal) tubing, the 
other end of which fits into the hole of a rubber stopper and terminates 
flush with the lower surface of the stopper. The apparatus is dropped into 
the liquid to be tested, the time / required for submersion being a measure 
of the viscosity. If V’ is the viscosity in ccntipoises, V = at — b. where a 
and b arc constants obtained by calibration against liquids of known 
viscosities. Since the force tending to submerge the viscometer is a func¬ 
tion of the weight and specific gravity of the instrument, and also of the 
specific gravity of the liquid to be tested, a specific gravity-time correction 
curve must be constructed if it is desired to use the viscometer for liquids 
varying in specific gravity. T. H. P. 

1344. Simple Viscometer for Gases. A. O. Ranklne. (Journ. Sci. 
Instruments, 1. pp. 105-111, Jan., 1924.)—The instrument described was 
devised in 1910 [sec Abstract 1387 (1910)1, but experience has resulted 
in certain minor changes of procedure and theory, and these arc embodied 
in the present account. The underlying principle is the transpiration of 
the gas through a capillary tube, but it has been found possible to introduce 
considerable simplifications. The apparatus is readily adapted for 
measurements at different temperatures, and advantages arc, that only a 
small quantity of gas is required, so that rare gases may be used, and. in 
any case, there is no need to purify much. and. further, once the apparatus 
is filled, repeated determinations may easily be made. The instrument is 
more suited for comparative than absolute determinations, the accuracy 
in the former case being about one in a thousand, and in the latter about 
0 • 5 per cent. Details are given of the preparation and use of the apparatus. 

M. A. G. 

1345. Bifilar Ouartz Fibre Manometer. A. S. Coolidge. (Am. 

Chem. Soc., J. 46. pp. 680-681, March. 1924.)—Improvements on the 
author’s manometer [Abstract 2045 (1923)). Incidental remarks, supple¬ 
menting the main paper. A. D. 

1346. Acoustic Probes. Z. Carrtere. (J. de Physiquo et le 

Radium, 4. pp. 413-419, Nov.,. 1923.)—Describes apparatus for “ sound¬ 
ing ” the instantaneous velocity and pressure at any point of a given 
space in which there is an acoustic or other disturbance. Pressure 
diagrams more accurate than those given by Watt's indicator can be 
obtained. Other industrial applications are indicated. G. A. S. 
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1347. A Metal-to-Glass Joint. H. N. Ridyard. (Am. Chem. Soc. 
J. 46. pp. 28/-290, Feb., 1924.)—Details are given for coating soft glass 
hard glass, silica or glazed porcelain with homogeneous lead films and for 
soldering material, so coated, to metal. [See Abstract 2 (1924).] W. V. M. 


1348. New Types of Levelling Instruments using Reversible Bubbles. 
T. F. Connolly. (Optical Soc., Trans. 25. 1. pp. 21-35; Disc., 35-37, 
1923-1924.)—The paper describes the properties of reversible bubbles 
which can be used both graduated and ungraduated. Making use 
of certain of such properties, it can be shown how a true level can be 
obtained as the mean of two observations from a single station in an 
extremely simple manner. The theory is then applied to the design of 
various types of “ self-adjusting '’levels. A series of actual levels, following 
the author's theory and specially made for the paper, are illustrated. 
A specification for an ideal level, using the same theory, is given. The 
author also deals with the application of a reversible bubble to the 
adjustment of a collimator. Author. 


1349. Accuracy of Mollenkopf Spirit Levels. H. Loschner. (Zeits. 
Instrumentenk. 44. pp. 1-12, Jan.. 1924.)—Two Mollenkopf spirit levels 
are tested. In the case of the rough level the error in setting is 5'. for 
the precision level the error is 1*5*. Neither type has adjustment screws, 
but the departure from perfection in adjustment is very small. For hori¬ 
zontal testing it amounts to only 10 ' in the longitudinal section of each 
level, and J' and 1J' in the cross-sections of the precision and rough levels 
respectively. The corresponding figures for vertical testing are 1 J' and 
2 i' in the long sections and 19' and 81' in the cross-sections. G. A. S. 


1350. Chronometers. H. Bock. (Zeits. Instrumentenk. 44. pp. 22-27, 
Jan., 1924.)—A careful study of the effect of the oscillations of the main¬ 
spring upon the rating of a chronometer. Even with frictionless motion 
there must be a distinct anisochronism. A. D. 


1351. Foucault's Pendulum. F. Harms. (Phys. Zeits. 25. p. 96, 

Feb. 15, 1924.)—A simple arrangement, with a long light-pointer, for 
demonstrating a change of the relative plane of oscillation from one 
oscillation to the next. A. D. 

1352. Calibrating Single-Lever Testing Machines. C. Jakeman. 
(Journ. Sci. Instruments, 1. pp. 120-122, Jan., 1924.)—In the standard 
type of testing machine, consisting of a single lever resting on a knife 
edge and provided with a sliding weight where the upper end of the test 
piece is attached to a second knife edge upon the lever, there are two 
sources of error: (1) The distance between the knife edges and (2) the 
value of the jockey weight. Whatever the calibration shows, it is not 
possible to alter the knife-edge distance, but it is always possible to adjust 
the jockey weight to the required value to give correct indications on the 
machine. Two additional suspended scale pans F lt F 2 , are provided 
upon the lever at Dj and D 2 respectively, as distant as possible to make 
known alterations to the moment. In addition, two or three 100-lb. 
weights for which corrections are known, a number of accurate 2 -lb. 
weights, and an accurate set of weights from 1 lb. to 0 001 lb. are required. 
In the diagram L is the measured distance between the auxiliary suspen- 
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sion points D lt D 2 . d the distance between the knife edges K lf K.» to be 
determined, S the shift of the jockey, and F 3 a scale pan attached to the 
loading shackle. The author gives examples of the determination of 



W and d from the formula W - M 1 X L/S. where M, is the total mass 
moved from F t to F* ; and d = Lx »i/M 2 where m is the sum of the 
weights removed from Fo to F. and Mo is the total mass hung from 1 * 3 . 

T. C. H. 


1353. Clock-Controlled Tuning Fork as a Source of Constant Frequency. 
J. G. Ferguson. (Bell System Techn. J. 3. pp. 145-157, March, 1924.)— 
The fork is operated by a driving magnet and make-and-break contact. 
It can be adjusted to operate at 60 cycles and is designed to drive a 
synchronous distributor that rotates once for every 10 cycles of the fork. 
By a 6 to 2 reduction gear and a contact operated by it an impulse may 
be obtained once every 25 cycles of the fork. If the fork oscillates at 
exactly 60 cycles per second, the time interval will be exactly 0 -5 sec., this 
time interval being shorter or longer as the speed of the fork increases or 
decreases. The diagram shows the details of the control. When the 
clock contact closes, the relay operates and locks till the fork contact 
closes, short-circuiting the winding 
of the relay, which then releases. 

While the relay is operating, the 
condenser C is charged through the 
resistance r, by the battery B, the 
voltage of which is such that when 
applied to the grid of a vacuum 
tube will reduce the space current to 
zero. The condenser C continually 
discharges through the resistance r 2 . 

The mean potential of the condenser, 
applied to the grid of the vacuum 
tube, modifies the space current, 
which is passed through the damping 
coil of the fork. The change in fre¬ 
quency of the fork due to the current 
in the damping winding is a combina¬ 
tion of several effects which the 
author describes. Any change in the ratio r^r^ such as might occur with 
temperature, will change the phase relation between the fork and the clock. 
After the phase angle has been once adjusted, hunting is practically pre¬ 
cluded. The maximum variation of the fork from the clock over a period of 
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8 hours was found to be less than 0 • 02 sec., or one cycle. Methods of ascer¬ 
taining the accuracy of the fork and the clock are given in detail, and a 
new type of clock mechanism consisting of an electrically actuated pendu¬ 
lum, whose impulse is controlled by a photoelectric cell.ds suggested. 

T. C. H. 

1354. The Vector-Ruling Protractor. A. F. Zahm. (Frank. Inst., J. 

107. pp. 200-215, Feb., 1024.)—The author has previously described a 
vector slide-rule [Abstract 1185 (1921)] for determining a vector in magni¬ 
tude and position when given its components and its moment about a 
point in their plane. Frequently it is necessary to know only the line 
of the vector and not its magnitude. The present paper shows how this 
can be done by the use of a circular protractor and a guiding straight 
edge along which it can move. The apparatus has been devised for 
aeronautical work. A. E. C. 

1355. Friction between Sliding Surfaces and Effects Produced by Electric 
Currents Passing Across such Surfaces. H. M. Barlow. (Inst. El. Eng., 
J. 62. pp. 133-159, Feb., 1924.)—After a brief survey of other work on the 
passage of electricity across an imperfect contact, the author describes 
apparatus for measuring the variation in the normal presence at a sliding 
contact when carrying a current. Two arrangements, the “ torsion " 
and the " steelyard ” were used. In the torsion apparatus the sliding 
parts consist of two concentric flat rings ; the upper attached to a torsion 
wire while the lower is supported on a horizontal table rotated by a motor, 
the twisting force due to friction at their contact being measured by 
revolving the torsion head until the top ring is brought back to its position 
whon freely suspended. The active parts are enclosed in a gas chamber 
having an oil seal to allow relative motion. Current is led to the upper 
contact ring through a mercury trough. Other details of the apparatus, 
and the preparation of the rubbing surfaces are described. The steelyard 
apparatus was devised to meet the difficulty in obtaining certain non- 
metals in the form of a ring. Here a semi-conducting cylinder is mounted 
on a metal shaft and rotated in a horizontal plane by a motor, through a 
reduction gear. On the cylinder rest two brake blocks attached to an 
aluminium rocker having arms, and projecting in opposite directions. 
The blocks are insulated from earth and from each other, but are connected 
to two mercury cups through which current passes, the circuit being 
completed by the semi-conductor. All the experiments on the metals 
were made during the constant friction state, and when seizing occurred 
the surfaces were reground. In certain cases the influence of heat caused 
a reduction in the friction forces, eg. copper and graphite. The author 
suggests that *' seizing ’’ is probably an exaggerated form of surface 
distortion, occurring when the elastic limit has been exceeded. The electric 
current does not alter the coefficient of friction but merely adds or subtracts 
from the pressure between the surfaces an amount depending on the 
magnitude of the current passing. Several curves are given to show the 
variation of intensity of pressure with current. The influence of electro¬ 
dynamic action is relatively negligible. Several special cases are given 
of various contacts. The author investigates the nature of the " stiction " 
and slipping effects and goes very fully into the theory under various 
sub-headings. He concludes that materials such as slate, red fibre, etc., 
can only be classed as dielectrics in virtue of their high contact resistance, 
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and that the true body conductivity of these semi-conductors cannot be 
measured with mercury electrodes. The paper ends with a description 
of experimental work on. and the theory of. the electrical elfect at stationary 
contacts. T. C. H. 

1356. The Compressibility of Five Gases to High Pressures. P. VV. 
Bridgman. (Am. Acad., Proc. 59. pp. 173-211, Jan., 1924.)—A detailed 
account of an investigation of the changes in volume of H. He, N, NH 3 , 
and A when subjected to pressures ranging from 3000 kg. per sq. cm. to 
15,000 kg. per sq. cm., and at temperatures 30®, 65°. and 95® C. [Abstract 
379 (1924)]. The apparatus employed was a modified .form of that used 
by the author in his experiments on the compressibilities of liquids. A 
steel bomb is filled with the gas at an initial pressure of about 2000 kg. per 
sq. cm. A valve at the bottom of the bomb opens inwards and admits 
kerosene from a surrounding compression cylinder. The pressure is 
measured by the change in electrical resistance of a manganin coil, and 
the change in volume of the gas from observations of the position of the 
compressing piston. Although the experiments at the three temperatures 
do not admit of an exact evaluation of the thermal expansion coefficient 
of these gases, yet it seems probable that the coefficient remains large 
at the high pressures. The tables of results and curves given in the paper 
include graphic representations of—(1) The vol. in c.c. per mol. as a 
function of the pressure. Over the range 3000 to 15,000 kg. per sq. cm. 
the values for N vary from 36 to 25 c.c. per mol., for H from 24 -4 to 
15-5, and for He from 22*2 to 11-8. The gaseous densities under the 
highest pressures arc such that the molecules or atoms arc nearly in 
contact from the standpoint of the kinetic theory. (2) Compressibility 
as a function of pressure. As the pressure increases the compressibility 
approaches that of ordinary liquids under the same pressure. Helium 
shows the greatest change and N the least over the range of pressures 
employed. This may be accounted for by the compressibility of the 
atoms or molecules themselves. N being complex as compared with He. 
(3) The product pv as a function of pressure. This increases with the 
pressure being slightly concave to the pressure axis. Over the range of 
pressures the increase in the product is 16 for N, 9 for H, 6 for He. The 
results are compared with various equations of state, but no satisfactory 
agreement is found. Becker’s equation for N [Abstract 1801 (1921)] 
approaches most closely to the experimental results for this gas. 

L. L. 

1367. Experiments on the Effusion of some Vapours. E. Voss. 
(Ann. de Physique. 20. pp. 66-110, July-Aug., 1923.)—A memoir dealing 
with the effusion of vapours through small openings. Four vapours were 
studied : Water, benzene, carbon tetrachloride, and monochlorobenzene. 
The effusion through small openings in a thin disc may take place in 
various ways: (1) In the region of atmospheric pressure the flow takes 
place with adiabatic expansion ; ( 2 ) at lower pressures one obtains a 
flow under isothermal conditions ; (3) at very low pressures the effusion 
is molecular. The regions where the different types of flow are produced 
are separated by zones of mixed effusion. The experiments described in 
this paper bear on the flow under isothermal conditions and the upper 
part of the zone of mixed effusion. In the paper a process is described 
in detail for obtaining fine apertures in extremely thin discs or membranes, 
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and for measuring the areas of these openings. The membranes were 
obtained as follows : A solution of celluloid was made in equal parts of 
absolute alcohol and ether. Of this solution 0-4 c.c. was placed in a 
ring of iron floating on a mercury surface. After evaporation of the 
solvent a membrane is left in the ring. The holes were made by subjecting 
the films to minute droplets of sulphuric acid obtained by forming a mist 
in a tower and allowing it to deposit on the film and then heating carefully. 

E. G. 

1358. Properties of Gases in High and Low Vacua. (Engineering, 

117, p. 330, March 14 ; 365-366. March 21 ; 387, March 28. and p. 429, 
April 4, 1924. Lectures delivered before the Roy. Inst.)—In the first 
of the course of lectures delivered by Sir E. Rutherford, the history is 
given of the production of vacua from the original experiments of Torricelli 
in 1643 and the invention of the air pumps by von Guericke up to and 
including the introduction of the Gaede molecular pump in 1912. The 
work of Geisler and of Sprengel, who invented the first mercury pumps, 
and Dewar’s discovery of the fact that charcoal cooled by liquid air has 
an extraordinary power of absorbing gases, are mentioned. In the second 
lecture the Gaede diffusion pump which operates by the diffusion of the 
air to be exhausted into a very rapidly moving stream of mercury-vapour, 
and the pumps due to Langmuir and Kaye arc described. This second 
paper is illustrated with sectional diagrams of the various pumps, and 
graphs showing speeds of working of the pumps. In the third lecture 
various gauges are described including the tilting mercury gauge of 
Rayleigh, the well-known MacLeod gauge, that due to Knudsen, the quartz 
fibre decrement gauge, and the Pirani gauge. Diagrams of the Knudsen 
and quartz fibre gauges are given. In the last lecture the moleculer 
gauge of S. Dushman, which is reliable down to pressures of 10 " 6 cm., is 
described. Below 10"® cm. the oscillations of this instrument become 
troublesome, as there is no damping. Pressures can also be measured 
by means of thermionic valves. If the gas within the valve were at a 
reasonable pressure, the electrons sent by the filament over to the grid 
would collide with gas molecules and produce positive ions proportional 
in number to the number of the residual gas molecules. Other points 
dealt with are evacuation by means of charcoal and the difficulty 
experienced in these experiments due to the gradual liberation of gas 
and moisture from the walls and material of the apparatus. A diagram 
of Dushman's molecular gauge is given, as are also curves indicating the 
liberation of gas. chiefly water-vapour, at temps, ranging from 100 ° .C. to 
600° C. A. E. G. 

1359. Electrical Method for the Determination of Velocities of Detonation. 
J. E. P. Wagstaff. (Roy. Soc., Proc. 105. pp. 282-298. March 1, 1924.)— 
A method is described for the measurement of time intervals of the order 
of 3 x 10 " 3 secs. This depends on measuring the residual charge in a 
condenser initially charged to a known potential, when it has been allowed 
to discharge through a resistance for the time to be measured. The theory 
is checked by measuring by this means the time of contact of rebounding 
steel balls and the agreement with theory is good. Application to the 
measurement of velocity of detonation is made by having two fine 'vires 
passing through a column of explosive. The first is in series with a battery 
which charges the condenser initially, the second in series with a resistance 
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across the condenser. The resistance is of such a magnitude as to make 
the decay viscous. After firing, the condenser is discharged through a 
ballistic galvanometer. Errors are introduced by conduction through 
the explosion gases, by lag in the breaking of the wires, by thermo-electric 
effects, and by leakage, but can be eliminated. Very consistent results are 
obtained using lengths of explosion as low as 15 cm. A. Wh. 

1360. The Transmission of Detonation at a Distance. E. Audibert. 

(Colliery Guardian, 127. p. 153, Jan. 18, 1924. From Annales des Mines.) 
—In order to determine the aptitude of an explosive for transmitting 
detonation through an air-filled space, the following method is used at 
the Montlu 9 on Experimental Station. Two cartridges, separated by a 
free space of length d. are inserted in a shot-hole bored in a block of clay. 
Two distances d Q and d x are then determined, such that detonation is 
always transmitted from the first cartridge to the second when d < d Q , 
but never occurs when d > d x . These experiments have been continued, 
both in the open air and as above in a shot-hole. The study of the factors 
influencing the transmission of detonation, besides its theoretical interest, 
may also afford valuable information on the precautions to be adopted 
in blasting coal. The factors in question include the diameter and density 
of the cartridges, the chemical composition of the cartridge (especially 
the moisture content), the physical condition of the charge, the weight of 
the detonated cartridge, and the nature of the detonator. The conclusions 
drawn from a number of tests are. that whether the tests are carried out 
in the open or in a shot-hole, there exists for every explosive of definite 
composition and well-defined physical condition a limit distance of trans¬ 
mission of detonation. Irregular results arc due cither to defective 
apparatus, or to slight variations in the composition or physical condition 
of the explosive examined. Stress is laid on the importance of prevention 
of absorption of moisture during storage. T. B. 

1361. Accuracy and Sensitivity of a Pressure Gauge of the Amagat 
Cylinder Type. A. Michels. (Ann. d. Physik, 73. 7-8. pp. 577-623, 
March 1924.)—The pressure in this type of gauge is applied and measured 
by loading a piston which fits accurately into an outer cylinder containing 
oil. This oil transmits the pressure, which can be calculated in the usual 
way from a knowledge of the load and the area of the piston. The 
particular instrument under test here is one based on the design of 
Schaffer and Budenburg. It goes up to 250 atmospheres. The first 
part .of the paper deals with the sensitivity and constancy of zero at 
different pressures. The gauge is connected to a hydrogen manometer 
(Cailletet tube) through the glass walls of which are sealed at intervals 
5 platinum contacts. When the mercury in the manometer reaches one 
of these an attached galvanometer gives a kick. Thus each contact 
corresponds to a perfectly definite pressure in the manometer and there¬ 
fore in the gauge also. By slightly varying the load on the piston whilst 
the mercury is in the neighbourhood of one of the contacts, it is possible 
to determine very accurately the sensitivity and to check the zero. For 
five different pressures ranging up to 250 atmospheres the sensitivity was 
found to be 1 / 120,000 and the zero constant to a higher degree. 

The effective cross-section of the piston was found as follows. The 
gauge was loaded to, say, 200 atmospheres, and then a further load of 
10 atmospheres (about) added. By a special device the exact amount of 
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this extra load could be registered on a mercury manometer. Knowing 
the weights added to the piston to produce this increment, the effective 
area is easily calculated. It is concluded that this area is the mean 
between that of the piston and that of the containing cylinder. Then 
follows a discussion (partly mathematical) of several other points. The 
effect of friction between the piston and cylinder, the effect of viscosity 
of the oil, the correction to be made because of the sinking in of the piston 
into the cylinder, effects of distortion due to pressure, etc. Numerical 
values are found for these corrections, which are in all cases small, and it is 
concluded that a gauge of this type can give results exact to about 
1 in 20.000. A. A. D. 

1362. Automatic Pressure Regulator. L. E. Dawson. (Indust, and 

Engin. Chem. 16. pp. 160-161, Feb., 1924.)—This regulator consists essen¬ 
tially of a form of trap or baffle connected by means of two vertical tubes 
of different diameters and lengths with a reservoir of mercury open to the 
atmosphere. The action depends upon the passage of a certain quantity 
of air through the tubes of smaller diameter when enough mercury in the 
reservoir to uncover the lower end of the smaller tube has been forced 
through both tubes into the trap. Further passage of air is stopped when 
the mercury in the reservoir rises by returning through the larger tube and 
closes the end of the smaller tube. The trap may be made from a test 
tube with an L-shapcd side tube sealed in about 3 cm. from the closed 
end of the test tube, with the long arm turned facing away from the open 
end of the test tube, and on-this is sealed a small tube to connect the 
regulator to the system which is to be kept at constant pressure. The 
open end of the tube is closed with a cork into which two glass tubes, one 
of which is much smaller in diameter than the other, are fitted, the free 
ends dipping into a mercury reservoir so attached to a separatory funnel 
that the height of the mercury in the reservoir can be adjusted. The end 
of the smaller glass tube is flared where it dips into the reservoir, so as to 
ensure greater sensibility. The regulator is connected to a suction flask. 
As described, the apparatus is for pressures less than atmospheric. With 
systems under pressures greater than atmospheric, slight modifications 
have to be made. T. C. H. 

1363. The Preparation of Membranes with Uniform Distribution of 
Pores. F. E. Bartell and M. van Loo. (J. Phys. Chem. 28. pp. 161-165, 
Feb., 1924.)—Membranes having different degrees of permeability and 
the same number of pores per unit area of membrane may be prepared 
by the method devised by Bartell and Carpenter [see Abstract 2006 (1023)]. 
The authors find that as the result of vortex action during drying, such 
collodion membranes have a cellular structure. Membranes prepared 
from the same medium have the same number of cells per unit area, and 
hence, assuming that the pores in the membranes are the centres of theso 
cells, have necessarily the same number of pores per unit area. The 
permeability of the membrane, which is largely dependent on the diameter 
of the pores, may be varied by arresting the vortex action at different 
stages by removal of the volatile constituent of the collodion. 

1364. The Elasticity of. Jellies Submitted to Electric Deformations. 
The Mechanism of Muscular Contraction. F. Michaud. (Comptes Rendus, 
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178. pp. 993-994, March 17, 1924.)—Certain jellies traversed by an electric 
current contract at the anode and swell at the kathode [Abstract 
1698 (1923)]. The present paper deals with the behaviour of the jelly 
after the current ceases. The effects are complicated, for in some cases 
the recovery to the original shape is almost immediate whilst in others 
it occupies several hours. Thin layers recover the more quickly and 
recovery can also be hastened if the jelly is prevented from contracting 
transversely in certain regions. This last effect throws light on the 
mechanism of muscular contraction. A. A. D. 


1365. Tables of Values of the Integral \K 0 {t)dt. S. P. Owen. (Phil. 
Mag. 47. p. 736, April, 1924.) 

1366. Plasticity and Elasticity. E. C. Bingham. (Frank. Inst., J. 
197. pp. 99-115, Jan., 1924.)—The author discusses the phenomenon of 
plastic flow in its relation to elasticity in the light of recent researches. 


1367. The Viscous Flow of Plastic Material at Low Velocities. B. 
Marzetti. (Accad. Lincci, Atti, 32. ii. pp. 390-402, Dec. 2, 1923.)— 
The rate of efflux of plastic rubber from small nozzles is studied and the 
results tabulated. From three series of determinations with different 
conditions it is concluded that the quantity of material Q expelled in 
time t by an applied force F will be given by Q/t — K(F — /), where 
K and / are constants. A. Wh. 

.* i 1368. Volume Change of Metals during Solidification. H. Kudo. 
(Inst, of Metals, J. 30. 2. pp. 121-137 ; Corres.. 137-138. 1923.)—Gives 
details of the measurement of the change of volume during solidification 
Or melting for a number of metals having melting-points up to 1100° C. 
The method used consists in the measurement of the change of buoyancy 
of the metal suspended in an inactive liquid during its solidification or 
melting by means of a thermobalance, which is described and illustrated. 
The results obtained are as follows: Hg 3-75, Na 2-53, K 2-81, Sn 2-80. 
Bi - 3-32, Th 3 *23. Cd 4-74, Pb 3-44. Cu 4-05, A1 6*26 per cent. These 
figures are in fairly close agreement with previously reported results, and 
the following new determinations are also given: Rb 2-67, Au 5-17, 
Ag 5 00 per cent. In the correspondence T. Turner points out that 
when metals are cast in sand-moulds there is usually an expansion noted 
immediately after solidification begins, and that although the metal 
itself does not expand, the casting does. C. O. 13. 

1369. Elastic Distortions. I. Terni. (N. Cimento, 26. pp. 147-156, 
Oct.--Nov.-Dec., 1923.)—Discussion of the question whether when dis¬ 
placements are rigid at the bounding surface, the parameters of dilatation 
and- their derivatives are finite- and continuous point-functions at all 
points and at the bounding surface, and whether the increments of the 
second and third' derivatives .of the components of displacement are 
null at the bounding surface, whence would follow that the increments 
of the first and second derivatives of the dilatation-parameters are also 
null over the surface. Conclusion in the affirmative. A. D. 
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1370. Development of a Frequency Function and some Comments on 
Curve Fitting. E. B. Wilson. (Nat. Acad. Sci.. Proc. 10. pp. 79-84, 
l eb., 1924.) The relative utility of various methods of expansion for 
the development of a function for theoretical or practical statistical 
purposes is discussed, and a variation of the general theorem of Fisher, 
based upon the Gaussian or normal frequency function is set forth, and its 
merits and demerits examined. The case of the number of petals in 
Ranunculus is chosen as an example, and the results obtained according 
to various methods graphically and tabularly compared. A. B. C. L. 

1371. Difference-Penodogram for Rapid Determinations of Short Periodi¬ 

cities. C. E. P. Brooks. (Roy. Soc., Proc. 105. pp. 346-359, 
March 1, 1924.)—This method is useful in the preliminary exploration 
of long meteorological records of periodic or quasi-periodic components. 
In order to bring out the influence of the particular periodicity under 
investigation in a long scries of observations, and to eliminate the effects of 
longer periodicities or of secular variation, the following operations are 
performed. (1) Divide the series into a number of equal sections, a, b, c, 
d, c, etc., each slightly greater or slightly less than half the length of the 
period. (2) Obtain the mean value of each of these sections. (3) Form 
the differences ( a-b ). - (b-c), (c-d), - (d-e), etc. (4) Form the 
mean of successive differences so that we have: J{(a-5) - (5-c)}, 
H -{b-c) (c-d)), \{(c-d) — (rf-*)}. (5) Plot the figures obtained 
in (4) with a horizontal time scale. It is shown how from this curve 
the details of the periodicity may be obtained. As examples, the 
method is applied to the analysis of rainfall records and temperature 
observations. The details of the periodicities found agree fairly well with 
those obtained by the more accurate but more laborious method of 
harmonic analysis. A. A. D. 

1372. Wave-Motion Models having " Dispersion ” and " Filter " 

Properties. T. B. Brown. (Optical Soc. of America, J. and Rev. Sci. 
Inst. 8. pp. 343-351. Feb., 1924.)—The mechanical models considered 
here consist of (a) systems of simple pendulums, the bobs of which are 
connected by springs, (b) an endless cord running over a series of fixed 
and movable pulleys of negligible mass, the movable pulleys supporting 
the coupling masses. Each case has its electric analogue. The trans¬ 
mission of waves along such systems is considered (for the steady state) 
as the forcing frequency is varied. Diagrams are given to show the range 
of waves which each system will pass or stop. All the models have 
" dispersion ” properties, and one in particular illustrates very well the 
idea of anomalous dispersion. It is suggested that the models might 
prove useful in the experimental study of the transient phenomena leading 
up to the steady state. The work in the present paper is purely theoretical. 
[See also Abstract 1008 (1922).] A. A. D. 

1373. The Terminal Velocity of Particles of Powdered Coal Falling in 
Air or other Viscous Fluid. J. Blizard. (Frank. Inst., J. 197. pp. 19*- 
207, Feb., 1924.)—From dimensional considerations, and the results of 
a series of experiments by E. Audibert, the formula for the terminal 
velocity, U(cm./sec.) is: 

u = (£)** 

3-4*Q-27 \ d ) 
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where a is the diameter of the particle, in microns ; v the kinematic 
viscosity of the fluid (e.g.s.) ; D the density of the particle (e.g.s.) : and 
d the density of the fluid (air = 1). It is shown that the effect of 
temperature is practically negligible, and that the particle attains its 
terminal velocity after a fall of a few inches only, under conditions occurring 
in practice. W. G. 1J. 

1374. Experiments on Copper Wire. D. H. Ingall. (Inst, of Metals, 
J. 30. 2. pp. 171-188 ; Disc., 188-196. 1923.)—The author gives the results 
of a number of experiments in which annealed copper wire and the same 
wire after reductions of cross-sectional area of 25, 40, 50. and 75 % by 
drawing, were tested under constant load at a varying temperature, in 
order to obtain the temperature at which the wires broke under a given 
load. The temperature-load curves obtained show an inflection at about 
350° C. and the straight-line portion of the curve up to this temperature 
conforms to the ordinary algebraical equation y = a + bx where y is the 
tensile strength, x the temperature, and a and b are constants. The value 
of the constant a indicates a relative measure of the susceptibility of the 
material to hardening or strengthening by cold work and constant b 
the susceptibility to softening or annealing with rise of temperature. The 
relationship between the increase in value of b and the reduction of area 
by drawing indicates that the tensile strength of the copper used is a 
linear function of both temperature and amount of cold work. The portion 
of the curve beyond 350° C. corresponds to the equation xy n -* h, where 
n and k are constants and either .v or y may be cohesion or temperature 
as the case may be, and it is found that in this range, the tensile strength 
of the copper used is a function of both temperature and cold work up 
to 60 % reduction. Up to the critical temperature 350° C. the fracture 
took place across both grains and grain boundaries and above 350° there 
was an indication that fracture took place along the boundaries only. 

C. O. B. 

1375. The Constitution of Solids. C. K. Mendenhall. (Science, 59. 
pp. 219-230. March 7, 1924. Address delivered to the Am. Phys. Soc., 
Dec., 1923.)—An outline of recent work on the properties and constitution 
of solid bodies. Recent results of X-ray analysis of crystals are discussed 
and emphasis laid on Shearer’s theory of molecular symmetry. A renewed 
interest in the dynamical theory of crystal lattices is noted, and important 
phenomena of phosphorescence and fluorescence arc described as well 
as Darwin’s quantum theory of refraction and dispersion. The properties 
of metallic solids have been elucidated by Bridgeman’s work on the 
variation of electrical properties at high pressures, and other developments 
mentioned include Whittaker’s proposed mechanism to account for the 
interchange of energy by quanta between an atom and an electron. 

A. W h. 

1376. On the Energy Components in Hilbert’s Theory of Matter. A. 
Bikowski. (Zeits. f. Physik. 21. 6. pp. 299-303, 1924.)—In his work 
on the differential laws for the conservation of impulse and energy in 
the Einstein gravitation theory, Klein, by employing the classical methods 
of the calculus of variations, has given a clear interpretation to the Hilbert 
theories. The present author now seeks to extend the Klein considera¬ 
tions. Using the latter’s nomenclature, the infinitesimal transformation 
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of the world parameter = 1, 2. 3. 4). 8w r = p\ is applied to the 
quadruple integral T 2 = JJ ffLdw. where dw is the invariant space element, 
dw = Vg dw'. . . dw* = ds. and L is the electrical component of the world 
function. A series of differential relations then arise which are satisfied 
identically by L. By 'their aid the so-called energy components of the 
electromagnetic field can be defined. The expression obtained does not 
admit, however, of a physical interpretation, but its validity is established 
for cases in the special theory of relativity. H. H. Ho. 

1377. The Nucleus of the Atom. (Engineering, 117. pp. 458-459, 
April 11, 1924. Discourse before the Roy. Inst.)—This is an account of a 
discourse by Sir E. Rutherford, describing the present state of the theory 
of the atomic nucleus, and in particular the deduction of the minuteness 
of the nucleus from the scattering of a-particles when they pass through 
matter. Experiments are described to illustrate the scattering at all 
angles, including nearly 180 °, a head-on collision, and also the difference 
between swift and slow particles. The experiments of Chadwick and 
E. S. Bieler with lighter atoms, where the a-particlc may be expected to 
approach closer to the nucleus than in the case of heavy atoms, are dealt 
with ; the inverse square law no longer holds at closest approach. Bieler 
found that with aluminium the repulsive .and attractive forces seem to 
balan^ at 4 x 1(^ 13 cm. The work of J. Chadwick and C. D. Ellis on 
the j8-ray-sj*ctra*of RaB and RaC is noticed and the determination by 
Ellis of the wave-lengths of the y-rays from the nucleus, which falling on 
the satellite electrons produce the /3-radiation ; energy levels in the nucleus 
have been determined, changes l>etween which produce these y-rays, and 
these levels are very similar for RaB and RaC ; but the former are displaced 
in the direction of less energy. Protons have been ejected by the lecturer 
by bombarding with a-particles Ne. Mg. Si, S, Cl, Ar, and K, in addition 
to the original six " active " elements; H, He. Li. C, and O gave no effect, 
Be (metallic) gave a slight effect, which may be due to a contamination 
with fluorine ; a number of heavy metals gave no effect. Possible directions 
of further research were indicated, and the lecturer concluded by remarking 
that much more progress had been made in solving the most fundamental 
problem of <physics, that of the structure of the nucleus, than he had 
thought possible ten years ago. H. N. A. 


1378. A Spectroscopic Confirmation of Bohr's Distribution of Electrons 
in the Model of the Casium Atom. E. Fues. (Zeits. f. Physik, 21. 5. 
pp. 205-280, 1924.)—The author has previously shown that it is possible, 
in the case of sodium I, to determine an atomic field which allows the 
spectral terms to be calculated with a small percentage of error, without 
considering in detail the mutual influence of the moving electrons on one 
another ; it is also possible in a simple manner to study the relationship 
between the spectra Nal. Mgll and A1 III. The full value of the method, 
and particularly its applicability to the X-ray terms, could only be tested 
on an atom with complicated electronic structure, and the cicsium arc 
spectrum has therefore been investigated in the present paper; .to* 
formula; have been extended to include relativity effects tire influence o 
which, as seen in the relativity X-ray doublets, is here very great. It & 
shown that the only universal constants that enter into the calculation 
are Rydberg’s number and Sommerfeld’s fine structure constant; an 
the connection between the potential found and the increase of nuclear 
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screening is worked out. so that practical calculations can be made. An 
atomic field is found in which orbits exist which agree with the terms of 
the caesium spectrum from the point of view of energy, and also with 
the quantum rules (the calculated quantum numbers k and «' are very 
nearly whole numbers). It turns out indeed that the method is particu¬ 
larly convincing in the case of this complicated atom. The arc spectrum 
of magnesium is also dealt with, as in this case a strong mutual action of 
the two outer electrons was to be expected. The paper concludes by 
showing how the calculated central fields can be explained by means of 
models, without any definite representation of the mutual play of the 
electrons. The author’s statical Ersatz *' model is built up on the 
assumption that the spectroscopic calculation of the field can give an 
insight into the true dimensions of the electronic layers, and, using 
Bohr’s electron distribution, into those of the separate groups of orbits, 
with the same degree of accuracy with which it represents the spectral 
terms. From this model, using certain very probable assumptions as 
to the distribution of the electrons, a second field distribution can be 
calculated, which is in fact in very good agreement with the first, which 
was obtained without the help of a model from purely spectroscopic 
considerations. H. N. A. 


1379. Inner Quantum Numbers for Neutral IIflinty . A. E. Ruark, 
P. D. Foote, and F. L. Mohler. (Optical Soc. of America, J.*and Rev. 
Sci. Inst. 8. pp. 17-19, Jan., 1924.) —The narrow doublets of helium owe 
their origin to a double p term, and in this case \X\cflp x level has a greater 
wave number than the 2 p 2 . Analogy with the alkalies makes it probable 
that the composite doublets of the helium diffuse series will be found to 
consist of three members. Lohmann has detected a satellite with a 
wave-length slightly greater than D s , though the observation needs confir¬ 
mation. using crossed echelons. Assuming this line not to be a ghost, 
inner quantum numbers are allocated. They are 2/>,-3rf,. 2p 2 -3</ 2 , 
2/> 1 -3rf 2 in order of decreasing intensity. Usually the first and last 
are not resolved owing to the closeness of the d terms. 2p 2 ~3d x is 
ruled out by the selection principle. Inverse p levels are not known in 
other doublet spectra. Energy diagrams are given for this case and for 
cases where d is inverse, and both p and d are inverse. The inner quantum 
number j for the s states may be 1 or 2. the evidence is insufficient to 
discriminate between them. A. Wh. 


1380. 7 he Simultaneous Action on the Hydrogen Atom of Intersecting 
Homogeneous Electric and Magnetic Fields. O. Klein. (Zeits. f. Physik, 
^2. 1-2. pp. 109-118, 1924.)— The question of the simultaneous action 
on the H atom of a homogeneous electric and a homogeneous magnetic 
field whose directions form any angle with each other has been discussed 
from many sides. Whilst each field by itself (neglecting the small diver¬ 
gences from the laws of ordinary mechanics given by the theory of relativity) 
produces to a first approximation purely periodic secular disturbances 
in the motion of the electron, the corresponding motion appears to be 
of more complicated nature with the existence of both fields. It was 
almost suspected that these disturbances possess a completely unperiodic 
character, which according to the principles of the quantum theory would 
have for consequence that no well-defined stationary state could exist. 
Epstein by the method of calculation of perturbations has shown the 
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disturbances in question to be of complex periodic character. Halpern 
reaches the same result, and exhibits the solution of the problem as an 
endless series whose convergence he maintains. The author shows that 
the solution of the problem can be obtained in the concluding form given 
by Epstein in a very simple way whereby the character of the motion is 
at the same time manifested. The method used corresponds to that 
employed by Bohr for the calculation of the Stark effect, and which 
enabled this phenomenon to be explained in a specially simple and clear 
way. The paper contains the mathematical calculation of the secular 
disturbances, and the resulting determination of the stationary state 
in the case of the system in question. Later the author intends to publish 
some observations upon the behaviour of the system with adiabatic 
changes of the external fields, upon the intensity and polarisation of 
the spectral lines affected, together with the treatment of some further 
cases by means of a similar method. J. J- S. 

1381. The Theory of Helium. F. J. v. Wisniewski. (Phys. Zeits. 26. 
pp. 135-137, March 15. 1924.)—Of the investigations published recently 
by Land£, Tank, and Bom and Heisenberg on the helium atom, only 
negative results are mainly recorded, which has led to the opinion that 
the principles of classical mechanics are insufficient for the determination 
of the electronic movements. The present author now treats the problem 
by a somewhat different method to that employed by the above authors, 
and shows that certain corrections of the terms agree very well with those 
determined for parhelium and especially so with the d-terms. The problem 
is reduced by him to the solution of that of three bodies, and is accom¬ 
plished for this special case by the assumption that the nucleus is at 
rest and that the first electron moves in a circular orbit with constant 
angular velocity. The three-body problem is then simplified to that of 
the motion of the second electron. The paper is entirely mathematical. 

H. H. Ho. 

1382. Distribution of Electrons in the L Levels of Atoms. A. DauviHler. 
(Comptes Rendus, 178. pp. 476-479. Jan. 28. 1924.)—De Broglie has shown 
that a knowledge of the relation intensities of the absorption bands due 
to the electrons in an atom allows the relation numbers of these to be 
calculated. The L absorbtion of gold is investigated. A photometric 
method employing a continuous spectrum which is photographed througn 
the substance and through an echelon wedge of aluminium is used. Tlus 
method is not precise enough for measurements on intense lines, and in 
this case direct measurement with an X-ray spectrometer is employed. 
This gives values which lead to the equations: m,/m 3 == 0-495 —O’ 
ni/« 2 = 0-78 = 10. Then + « 2 + n a = 8 and hence M i * 

w 3 = 4. The distribution thus appears to be 2L,. 2 L 2 . and 41*. A. wn. 

1383. The Calculation of Electrostatic Potentials and of the Energies of 
the Dipole and Quadrupole Lattices. H. Kornfeld. (Zeits. f. Physik, 2 . 
1-2. pp. 27-43, 1924.)—This paper is an extract from the author’s Gottingen 
dissertation (1923) on the union of the particles in lattices of d,ff ® re " 
dipole and quadrupole gases. Reference is first made to recent work y 
Bom and the author [see Abstract 1749 (1923)] on the success whicn 
has attended their evaluation of the heats of sublimation of the hydrogen 
halides from dimensional considerations. Following this comes the deriva- 
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tion of general formulae for the calculation of electrostatic potentials and 
energies of any given dipole and quadrupole lattices. These formula 1 are 
then applied to the evaluation of the energies of two particular regular 
lattices. H. H. Mo. 

1384. The Electrostatic Nature of the Molecular Field. P. Weiss. 
(Comptes Rendus, 178. pp. 739-742, Feb. 25, 1924.)—Ferro-magnetic 
magnetisation can be represented by adding the external field and a 
molecular field proportional to the intensity of magnetisation. If II,„ 
be the molecular field, then H,. = NI. Lorentz has given a formula. 
N = 47T/3, for dielectrics on the assumption that the molecular field is 
the result of the mutual magnetic moments of the molecules. Experi¬ 
mentally N is about 3000 times as great, and it seems impossible that 
the molecular field can be produced by the elementary magnets. It is 
suggested that the molecules combine both magnetic and electrostatic 
bipoles in similar directions, and that the latter are responsible for the 
orientation of the molecules. An expression for the moment c of a 

dipole is derived ; e- =* where R is the gas content. 0 the Curie 

4na 

point, M the molecular weight, and d the density. The order of the moment 
thus calculated agrees well with those calculated from Debye's theory 
of dielectrics. A. VVh. 

1385. Quantum Assignment for Arc Spectra according to Dohr s Theory. 
F. S. Brackett and R. T. Birge. (Optical Soc. of America. J. and Rev. 
Sci. Inst. 8. pp. 213-230, Feb., 1924.)—An assignment of quantum numbers 
to various atomic states is carried out by considering a progression from 
simple to more complex atoms. In the cases of hydrogen and ionised 
helium, the problem can be treated directly. In the case of an excited 
neutral atom, the orbit of the displaced electron will lie wholly without 
and remote from the nuclear charge -f Z and an electronic charge — (Z — 1) ; 
hence its kinetic energy for such an orbit will be the same as for the same 
orbit round a hydrogen nucleus, and a quantum assignment may be made. 
If the orbit is not wholly unaffected by the other electrons, the idea of 
" quantum defect ” is introduced and defined by q where v «« R/(m — q) 2 . 
Here R is the Rydberg constant, n is the total quantum number of the 
orbit, and v is the wave number of the orbit. Diagrams are given showing 
the " denominator,” n — q, plotted against the number of orbital groups 
in the atom body, and remarkable regularities and parallelisms arc noted 
and claimed as corroboration of the quantum assignments used. By the 
aid of these diagrams a wide correlation of spectroscopic and X-ray is 
possible. In general the assignments used agree with those given by 
Bohr, but a few are altered while several new ones can be made. A. VVh. 

1386. Evaluation of Quantum Integrals. J. H. van Vleck. (Phys. 
Rev. 22. pp. 547-668. Dec., 1923.)—I. Choice of Coordinates.— In a 
dynamical system with n degrees of freedom, kinetic energy T. and poten¬ 
tial energy V, the Sommerfeld-W’ilson quantum conditions require that 
'ZPidqi = 2XA (w = 1 , 2 , . . .n), where the w.are integers, and each integra¬ 
tion is to extend over a complete cycle of values for ^,\ It is usually 
stated that the q { are a set of generalised coordinates satisfying the Lagrange 
equations d | df(DL | ty { ) DL | Hq t = 0 .. . (1). where-L = T — V and the 
pi are the corresponding momenta defined by the relations p>= t)T/<)£,... (2). 
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Consequently. dq { \ dt = DH | *>/>,*. | — 2>H | 2)^ . . . (3). where H is 

the Hamiltonian function or energy. Now unless p { can be expressed 
in the form p { =/(?,) ... (4). it is usually impossible to determine the cycle 
over which the integration should extend, so that the quantum integrals 
lose all meaning. The choice of appropriate coordinates is therefore of 
fundamental importance. Unfortunately in many problems, coordinates 
satisfying all four conditions are not obtainable, and resort is necessary 
to those satisfying (3) and (4). but not necessarily (1) and (2). The author 
obtains a general criterion for the choice of such coordinates. It is shown 
that all sets of p { and which (a) satisfy Hamilton’s equatipns, ( b) 
separate the variables, and ( c ) are of such a character that the average 
value of the kinetic energy is equal to that of £/>,?/2. will give the 
correct energy levels when employed in the quantum integrals defined 
above. This general class of coordinate systems includes as special cases 
the normalised Schwarzschild angle variables and Lagrangian generalised 
coordinates which separate the variables. 

II. An Extension of Trkal's Variation Principle.— The author here 
proposes a combination of Hamilton’s principle with Trkal’s method of 
quantising conditionally periodic systems which, like the former, deter¬ 
mines the character of the motion permitted by the Newtonian dynamics, 
and in addition quantises the orbits by specialising the constants of 
integration in accordance with the conventional quantum conditions. 
This variation principle includes formally in a single equation the results 
of classical dynamics and the Sommcrfeld quantum conditions, which 
together determine the sizes and shapes of electronic orbits. The principle 
is illustrated by application to a non-linear oscillator in which the potential 
involves the second and fourth powers of the displacement from the 
equilibrium position. G. W. de T. 

1387. On the Quantum Theory of Molecules. M. Born and W. Heisen¬ 
berg. (Ann. d. Physik, 74. 1. pp. 1-31, April. 1924.)—The paper com¬ 
mences with a brief account of the various stages of the evolution of the 
quantum theory as applied to molecules. [See Abstracts 1527 (1923) 
and 80 (1924).) The authors then consider a molecule as a mechanical 
system of nuclei and electrons in dynamical equilibrium, and systematically 
develop the theory of band spectra. The mathematical treatment of the 
problem depends on the fact that the energy function is expanded in powers 
of A, where A- is of the dimensions of the ratio electronic mass/nuclear 
mass. Such solutions of the dynamic problem have been sought 
by which the nuclei move from the equilibrium position only by the 
amount of the dimensional order A. It is assumed from the equilibrium 
position of the nuclei that all do not lie in a straight line, and that all 
impulses and rotatory impulses remain finite for A = 0. For mathe¬ 
matical formulation a moving system of coordinates is introduced in 
which the equilibrium position of the nuclei is static, and the various 
equations arc then derived. From the Hamiltonian function of this 
problem the Lagrangian factors corresponding to the secondary conditions 
are eliminated and the mechanical problem can then be treated by the 
methods of the disturbance theory. The disturbance function of the 
first order has a vanishing average value in consequence of the demand 
that equilibrium positions of the nuclei should exist. The disturbance 
function of the second order determines the nuclear oscillations and gy 14 ' 
tory movements, as secular disturbances. The separation of the variables 
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for the oscillations is attained by the introduction of normal coordinates. 
The disturbance function of the third order affords no contribution to the 
energy, and that of the fourth order depends in very complex fashion on 
the electronic movement and rotation. The case of nuclei in equilibrium 
in a straight line leads to degeneration. The paper is mathematical 
throughout. H. H. Ho. 

1388. The Structure of Neon and Argon. H. Collins. (Chcm. News, 
128. pp. 81-83, Feb. 8. 1924.)—The atomic weights of the dominant 
isotopes of some of the lighter elements are considered, and it is concluded 
that neon 20 is built up of Li + H + H 3 + H + H 3 + H + H 3 + H, 
though apparently H -f H 3 is regarded as identical with helium ; argon 
40 may either be Na -f H + Li + H + H 3 + H + H 3 + H, or, as the 
author thinks is more probable, 

H—H 3 —H — H 3 —H—H 3 —H—Li 

Li—H .... Hj—H—H 3 —H—H 3 —H 

Valency is treated, the author apparently not considering the Lewis- 
Langmuir or the Bohr models capable of explaining this. H. N. A. 

1389. Scattering of Particles by an Einstein Centre. W. S. Kimball. 

(Phys. Rev. 23. pp. 75-84, Jan., 1924.)—The object of this paper is to con¬ 
sider the scattering of a stream of particles when the Coulomb inverse 
square law of force is replaced by Einstein’s law corresponding to a fixed 
point centre. Rutherford and Darwin [sec Abstract 1302 (1914)) have 
developed formula; based upon the inverse square law. which account 
for the scattering of a-particlcs and hydrogen atoms to a high degree of 
accuracy. Lunn's work is noticed incidentally. The present author now 
employs the Schwarzschild solution of the field equations of gravitation 
taking the constant of integration which measures the strength of the 
centre as purely electrical in nature and equal to NrE/c-M instead of 
ym/c 2 , the Einstein centre being thus used to account for Coulomb’s 
instead of Newton’s law as in the relativity theory of gravitation. No 
attempt is made to combine gravitational and electrical terms in the 
potentials such a9 are developed by Jeffery and Nordstrom. The resulting 
formula agrees with Rutherford's except that there are added to the factor 
cot 2 </>/ 2, tf, being the angle of deflection, terms in V 2 , V», etc., where V 
is the velocity of the ray divided by that of light. The result is that the 
scattering is no longer accurately proportional to 1/V 4 nor to cot 2 <f>l 2. 
However, for values of V from 1 to 2 x 10®cm./sec., the departures are 
less than 1 %, i.e. less than the probable error of the experimental results ; 
but an accuracy of 1/1000 would decide between the two theories. So 
far as the scattering of a-particles by gold and other metals is concerned, 
the facts are accounted for equally well by either the relativity or the 
classical theory. H. H. Ho. 

1390. Coefficients of Slip and Momentum Transfer in Hydrogen, Helium, 
Air, and Oxygen. E. Blankenstein. (Phys. Rev. 22. pp. 682-589, 
Dec., 1923.) : —In the experimental determination of the coefficients of 
slip for polished silver oxide surfaces in spectroscopically pure hydrogen, 
helium, air, and oxygen, the rotating cylinder method is employed, a 
continuous circulation of gas being maintained to minimise the effect 
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of the release of occluded gas from the walls of the apparatus. The mean 
values obtained, reduced to 23° C. and 760 mm. Hg pressure are, for H 2 , 
121 X 10~ 7 ; for He, 190 x 10~ 7 ; for air, 68-5 X 10~ 7 ; and for 0 2 , 
72*1 x 10 -7 ; these are accurate to about 1 %. the respective values for 
Maxwell’s coefficient of diffuse reflection being 1 00, 1 00, 0-98, and 0*99. 
These results, which are in good agreement with the values computed 
from kinetic theory, arc checked by measurements of the variation of the 
deflection with pressure at low pressures from 0 0003 mm. to 0 0016 mm,, 
where the mean free path is considerably greater than the distance between 
the cylinders. It is concluded that for these gases practically all molecules 
are diffusely reflected from the surfaces used, the percentages specularly 
reflected being nearly zero for H., and He. and about 2 or 3 for air and 0 2 . 

A. B. C. L. 


1391. The Lattice Theory of Fluorspar. G. Heckmann. (Zeits. f. 

Physik, 22. 6. pp. 347-350, 1924.)—From the measured elasticity constants 
and residual ray wave-lengths of fluorspar, conclusions are drawn with 
respect to the electrostatic forces in an ionic lattice. Support is afforded 
to the Born conception of the repelling force as an electrostatic effect of 
the outer electronic shell taking into account the phase relations of the 
circulating electrons. H. H. Ho. 

I 

1392. Lattice Structure of While Tin. H. Mark and M. Pol&nyi. 

(Zeits. f. Physik, 22. 3. p. 200, 1924.)—A supplement to a previous paper 
[Abstract 356 (1924)] correcting a figure there given in which, through 
misdrawing, the position of the atoms in the lattice structure was not 
properly shown. Another figure is given showing the relationship between 
the tin lattice and the diamond lattice, and also the lattice of the titanium 
atoms in anatase. Other corrections arc given, and everywhere in the 
text of the first paper [001] should be read instead of [100] as designation 
of the c-axis. J-J-S. 

1393. The Lattice of Aluminium Nitride (AIN). H. Ott. (Zeits. f. 
Physik, 22. 4. pp. 201-214, 1924.)—The author, partly in association with 
H. Grimm, is endeavouring to complete the investigation of the lattice 
structure of compounds of the type MX, and amongst these AIN is of 
particular interest, since it stands in the series of binary compounds NaF, 
MgO, AIN, SiC, in which the negative component stands as far below 
neon in the periodic table as the positive stands above that element. 
With NaF and MgO we have an ionic lattice, confirming Kossels’ theory 
that the atoms gain or lose electrons so as to attain the configuration of 
the inert gases. On the other hand, the similarity of SiC to the diamond 
indicates that here the structure is not a polar one, and that the lattice 
is built up of atoms; the object of the investigation was to find out if 
possible, by means of X-ray measurements, whether AIN is built up of 

atoms like SiC, of ions A1+ + + and N-, or whether some intermediate 

structure exists between these two extremes; the difference between the 
number of electrons in the different components in the first two cases is 
large, and thus the difference in scattering effect will be great, so that a 
definite result may be expected. A Laue diagram showed that the crystals 
belong to the hexagonal system. The exact structure was determined by 
combining Schiebold rotation diagrams with Debye diagrams, using first 
copper and then molybdenum for the antikathode, so as to obtain X-rays 
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of different wave-length. The A1 and N atoms form two interpenetrating 
hexagonal lattices, with tightest spherical packing, and a small compression 
along the six-fold axis of the hexagonal prism; the base axis a — 3-113 A., 
and the axial ratio is c = 1-601 ; the two lattices arc shifted with respect 
to one another along the six-fold axis, the parameter p being 0-38. Each 
atom is surrounded by four atoms of the other element, in a slightly 
distorted tetrahedron, the distances being equal (1-894 A.). The combina¬ 
tion is certainly not polar, the corners of the lattice being occupied by atoms 
with 7 and 13 electrons respectively; this follows from the relative in¬ 
tensities of the lines in the X-ray diagrams. H. N. A. 

1394. Results of X-Ray Examination of Crystal Structure. R. Gross. 

(Zeits. Elektrochem. 30. pp. 1-5, Jan., 1924. Paper read before the 
Deut. Bunscn-Gesell., Hanover, May, 1923.)—The author reviews briefly 
the geometrical methods of A. Schoenfliess, Fedorow, Barlow, and Bravais, 
defining the different possible arrangements in a space lattice, and shows 
how they are used in the interpretation of X-ray observations on a large 
number of elements and compounds. If a compound contains atoms 
a, b, c, d, and each atom a in the crystal can only be assigned geometrically 
to one b, c, and d, the union is called molecular ; while in an ionic union, 
as in NaCl, a is united not only to b, but also to other atoms of that ele¬ 
ment 6j, 6 2 , 6 3 ; it is, of course, necessary, in the latter case, to prove that 
a, b, c, and d really carry electrical charges. The abed atomic complex 
might itself act as an ion ; in calcite. for example, CO a is united in closest 
packing, and the electrons are distributed so that the group C0 3 acts as a 
doubly charged ion. In other cases such a definite statement as to the 
electron distribution is not possible. In the zircon lattice (Zr0 2 Si0 2 ) 
the two oxygen atoms are so closely arranged, with respect to the silicon 
atom, that we must speak of a molecular lattice ; the Zr0 2 , however, 
is arranged in quite a different manner in the lattice, the O atoms are 
so close together that one can assume an 0 2 group, which is joined to the 
surrounding Zr atoms by four valency bonds; and the lattice is built 
up of Si0 2 molecules, and the ions of Zr0 2 . The crystals arc isomorphous 
with those of Ti0 2 . To the question, why do the atoms of different 
substances arrange themselves in different lattices, in which the packing 
is much less than close packing, the only answer is that there are directed 
valency bonds, which determine the structural plan of the lattice. The 
author considers that, for further advance, cither more accurate measure¬ 
ments of intensity in the X-ray measurements will be needed, or measure¬ 
ments of the vectorial combining forces of crystals by means of experiments 
on cohesion will be necessary. H. N. A. 

1395. The Hodograph of Newtonian Hyperbolic Reflection. C. Barus. 
(Science, 69. p. 260, March 14, 1924.)—Apropos of Lodge's recent treatment 
[Abstract 1074 (1924)) of the reflection of atomic nuclei, a graphic exhibit 
of the hodograph of such cases is now given and contains many interesting 
features. The figure gives the twin hyperbolas with their common axis 
and asymptotes, one corresponding to repulsion and the other to attraction. 

H. H. Ho. 

1396. Michelson’s Experiment. A. Metz. (Comptes Rendus, 178. 
pp. 314-316, Jan. 14, 1924.) —Combats Brylinski's methods, in which 
the author says Brylinski has applied a contraction, but has neglected 
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the effect of the contraction upon the 45°-mirror itself. If this be taken 
into account, the Lorentz contraction is restored. A. D 

1397. Michelson's Experiment. E. Brylinski. (Comptes Rendus, 
178. pp. 466-467, Jan 28. 1924.)—Note in reply to Metz [see preceding 
Abstract) pointing out that it is usual to assume the semitranslucent 
mirror to stand at 45' without reference to Ix>rcntz contractions, and 
emphasising the importance of the positive results obtained by Miller 
in 1921 (Phys. Rev. 19. No. 4. 1922). [See also Abstract 430 (1924).] A. D. 

1398. Michelson's Experiment, Lorentz's Contraction and Relativity. 

E. Brylinski. (Rev. Gen. d'£l. 15. pp. 243-250. Feb. 16; 283-288, 
heb. 23. and pp. 339-347, March 1. 1924.)—The author gives calculations. 
The Lorentz contraction corresponds only to a particular case of adjust¬ 
ment of apparatus, and is incompatible with positive results being obtained 
in both positions. [See preceding abstracts.] A. D. 

1399. On the Possibility of a World with Constant Negative Curvature 

of Space. A. Friedmann. (Zcits. f. Physik, 21. 5. pp. 326-332. 1924.)— 
In a previous paper [see Abstract 2215 (1922)] on the curvature of space, 
the author has considered those solutions of the Einstein world equations 
which lead to world types possessing a constant positive curvature, all 
possible cases having been discussed. The possibility of deriving such a 
world from the equations is bound up with the problem of the finite 
character of space, and the present investigation has been undertaken to 
ascertain whether a world of negative curvature can be derived from the 
equations whose finitencss can hardly be in question. It is shown t<5 be 
really possible to derive the latter universe of constant negative space 
curvature from the Einstein equations. Two cases arc distinguished, 
viz. (1) A stationary world whose time curvature is constant, and (2) a 
non-stationary world whose space curvature is constant but which varies 
with time. Between the stationary worlds of constant negative and 
positive spatial curvature an essential difference arises. The former 
permits of no positive density for matter, this being either nil or negative. 
The physically possible stationary worlds (i.e. those with a non-negative 
density) find analogy accordingly with the de Sitter, but not with the Ein¬ 
stein world. Finally the problem is discussed as to whether a decision 
can be made as to the finite or infinite character of space based on curvature 
considerations. Space with constant positive curvature is found to be 
finite, but the same arguments do not hold for the finiteness of space 
with constant negative curvature, so that Einstein's world equations do 
not allow a conclusion to be drawn as to the finite character of space 
without supplementary assumptions. H. H. Ho. 

1400. Courvoisier Effect and Einstein Effect. A. KopfF. (Phys. Zeits. 
25. pp. 95-96, Feb. 15, 1924.)—To complete the criticism of Kienle on 
" Cosmical Refraction” [Abstract 1107 (1924)] some considerations 
regarding the Courvoisier effect may be added, regarding it not as resulting 
from a cosmical cause but from a special method of observation. The 
Courvoisier effect has only been observed visually, and at distances greater 
than 3° from the sun ; the eclipse plates cover a distance of from 3° to 
0°-6 from the sun. At 3° Courvoisier finds a shift of somewhat uncertain 
amount, about O'-6, but the shift on the plates, which may be relied on as 
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accurate because of the precautions taken, is 0 "- 2. For smaller distances 
than 3° no observations of the Courvoisier effect have been made and as 
no satisfactory physical interpretation of it has been discovered, extra¬ 
polation is not admissible. Hopmann. however [Abstract 803 (1924)1, 
extrapolates both the Courvoisier effect and the eclipse measurements up 
to the sun's limb, and finds that they agree. It is possible that future 
observations may prove an agreement in amount, but as the matter now 
stands it can only be stated that the Courvoisier effect and the eclipse 
measurements both show a shift of stars radially outwards from the sun 
Everything points to the probability that the Courvoisier effect is due to 
systematic errors in a special method of visual observation. On the other 
hand, the eclipse results agree, without extrapolation, and as well as can 
be expected from the difficulties of measurement, with the effect required 
by the theory of Einstein. MAH 

1401. Cayley an Distance and the Kinematic Space of the Restricted 
Jheory of Relativity. A. H. S. Gillson. (Roy. Soc. Canada. Trans. 17. 
Sect. 3. pp. 189-190. 1923.) The hypothesis that the kinematic space of 
classical mechanics is Euclidean, whilst that characterising the restricted 
principle of relativity is a Lobatchewskian space of constant negative 
curvature c, equal to the velocity of light, is restated geometrically. It is 
shown that the triangle of velocities in a Euclidean plane for classical 
mechanics is replaced by the triangle of pseudo-velocities defined by the 
relation v — c tanh a in the Lobatchewskian plane for relativistic 
mechanics, a denoting the length of the appropriate vector in the respective 
geodesics drawn on a surface of constant negative curvature. Relativistic 
mechanics are interpreted in terms of the evaluation of distance by the 
method suggested by Cayley (1859). It is shown that the pseudo-velocity, 
defined as above, is equal to the corresponding Cayleyan distance and 
as therefore projective. It follows that the velocity v of any system S,„ 
with respect to any other system S„. is given by t; = c tanh 8. where 8 
denotes the Cayleyan distance EmE*. J. S. G. T. 

, ,!. 40 ?; SchoU s Formof the Dynamics of Relativity. M. v. Laue. (Ann. 
d. Physik, 73. 3-4. pp. 190-194. Jan.. 1924.)—The paper calls attention 
to the simplification introduced into the mechanics of the special theory 
of relativity by employing (after Schott. " Electromagnetic Radiation." 
Cambridge. 1912) the proper time, r. instead of the time, /. in the equations 
of motion If A is the vector potential. <f> the scalar potential, and w 
tne vector [x ,y , z), where dashes denote differentiation for r, the equa¬ 
tions become, in rectangular coordinates : 

the troublesome square root factor Vl - v^/c* having disappeared. These 
equations differ from the classical ones (apart from the substitution of r 
for f). only in the substitution of (E - e<f>)*/2mc 2 for ed>, and the analysis 
proceeds precisely similarly. M. H. A. N. 

1403. Geometrical Representation of the Special Theory of Relativity, 
and in particular of the Electromagnetic Field of Bodies in Motion. P. 
Gruner. (Zeits. f. Physik. 21. 6. pp. 360-371, 1924.)—The author has 
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previously shown [Abstract 2061 (1922)] how the one-dimensional problem 
of the special relativity theory can be solved by a simple geometrical 
treatment with two reciprocal orthogonal space-time coordinate systems, 
work which was extended to two-dimensional space and to the optics of 
moving bodies by means of the so-called reduced orthogonal coordinates. 
The latter method is now summarised and generalised, and then applied 
to three-dimensional space and in particular to the electrodynamics of 
moving bodies. The paper is entirely mathematical. H. H. Ho. 

1404. On the Axiomatics of the Special Theory of Relativity. C. Cara- 

theodory. (Preuss. Akad. Wiss. Berlin, Ber. 6. pp. 12-27, 1924.)—The 
axiomatics of the special theory of relativity were established by Einstein 
and based on certain considerations involving light clocks and measuring 
rods. The present author now shows how a remarkable simplification 
can be brought about if the entire theory be based on time observations 
alone. For example, the axiom for normal light propagation is given 
without need for length measurements and without previous introduction 
of the idea of a velocity, as also the time conceptions involved in the terms 
earlier, later, and simultaneous. In a most natural way the main result 
of Minkowski is afforded when the general transformations are treated 
as above. The results of Cunningham and Bateman are quoted. It 
would appear that when light propagation alone is considered that two 
spaces which move with constant acceleration relative to each other must 
be made physically equal, but this not being the case the necessary limita¬ 
tions are made. The paper is in 3 parts, of which section 1 deals in detail 
with the axioms of light propagation, section 2 considers equivalent spaces 
with normal light propagation, while section 3 discusses the special relati¬ 
vity principle. It is established generally on the assumption that the 
transformations of the latter principle form a continuous group, that these 
transformations must be linear. H. H. Ho. 

1405. Boundary Conditions of the Gravitational Field at Surfaces of 
Discontinuity. N. Sen. (Ann. d. Physik, 73. 5-6. pp. 365-396, Feb., 
1924.) — General covariant analogues arc found for the equations, 
DV/<)m1| = 4tto, which give the discontinuity of the normal force at 
crossing a surface distribution on the Newtonian theory. Provided the 
g‘s themselves are continuous the general equations are: 

where v t is the normal vector to the surfac e and T« is the limit (supposed 
finite and not zero) of J(T*, — ig*jT)V — g dw as the thickness of 
the shell through which it is integrated tends to zero. 

In the second part the case of a spherical shell is worked out, and it 
is shown that in any coordinates which make the g's continuous (these 
do not include the usual r, 0, <f>. t) the above relation is verified. M. H. A. N. 
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1406. The Optical Behaviour of Metal Surfaces. H. Schulz and 
H. Hanemann. (Zeits. f. Physik. 22. 4. pp. 222-227, 1924.)—The accu¬ 
racy obtained in the determination of the refractive index of non- 
absorbing bodies is high, but the accuracy of the results for the optical 
constants of absorbing materials, such as metals, appears to be much less 
and to be easily influenced by various conditions. The Maxwell laws are 
strictly valid, and when deviations of the order of 10 % are found the 
cause must be some difference in the surface or upper molecular layers. 
The admissibility of the assumption in Drude’s theory of the difference 
of the upper layers has never been proved and further mathematical 
development is difficult. 

It is suggested by the authors that the M Distribution anisotropy ” 
may play a very important part, since crystals of the regular systems 
must be anisotropic with respect to their mechanical properties, and it 
is therefore of interest to consider the deviations from the expected 
behaviour of an ideal metal surface due to structural peculiarities. The 
question is considered mathematically, and it is shown that similar results 
are obtained due to the heterogeneous surface as would be obtained for a 
Drude surface layer. The question of the behaviour of Pt is discussed, 
and it is concluded that the effects arc not due to a surface layer. The 
effects of polishing are also mentioned, and it is remarked that using a 
polished, and hence a nearly structureless surface, on steel, the deviations 
were removed. W. V. M. 

1407. Refractivity and Atomic Sizes. J. E. Calthrop. (Phil. 

Mag. 47. pp. 772-779, April, 1924.)—The refractivities of fifteen elements 
for sodium light are plotted against the cubes of the atomic diameters 
as determined by crystal analysis. For each vertical column of the 
periodic table this appears to give a straight line and such deviations as 
there are are explained by the errors introduced by cubing the atomic 
radius, itself liable to slight errors. The refractivities are taken from 
Cuthbertson. Rossotti’s expression for the dielectric constant of a gas 
consisting of perfectly conducting spherical molecules is applied and a 
formula deduced, /z -1 = KNo 3 . Thus different values of K are appro¬ 
priate to each group but no obvious relation seems to exist between these 
values - . A. Wh. 

1408. Photographic Density Meter. F. C. Toy and S. O. Rawling. 

(Phot. J. 04. pp. 189-193; Disc., 193-196, April, 1924. Comm. No. 36. 
from Brit. Phot. Research Assoc. Lab.)—Comparison of two beams with 
the aid of a selenium cell; adjust until the photoelectric current presents 
no change. The sensitiveness is greatest in the longer red ; but the 
results can be reduced to the visual results by means of a constant factor 
which is almost independent of the make of plate. A. D. 

1409. The Effect of Atmospheric Absorption and Diffusion on Signal 
Lights and Projectors. E. Karrer. (Optical Soc. of America, J. and 
Rev. Sci. Inst. 7. pp. 943-963, Nov., 1923.)—Absorption of light by the 
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atmosphere is in general less important than diffusion. Extensive 
measurements on relative spectral transmission for moist and rainy 
weather have been recorded by the Bureau of Standards [Abstract 232 
(1921)]. A typical curve showing how presence of moisture decreases 
transmission in the green and blue is presented. One km. of atmosphere 
on clear and relatively dry days will transmit 97-4 per cent, of daylight, 
while for moist and rainfall atmosphere the transmission is reduced to 
83-6% and the dominant hue is shifted towards the yellow. Other 
data are presented showing selective transmission and the effect of water- 
vapour and oxygen is distinguished from that due to dust and molecules. 
In the latter part of the paper a series of diagrams is presented showing 
how the size of the smallest visible target is affected by contrast, and the 
intensity of diffused light in various directions relative to that of the 
beam. Other curves show the brightness of the surrounding field as the 
observer recedes from the lamp, the corresponding change in contrast 
between field and target, and the least visible target. More information 
on the diffusion factor for foggy and polluted air is needed. J. S. D. 

1410. The Velocity of Light. M. la Rosa. (Zeits. f. Physik, 21. 0. 
pp. 333-347, 1924.)—The ballistic hypothesis (that light from a moving 
body travels with velocity (e + v)) gives a remarkably good explanation 
of the phenomena of double stars, variable stars, and new stars. Einstein’s 
second postulate (the velocity = c) is not supported by these phenomena. 

A. D. 


1411. Tyndall Blue in Solids. W. D. Bancroft. (J. Phys. Chem. 28. 
pp. 12-25, Jan., 1924.)—The author reviews literature dealing with the 
blue colouration of glass, slags, porcelain, quartz, and pigments. 

J. S. G. T. 

1412. Oblique Scattering of Light in Gases and Liquids. A. S. 
Ganesan. (Phys. Rev. 23. pp. 63-68, Jan., 1924.)—Owing to the feeble¬ 
ness of the scattering effect in gases at ordinary pressures, the incident 
beam must be very intense and the background against which the track 
is viewed must be perfectly black. The arrangements employed in the 
present work to obtain these effects are described in detail. In the case 
of sunlight the scattered light is assumed to consist of an unpolarised 
part whose intensity is the same in all directions and a polarised part 
whose intensity varies as (14 cos fc <£). Thus leads to simple equations 
for the ratio of the two components and for the total intensity for various 
angles, which are found to agree within 5 % with the experimental results 
for CO 2 and for dust-free toluene, benzene, and ether. The observed 
ratios of the intensity for rj> = 45° to that for <f 90°, are 1-91, l' 79 - 
1-71, and 2-12 respectively; the observed ratios of the components for 
(£ = 90° are 0 102, 0-52. 0-48, and 0 084 respectively. For CS 2 the 

observed ratio is 0-704. A. B- C. L. 

1413. The Tyndall Phenomenon in Liquids. R.Gans. (Zeits. f. Physik, 
22. .1-2. pp. 44-50, 1924.)—The present paper is a continuation of a 
previous investigation [see Abs. 2405 (1923)] and includes necessary 
corrections and additions to results there recorded. Reference is made to 
Dieterici’s work on cane sugar [see Abstract 159 (1924)] and revised tables 
are now given for this substance and sodium chloride. Apparatus & 
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then described, with illustrations, for the demonstration of the Tyndall 
phenomenon in pure liquids. The final section contains a mathematical 
investigation of a hydrogen cloud in interplanetary space. H. H. Ho. 

1414. Spectro-Photometric Examination of Dyed Threads. G. P. Woron- 

koff. (Zeits. techn. Physik. 6. 3. pp. 99-107. 1924.)—The dyed threads 
or fabrics under examination are attached to a microscope cover-glass 
by means of a preparation of Canada balsam. This preparation has the 
same refractive index as bleached threads of cotton, wool, and silk, and 
in consequence the intensity of the transmitted light is not too much 
diminished. To obtain a uniform field of view the specimen is kept 
in constant rotation. The absorption coefficient is then measured for 
various wave-lengths by the ordinary spectro-photometric method, 
fables are given showing the wave-length of maximum absorption when 
threads of wool, cotton, and silk are coloured with a series of dyes. In 
one or two cases data are given for the absorption coefficient right across 
the spectrum. Some observations are also added dealing with light 
reflected from coloured threads. A A D 

1415. Colour Match and Spectral Distribution. W. E. Forsythe. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 7. pp. 1115-1121. Dec.. 
1923.)—It has been found experimentally that the light from practically 
all radiating solids can be matched in colour with the light emitted by a 
black body at some definite temperature. The colour temperature of 
a particular source has been defined as the temperature of a black body 
which has the same distribution of energy in the visible spectrum as the 
source under consideration. Such colour matches can be easily and quite 
accurately made on an ordinary photometer bench using a Lummer- 
Brodhun contrast photometer having a contrast of about 8 per cent. 
If two sources so radiate that when they are colour matched they have 
the same spectral distribution, such colour matches can be obtained by 
measurements of the relative brightnesses of the sources in two parts of 
the spectrum. If the two sources have the same relative spectral dis¬ 
tribution when at a colour match, the two curves that represent their 
energy distribution can be made to coincide exactly by changing the 
intensity scale of one of them. The measurements of the relative bright¬ 
nesses can be made with any form of spectrophotometer or with an 
optical pyrometer using as the monochromatic screen first a red and 
then a green glass, or first a red and then a blue glass. The pyrometer 
lamp may be conveniently calibrated for relative brightness rather than 
for temperature. 

To determine the relation between these brightness ratios and colour 
temperature a series of red and blue brightness ratios for a black body at 
different temperatures was measured with a pyrometer calibrated on an 
arbitrary scale of brightness ; then the logarithms of the ratios of the 
red brightness to the blue brightness (called the red-blue ratio) were 
plotted against the reciprocal of the temperatures. A very nearly linear 
relation was found. If a particular red-blue ratio is obtained from 
measurements on a source studied, its colour temperature under this 
assumption of colour match for the same red-blue ratio can be found 
from the point on this curve that has the same red-blue ratio. In studying 
tungsten a similar series of red-blue ratios was measured and the logarithms 
of these ratios plotted against the reciprocal temperatures and again the 
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relation was found to be very close to linear. A carbon lamp and a 
tungsten lamp colour matched by the use of the regular photometer and 
by the method of the red-blue ratios gave results in good agreement. A 
tantalum lamp colour matched by direct comparison with the colour 
standard by a photometer and also by the method of the red-blue ratios 
showed brightness temperatures obtained by the two methods in good 
agreement for a number of colour temperatures. Various radiators were 
studied by the method of the red-blue ratio and the relation between the 
colour temperature and the brightness temperature for treated and un¬ 
treated carbon, tungsten, tantalum, osmium, platinum, and the Nernst 
glower is shown in a table of results. Various substances were examined 
and when the logarithms of the red-green ratios were plotted against the 
reciprocal of the colour temperatures as obtained from the red-blue ratios 
a very nearly linear relation was found. A colour match between carbon 
and a black body indicates the same spectral distribution. There are 
small differences in the case of tungsten and of tantalum. 

The method of red-blue ratios was used to extend the colour tempera¬ 
ture scale. I'sing the tungsten tube the red-blue ratio for the black 
body was extended up to about 3000° K., and with gas-filled tungsten 
lamps up to about 3600° K. the melting-point of tungsten. J. J. S. 

1416. Perception of brightness in Relation to Colour. A. Duschek- 
Frankfurt. (Akad.Wiss Wien. Bcr. 131. 2a. No. 3. pp. 171-197, 1922.) 

_The research is concerned with the relation of the power of perceiving 

changes in brightness to the brightness, saturation, and colour of the 
object viewed. For this purpose series of pigments on the Hering scale, 
graded as regards saturation and colour, were adopted. The photometric 
arrangements enabling degrees of brightness to be obtained and estimated 
are described in detail. The principle consists in illuminating the surface 
with light from a 600 -watt gas-filled lamp, a second smaller lamp being 
used to cast a shadow of a rod. The observer regulated the distance of 
the small lamp until this shadow became imperceptible. The data are 
assembled in numerous tables and corresponding diagrams. For various 
pigments the relation rj = A -f B log H, where rj is the power of perceiving 
changes in brightness and H is the brightness, was deduced. It appears 
that the Weber law according to which tj = constant applies only to 
a certain critical saturation, but is considered sufficiently accurate in 
the case of blue-green, red, and yellow spectrum colours. J. S. D. 

1417. Studies Based on the Spectral Complementaries. Subjective 
Saturation of Spectral Hues. Individual Variations of the Normal Colour 
Sense. R. H. Sinden. (Optical Soc. of America. J. and Rev. Sci. Inst. 
7 . pp. 1123-1153. Dec.. 1923.)—This paper contains data relating to the 
wave-lengths of spectral complementary hues which are strictly com¬ 
parable and which correspond to a white of definitely known spectral 
constituency. Eight observers (each with fairly normal colour vision) 
have been examined for complementary wave lengths, and in addition 
five of them have furnished the luminosity ratios of the complementanes. 
The experiments have been carried out using a Brace spectrophotometer, 
the luminosities of the coloured stimuli being determined by a modifi¬ 
cation of the direct equality-of-brightness method. Each observer has 
found the complementary wave-lengths to four given stimuli, and there 
is good agreement between them. There are, however, large discrepancies 
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between the observers with regard to the estimates of the luminosity 
ratios. The subjective saturation of the spectral colours is deduced from 
the data provided bv one observer, on the assumption that the subjective 
saturations of two complementary are inversely proportional to their 
luminosities. The differences to be observed between the present results 
and those given by Trolland are not of great significance. 

A discussion of the variations between the different observers with 
regard to their selection of the complementary hues follows. It is con¬ 
cluded that the results of the present and previous investigations fail to 
reveal inherent variations in the complementary wave-lengths of separate 
individuals other than can be accounted for by differences in the absorp¬ 
tive properties of the ocular media, and that if variations of other types 
occur, they are so small as to be barely detectable through the greatest 
attainable accuracy in colour matching. With regard to the variation 
of the luminosity data from one individual to another no definite con¬ 
clusion is arrived at as to its cause. Experiments are described in which 
correction is made for the absorption of the ocular media but even then 
there are marked discrepancies between the results provided by different 
observers. ’ A. A. D. 

1418. Determination of Colour in Terms of Dominant Wave-Length, 

Purity, and Brightness. I. G. Priest. (Optical Soc. of America. J. and 
Rev. Sci. Inst. 8. pp. 173-200. Jan., 1924.)—This is a most elaborate 
account of the " monochromatic colorimeter ” in use at the Bureau of 
Standards. In addition to the details of the main instrument a full 
account is given of all the accessory arrangements (particularly the lamps), 
together with a comprehensive explanation of how a test is carried out. 
The apparatus is designed for the determination of the dominant wave¬ 
length, brightness, and purity of the resulting beam when white light 
corresponding to a Planckian radiator of known temperature is trans¬ 
mitted through*, or reflected from, the sample under test. The sample 
is placed over an aperture in the diffusion sphere, wherein is a standard 
lamp. The light from the sample (cither by transmission or reflection) 
passes to one-half of a photometric cube, and is there matched by a 
mixture of white light from one source and homogeneous light obtained 
spectroscopically from another source. The brightness of the white light 
in the " mixture ” field is then determined by a flicker photometer, the 
sample field and the homogeneous fields being screened. Subsequently 
the brightness of the homogeneous beam is determined, its wave-length, 
of course, being known. This gives the full data required. Finally, there 
is a discussion of the validity of the additivity of homogeneous and white 
brightness, and it is concluded that with certain limitations it may be 
taken that such addition is experimentally justified. A. A. D. 

1419. Reflex Visual Sensations. F. Allen. (Optical Soc. of America, 

J. and Rev. Sci. Inst. 7. pp. 583-626. Aug., and pp. 913-942. Nov., 1923.) 
—In the first section of the paper the author gives a brief survey of pre¬ 
vious work, involving the use of the ** critical frequency " of flicker to 
detect difference in behaviour of the eye in a fatigued and unfatigued 
condition. The measurements in this case were made with the right 
eye, which was in daylight adaptation whilst the left eye was fatigued 
with light from some portion of the spectrum. It was found that the 
stimulus applied to the left eye was transferred to the right by some reflex 
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process. As a result, the brightness of three colours—red, green, and 
vi olet--was enhaneed. Six colours were found which produced no effect 
6 re " eX and normal curvcs always coincided in two places near 
° - Go3 /x and 0-50/x. The reflex action was greatest for violet and is 
apparently an inverse function of wave-length. The results are illustrated 
by numerous diagrams, and the resultant of all the reflex curves can be 
regarded as equivalent to the effect of white light which enhances the 
brightness of all parts of the spectrum. On the other hand, darkness 
adaptation of one eye causes a diminution in brightness of the whole 
spectrum. In conclusion, the results are discussed in relation to various 
theories of colour-vision, and such effects as successive contrast, binocular 
contrast, and the cause of the “ whiteness '* underlying all colour-sensations. 

J. S. D. 

1420. The Speed of Vision. P. W. Cobb. (Am. Ilium. Eng. Soc., 
Irans. 19. pp. 150-163; Disc.. 163 175, Feb.. 1924.)—The time required 
for hght to make an adequate visual impression depends upon many 
conditions of vision such as : The size and distance of the object; its 
brightness compared with that of its background ; the general level of 
brightness; whether vision of form is necessary or the simple " picking- 
up ” of the object; and the reduction in effectiveness of the image of 
the object due to images of other objects seen immediately before and 
after it. 

It is shown experimentally that between the limits of 1 and 100 milli- 
lamberts brightness (the millilambert—ml.—is the brightness resulting 
when a diffusing surface of 93 per cent, reflection factor is subject to one 
foot-candle illumination), corresponding to about 1 to 100 foot-candles 
illumination upon a white surface, and to illuminations greater than 
this on most surfaces, the speed of visual impression due to a test-object 
rising out of a clear field is increased by a constant amount each time 
the brightness is increased by a constant factor, whether the subject 
is required to recognise form or merely to report the presence of the test 
object. The effect of the confusion due to previous and following 
patterns, i.e. when the test-object rises out of a confused field, is to reduce 
the speed of impression, and this effect is greater at high brightnesses than 
at low; while the actual additional time consumed which so reduces 
the speed is not greater at high brightness than at low. An increase in 
the scale of the test-object and confusion patterns increases the speed 
over that found with smaller patterns at any brightness, but the speed 
in the case of a larger object reaches a maximum at lower brightness 
than it does in the case of a smaller object. These results may lead in 
practice to a classification of visual conditions tending to the appraisal 
of the probable increase in industrial production due to improved lighting. 

J. J- s- 

1421. The Minimum of Energy in the Luminous Excitation of the Retina 
by Brief Illuminations. H. Pi6ron. (Comptes Rendus. 178. pp. 966-968, 
March 10. 1924.)—The author replies to the criticisms of Blondel and Rey 
| Abstracts 1128 (1924)] on his former paper. He disclaims having invoked 
the “ inertia " of the retina. It has been shown by various researches . 
that there is an optimum duration of excitation, a minimum of energy: 
with times very short the threshold energy rises. For visual reception 
which implies a photochemical process followed by an excitation of nerve 

vol. xxvii.— a. —1924. 


LIGHT. 


497 


it would be very surprising that the law of optimum duration should not 
hold. The cause of error invoked by Blondel and Rey was considered 
by the author and having made experiments with different surfaces of 
excitation he found, contrary to what would have occurred from the 
action of this cause of error, the minimum of energy for longer durations 
with smaller surfaces. In identical conditions the minimum of energy 
occurs for a more brief duration in the excitation of the rods than in 
that of the cones. On the other hand, in the researches of Blondel and 
Rey where a point illumination is used, there intervenes an important 
source of error. The minimum diameter of the receiving elements being 
from 30’ to 45' the inevitable changes of projection of the illumination 
on the retina bring in enormous variations of visibility. It is not sur¬ 
prising therefore that the fortuitous variations of observers unequally 
trained, under conditions of lighting besides insufficiently defined, and 
with little fixation, should mask systematic variations which arc not 
considerable. However, it is certain that the increase of energy for 
very brief durations would appear with more certainty if correct determina¬ 
tions could be made with durations of the order of the millionth of a 
second. This offers practical difficulties which are. however, not insur¬ 
mountable. j, j. s. 

1422. The Reflex Origin of the Self-Light of the Retina. F. Allen. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 275-280, Feb., 
1924.)—The author endeavours to explain the self-light of the retina, in 
terms of reflex action, quoting from Peddie’s recent work on Colour Vision, 
in which numerous references to the self-light are made. The writer has 
shown that every colour stimulates by reflex action the sensations of red, 
green, and violet and enhances the sensitiveness of their reception [sec 
Abstract 1419 (1924)]. Equal stimulation of all three sensations causes 
the perception of white, and it is believed that whiteness is a separate 
fundamental sensation. The author quotes various theories in support 
of this view. Whiteness of mixtures reaches its extreme in the case of 
complementary colours and complemcntariness is practically determined 
in presence of self-light. Peddie’s definition of the threshold value implies 
that this is closely associated with, and may be entirely due to self-light. 
The insensitiveness of the fovea to weak light may be due to inherent 
functional conditions, but may also be due to excitation, not necessarily 
visible, of self-light in this region. The existence of self-light has given 
rise to the conception of " degrees of blackness." There is probably a 
close connection between self-light phenomena and the changes in the 
mechanical pressure on the retina due to variations in blood-pressure. 

J. S. D. 

1423. Camera Lenses of Large Relative A perture for Stellar Spectrographs. 
G. W. Moffltt. (Optical Soc. of America, J.and Rev. Sci. Inst. 8. pp. 365- 
371, Feb., 1924.)—The author has obtained formulae for the design 
of an F/3 projection lens which enables it to be used as a spectrograph 
lens of high relative aperture, and he describes one, made for Dr. Plaskett, 
in which borosilicate crown and medium flint glasses are used, a diagram 
being given of approximately correct proportions. Such a lens for astrono¬ 
mical purposes involves : (a) A " flat " spherical aberration curve ; (b) 
coma must be eliminated ; (e) for any given field angle, the upper andj\, 
lower rays should be traced, and these should intersect the chief ray &t 
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the point where the primary image is located ; (d) the primary image 
surface must lie in the plate plane ; (e) and the primary image of a distant 
point source must be a straight line. The general conditions are not 
so severe as for high-grade photographic anastigmats, but the small 
permissible values of the residual aberrations make precise adjustment 
imperative. The actual lens made works well with three-prism and two- 
prism dispersion, but with one-prism the field becomes so convex towards 
the lens that the photographic plates cannot be bent safely so as to fit 
the curvature of the image surface. The cause of the failure with one- 
prism dispersion is found chiefly in the residual chromatic aberration of 
the collimator lens, and partly in that of the camera lens. A flat field 
with a one-prism dispersion can be obtained either by eliminating the 
secondary colour or by introducing sufficient real curvature of the primary 
field to counteract the secondary spectrum effect; the latter is preferable 
and could be obtained by developing interchangeable camera lenses, 
specially corrected for the various uses. A. S. D. M. 


1424. Prism System for Small Broken Telescopes. G. W. Moffltt. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 301-363, Feb., 
1924.)—Describes a new form of prism to replace the roof prism used in 
elbow telescopes. The practical form of the prism is shown in the paper. 
It may be regarded as built up from four right-angle reflecting prisms. 
The length of the glass path and the number of total reflections are the 
same as in the ordinary Porro erecting system, and the new system tends 
to flatten the field of the objective. It has been found to be free from 
ghosts which are likely to be objectionable in an instrument of the type 
considered. Its chief advantage is that the high accuracy necessary in 
a roof prism is not demanded. • J. W.,T*WL 


1425. An Actinometer to Measure Ultra-Violet Radiation. B. Szilard. 
(Coihptes Rendus, 178. pp. 808-810. Feb. 25. 1924.)—The radiation is 
focused by a quartz lens on a photoelectric cell in which the kathode is 
of specially prepared cadium. The intensity of the current transmitted by 
the cell is proportional to the intensity of the incident radiation and is 
measured by an electrometer. The cell is surrounded by a metal case 
to prevent electrostatic disturbances, and is sensitive in the region 
3900-2950 A. 


1426. Photoelectric Microphotometer for Photographic Densities. J* O- 
Perrine. (Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 381-387, 
Feb., 1924.)—The photographic plate to be examined is placed in front 
of a narrow illuminated slit and the light passing through the different 
portions of the blackened area allowed to fall on a photoelectric cell 
placed below the plates. The intensity of the light was assumed to be 
proportional to the current produced and, in turn, proportional .ttf the 

galvanometer deflections. ; A. B ^ 

1427 . Low Brightness -Photometer. E. Karrer and ' A^ Pdritsky- 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp.. 35 &- 369 ; iFeb., 
1924.)—Describes a phototneter devised for measuring the brightness of 
small areds of low candle-power. The Maxwell view is emplpyefh as in 
the case Of the Fabry*-Buisson instrument [see Abstract 1409 (1920))i forth 6 
surface whose brightness is to be measured, but the comparison! surfade 
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consists of an aperture in a small whitened sphere. The brightness of 
th.s comparison surface is controlled by means of a diaphragm which is 

fltnc teHn p } h * s P heTeso as to the amount of 

A- >3 supplied from a second sphere containing a 
small electric lamp. Full structural details are given in the paper. The 

nTL 1S ° f 311 eqUaHty bf br *8 htness (concentric, Lummer- 
isrodnun cube. j ^ 

7. 1428 - The Optical Parts of the Victoria Spectrograph. J. S. Plaskeff 

(Astrophysy J. 59. pp v 6^5. March. 1924 >-Thc optical system origU 
nally planned for the Victoria spectrograph, owing to war and other con¬ 
ditions has had to be considerably modified, and this paper gives the 

oK>lt S ° f te Tl 0t thC fieW curvatures of four different types of camera 

T/ ^ 0ri 8 i,iaI - medium-foCUS 

triplet gives beautiful definition and a field flat to less than 0 -1 mm. over 

the whole visible spectrum with one prism ; but with two and three prisms 
it is strongly concave. This curious behaviour is ascribed to the chromatic 
aberration of collimator and camera, which tends to make the field convex 
being exactly neutralised by the normal concave field curvature of the 
camera with the dispersion of one prism, while with greater dispersion the 
concavity of field overcomes the chromatic effect. A shorter-focus 
triplet of nearly the same type behaves very similarly. Particulars arc 
also given of a new modified Petzval type and the Ross wide field astro¬ 
nomical lens. • .. . 

i . Author. 

• 1429. Six-Prism Glass Spectrograph. J. S. Foster. (Optical Sod 

of Amenca. J. and Rev. Sci. Inst. 8. pp. 373-379. Feb.. 1924.)—The 
instrument was designed for investigation of the Stark effect in gases 
I he dispersion needs to be variable according to the part of the spectrum 
investigated and the strength of the line to be recorded. Also the instru¬ 
ment needs to be rigid on account of long exposures. The collimator 
and camera lenses are Hastings-Brashear doublets of 115 cm. focal length 

hv RrathIT; AP tuT' ThC S,X P , riSmS Werc made by KrUss and aground 
by Brashear. The faces are circular and 6 0cm. in diameter. The prisms 

are placed on a flat cast-iron base 25 cm. in diameter provided with 
levelling screws. A special cover has been devised in sections to allow 
•of the number of prisms being varied. The camera and collimator are 
supported on stands of heavy- iron pipe. The plate-holder and its frame 
™ k ar,d takc a P ,a “> 20 cm. by 3 cm. Several exposures 

®“ de on °"! P ,ate and adjustment made for tilt. With six prisms 
^R h P r S, ° r ,S • P K r min - in thC vio,et - The Stark components of the 
T ! Qe arG Sb ° Wn 38 an exam P le of the work done with three 
prisms. An improved method of testing the density of a neutral wedge 
is described. p g 

w 1 i 3 '„ A I“ oma ! i ‘ ***» binder for Ultra-Violet Photomicrography. 

T’ an ? G * E ' Barr * Soc of America. J. and Rev. 

Sci. Inst. 7. pp. 1167-1174. Dec.. 1923.)—Describes a mechanical device 
for enabling the exact focus for the ultra-violet light used for taking a 
micro p hotogra p h to be obtained from the position for best focus using 

^ aP t rtiCU ^ r narrow band in the yellow-green. The light 
filter usM for.obtaining this band is described in the paper. The change 
of focus is produced by the rotation of a screw through a few turns between 
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automatic stops. The constructional details of the device and the method 
of calibrating it are described in full. J. W. T. W. 

1431. Study of A sitographxc Objectives by Method of Exlrafocal Images. 
G. Demetrescu. (Rev. d’Optique. 2. pp. 452-469. Nov., and pp. 493-501, 
Dec., 1923.)—Hartmann brought photography and calculation to bear 
on the Foucault-Ritchey method. The author shows that Hartmann’s 
criterion T (where T = 100000/F x Ird/Er and d = 2r | u - u 0 \ /F) first, has 
no physical precision, since the values | u — « 0 | are absolute, and d does 
not retain its natural sign, but is positive always; and, second, T takes 
no account of astigmatism. He therefore divides the diaphragm into 
a certain number of equal squares, at whose centres are the openings for 
the rays, which are made to fall upon a plane which is always perpendicular 
to the axis of symmetry of the objective. Thus there are obtained a group 
of points, and the concentration of the points is a measure of the luminous 
intensity of the image. The concentration is evaluated by the moment 
of inertia of the group with respect to its centre of gravity ; the section 
of maximum concentration is thus found. It is sufficient to direct the 
objective, on which a suitable diaphragm is placed, to a star, and make 
two exposures, with the plate inside and outside the focus. To counteract 
chromatic aberration a colour screen is used. He obtains two criteiia: 
s = 2Roi*. and c = 1/10 x Fai7 2 R. whereat* * s geometrical separating 
power and 2R the diameter of the objective. The coefficient s is analogous 
to the separation constant defined by the theory of diffraction ; the co¬ 
efficient c can be used as a test of the geometrical separating power of 
objectives of the same qualities and different diameters. The influence 
of the colour screen is to bring the two locals and the section of maximum 
concentration nearer to each other by a constant quantity without intro¬ 
ducing changes either in the form of the focal surfaces or in their relative 
positions. In the second part of the paper, the method is applied to 
the study of the objective of the Bucharest Observ atory, and it is compared 
with other objectives, especially with that of the Paris Observatory. 

A. S. D. M. 

1432. Accuracy in Optical Measurement. A. A. Mlchelson. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 321-328, I*eb., 
1924.)—The limits of accuracy obtainable in observations with the tele¬ 
scope, microscope, interferometer, and spectroscope.are discussed. J. J- S. 

1433. Ultramicroscopy with Unilateral Illumination. A. Szegvari. 

(Zeits. f. Physik, 21. 6. pp. 348-357. 1924.)—Mie's theoretical deductions 
[Abstract 594 (1908)] confirmed by unsymmetrical illumination of an 
out-of-focus disc-image produced by an ultramicroscopic particle under 
unidirectional lateral illumination. If the particle be approximately 
spherical, the asymmetry is the same (but differently orientated) for all 
azimuths of illumination ; if the particle be unsymmetrical, the degree of 
asymmetry of illumination depends upon the azimuth of the incident 
light, and if it be also mobile (Brownian movement) it suddenly passes 
from favourable to unfavourable positions, or vice versa, and flashes are 
observed. A. P- 

1434. Measurements of Spectral Transmission. I. G. Priest, H. J- 
McNicholas, and M. Katherine Frehafer. (Optical Soc. of America, 
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J. and Rev. Sci. Inst. 8. pp. 201-212. Jan.. 1924.)—An account of the 
results of tests of the precision and accuracy of spectrophotometric 
measurements. The Koenig-Martens spectrophotometer of the Bureau of 
Standards was tested by measuring the transmissions of rotating sectored 
discs of known angular aperture. Measurements of the spectral trans¬ 
mission of blue filters by different observers were also compared. The 
photometric probable error at various wave-lengths has been computed 
from the observations of three different observers. The experimental 
results are given in tables and graphs and lead to the following conclusions : 

(1) For heterogeneous illumination the probable error of a single obser¬ 
vation is about 0-7 per cent, of the transmission when measurements are 
made at the field brightness most favourable to accurate watching. 

(2) For homogeneous illumination the probable error of a single obser¬ 

vation of transmission 0-37 is nearly constant and is about one per cent, 
of the transmission in the case of the following wave-lengths of Hg. 435 -8 
and 546-1 ntfi, and of He. 447-2, 492-2, 501-6, 667-8, and 706-5 m/t. 
<3) For heterogeneous illumination the actual error of the mean of ten 
observations for transmissions even as low as 0-015 and for wave-lengths 
between 430 and 700 w/x is usually less than 1 per cent, of the transmission 
if it is not changing rapidly with wave-length. (4) There is no systematic 
ep-or of measured transmission with respect to wave-length. J. J. S. 

1435. Quantum Optics. G. Wentzel. (Zeits. f. Physik. 22. 3. 

pp. 193-199, 1924.)—A mathematical investigation with the object of 
helping to reconcile the contradictions between the wave theory of inter¬ 
ference and polarisation on the one hand and the quantum theory of the 
spectral lines on the other. j. j. s. 

1436. Effect of a Retarding Plate on White Light Interferometer Fringes. 

N. K. Sethi. (Phys. Rev. 23. pp. 69-74, Jan., 1924.)—Introduction of 
a thick glass plate with plane-parallel sides into one of the interfering 
beams in the Michelson's interferometer replaces the usual few straight 
white light fringes by a very large number of circular rings, the number 
being diminished by partial monochromatising of the light. Spectro¬ 
scopic examination of the rings shows that the increase in number is 
due to the production of interference in different places by different parts 
of the spectrum. The corresponding formula? are quantitatively verified 
by using them to determine the dispersion of the glass plate employed. 
Two other examples of this dispersion of white light fringes are quoted 
and it is pointed out that the increase in the number of white-light fringes 
observed by Wood on introducing sodium vapour into the interferometer 
path also involves the same process and is not due to achroinatisation as 
suggested by him. Although the fringes are fainter than the first-order 
white of Newton’s scale, owing to the effect of colour-contrast, they can 
be clearly distinguished by the eye. A. B. C. L. 

1437. Effect of the Material of the Sides of Deep Slits on the Intensity 
of the Light Transmitted. C. R. Smith. (Optical Soc. of America, J. 
and Rev. Sci. Inst. 7. pp. 1069-1077, Dec., 1023.)—When light is passed 
through a narrow deep slit there is not only strong polarisation but also 
marked absorption which is related to the wave-length of the light, the 
depth of the slit, the width of the slit and the material of which the walls 
of the slit are composed. In the experiments described to determine the 
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effect of the material of the walls of the slit the general arrangement 
resembled that employed by Sieg and Fant. The depth of the slit was 
“31 cm> and Passed between pairs of small blocks of steel which were 
plated electrolyticaUy with the metals nickel, copper, silver, and gold, 
partially polished and maintained with surfaces flat to within 0:0001 cm. 
i he results obtained were somewhat irregular, but the curves indicating 
the comparative effects show that differences in intensity of the light 
transmitted by a deep slit are produced by changing the material though 
the other conditions are kept constant. No account was taken in the 
experiments of the condition of the light with respect to polarisation. 

J. J S. 

1438. The Illumination of a Surface by a Spectroscopic Slit. A. Hnatek. 
(Zeits. f. Physik, 22. 3. pp. 186-192. 1924.)—The standard works on 
photometry contain no account of the case of plane illumination by means 
of a narrow slit, and the present investigation has been undertaken for 
such purpose, the assumption being made that the plane concerned is 
parallel to the plane of the slit. The paper is entirely mathematical. 

H. H. Ho. 

1439. An Early Formulation by Stokes of the Theories of the Jlotatory 

Polarisation of Light. J. Larmor. (Cambridge Phil. Soc., Proc. 32. 
pp. 76-81, Feb.. 1924.)—The two letters now communicated are from 
G. G. Stokes to VV. Thomson of dates December 12-13, 1848, three years 
after Faraday’s great magneto-optic discovery. They formulated already 
the permissible types for general equations of propagation, virtually on 
the basis of the very modern criterion of invariance, relative to all changes 
of the spatial frame of reference in the case of active fluids, but having 
regard to the fixed direction of the extraneous magnetic field in the Faraday 
case. Their form was elucidated in each case by correlation with a 
remarkable and significant type of rotational stress in a propagating 
medium. • h. H. Ho. 

1440. A New Measurement of the Pressure of Radiation. A. Golsen. 

(Ann. d. Physik. 73. 7-8. pp. 624-642. March. 1924.)—These measurements 
have been carried out using three foils of platinum, nickel, and aluminium 
respectively. The foil under test is fixed to a horizontal arm suspended 
by a quartz fibre (torsion balance method), the foil being deflected from 
its equilibrium position by the pressure of the radiation from a source 
of constant known intensity. The pressure of the gas in the vessel in 
which the foil hangs was carried down to 10-° mm. of Hg. It is con¬ 
cluded that the disturbing effect of radiometer action ceases at about 
10“ 6 mm., although this limiting value varies from one material to 
another—a variation bound up with the presence of occluded gases in the 
foils. Below this limiting pressure the deflection of the suspended system 
is independent of the pressure for a constant intensity of radiation. ' The 
absorption coefficients of the foils were measured by a subsidiary experi¬ 
ment and the radiation pressure determined. The results' from the 
different foils show good agreement between themselves and they also 
agree within a maximum error of 6 % with the values calculated from the 
Maxwell-Bartoli equation. ' ' * • A.- 1 A. D. 

1441. Rotatory Dispersion of Tartaric Acid. L. Longcharabon. 
(Comptes Rendus, 178. pp. 951-953, March 10, 1924 .)— Crystalline tartaric 
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acid,, when examiued by light travelling along the optic axis, exhibits a 
normal rotatory dispersion, with 05790 =11 *2° per mm. and 04358/05780 
= 2*14. This la?vo-rotatory form of the acid, which has a specific rotatory 
power [a] 3 780 = 70°, described as a-tartaric acid. By a process of 
extrapolation the conclusion is drawn that at infinite dilution tartaric 
acid in aqueous solution would have a specific rotatory power [aj5 7 8o 
» 4- 16° and a dispersion-ratio 1-3. This product is described as 
/3-ttartaric acid. . T. M. L. 

1442. Geometrical Discussion of Optical Activity in Crystals. H. 
Chipart. (Comptes Rendns, 178. pp. 995-996, March 17, 1924.)—The 
author has divided the 32 systems of crystal-symmetry into 15 which 
can propagate elliptical vibrations and which can therefore develop 
optical rotatory power, and 17 which can only propagate rectilinear 
vibrations and cannot develop optical rotatory power. This conclusion, 
already arrived at in another way by Willard Gibbs in 1882, has been, 
disputed by some physicists, who regard the absence of a centre of symmetry 
as a sufficient criterion of the possibility of optical rotatory power, and 
thereby transfer six systems from the latter to the former group. The 
author maintains the correctness of his own classification. T. M. L. 

'>1443. Mutarotation of Glucose. H. v. Euler, K. Myrbiick, and 
E. Rudberg. (Archiv f. Kern., Min. o. Geologic, Stockholm, 8. No. 28. 
pp. 1-9, 1923. In German.)—The authors suggest that the first step in 
the mutarotation of glucose is the addition of a proton to the oxidic 
oxygon, converting the molecule into a kation, and that this is followed 
either by a molecular rearrangement or by a breaking of the lactone ring. 
The experimental part of the paper consists of a redetermination of the 
dissociation-constant of glucose by an electrometric measurement of the 
hydrogen-ion concentration of sodium hydroxide with and without glucose, 
giving the values 11 >6 X 10” 13 at 18 s and 45 X 10“ 13 at 40°. The 
influence of temperature is also discussed. T. M. L. 

1444. On the Relation between Time and Intensity in Photographic 
Exposure. L. A. Jones and E. Huse. (Eastman Kodak Co. Research 
Lab. Comm. No. 193. Optical Soc. of America. J. and Rev. Sci. Inst. 7. 
pp. 1079-1113, Dec., 1923.)—A preliminary account is given of the 
Bunsen-Roscoe reciprocity law which states that the intensity of the 
acting radiation I, the time during which it acts, t, and the resulting 
exposure E * are related as follows E * I . t. Reference is made to the 
results of Various observers, that this law fails to agree with experimental 
Observations. In particular the work of Scheiner, Abney, Schwarzschild, 
Eder, Sheppard and Mees, and Helmick is mentioned. The present paper 
describes the methods employed and the results of researches, occupying 
a‘ period of several years at the Eastman Laboratory, during which a 
large amount of reliable data was obtained. A detailed description of 
the apparatus employed, the photographic materials, developmefit and 
density measurements. is given, together with an account of the experi¬ 
mental procedure 1’ The results of the-density and exposure measurements 
are plotted in the usual density-log (exposure) forms for different values, 
and for both plates and cinema positive and negative films. The con¬ 
clusions Urrivfed at are: (1) That the reciprocity law of BunSen and 
Koscoe faife definitely in thO case of the three materials used. ’ (2)- In 
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the Schwarzschild expression E — lfP, the index p is not constant, as 
has been assumed. (3) The experimental determination of the value 
of optical intensity must be subject to considerable uncertainty due to 
the extreme flatness of the characteristic curves. For the Seed 30 and 23 
plates, all characteristic curves determined on the basis of the time scale 
give equal gamma values when developed to the same extent, or in other 
words gamma is independent of the intensity. In the case of cine positive 
film, however, gamma is dependent partly upon the intensity. The 
authors state that the work carried out still leaves many questions 
unanswered, and mention that investigations are proceeding on the 
dependence of the failure of the law upon the wave-length of the exposing 
radiation. A. W. J. 

1445. Luminous Impact, Illumination during Recombination, and 

Excitation Function. R. Seeliger. (Phys. Zeits. 25. pp. 56-60, Feb. 1, 
1024.)—The variation in results respecting the form of the excitation 
function of a spectral line as given by different methods is discussed in 
the present paper, and the necessity shown for a more precise definition 
of this function. A distinction must be drawn between the excitation 
function of a term, and that of a spectral line. i.e. the transition probability 
between the terms associated with the line. The kinetic method of 
Sponer [see Abstract 891 (1022)] measures the former, while the optical 
methods of Hughes and Lowe determine the latter, but not in a way 
capable of exact definition. The clearest viewpoint was obtained by 
separating the impact illumination, for which excitation the atomic 
electron does not leave the atom, and the illumination due to recombina¬ 
tion, for which production the previous ionisation of the atom is necessary. 
The indefinite character of previous optical work is now shown to be due 
to the fact that the optical methods, according to the special experimental 
conditions adopted, investigate a mixture of impact and recombination 
illuminations, whereas above the ionisation potential only the recombina¬ 
tion effect is determined according to the results of Bartels. [See Abstract 
1166 (1024).] H. H. Ho. 

1446. The Fluorescence Yield from Dyestuff Solutions. S. J. 
Wawilow. (Zeits. f. Physik. 22. 4. pp. 266-272, 1024.)—Corresponding 
to the Warburg idea of photochemical yield, the fraction of the absorbed 
radiation which is transformed into the energy of the secondary fluorescence 
radiated is now termed " fluorescence yield " and denoted by h. For 
the resonance radiation in dilute gases, mercury and sodium vapour, 
data have been supplied by Wood and Dunoyer, and exact determinations 
have been made by Paschen for ionised helium in the ultra-red, in which 
cases k appears to be nearly unity. For the fluorescence of solid bodies 
and liquids, in particular dyestuff solutions, the experimental determina¬ 
tion of A is rendered difficult by the width of the absorption and fluorescence 
bands and also by the Stokes displacement. A spectral photometric 
method is now described for this purpose which enables the determination 
of the fluorescence yield to a first approximation. Results are given for 
fluorescein, magdalared, various rhodamines, eosin, acridine red.erythtosin, 
and uranium glass. The concentrations of the dyestuffs were varied 
from 10” B to 10 -6 g./cm. 5 . It appears that for the case of fluorescein, 
h = 0-80, and that the absorbed radiation is almost entirely transformed 
into the secondary variety. Observations with very concentrated solu- 
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tions (I0 -3 to 10- 4 g./cm .*) in thin layers (0-3 mm.) arc bricily described 
and k found to decrease very rapidly with concentration while the absorp¬ 
tion spectra exhibit changes. H. H. Ho. 

1447. The Scnsibilised Fluorescence of Lead and Bismuth Vapour. 

H. Kopferman. (Zeits. f. Physik. 21. 5. pp. 316-325, 1924.)—The 
results of previous work on this subject by Franck and Cario are first 
summarised [see Abstract 2410 (1923)], following which comes a detailed 
description of experiments on the sensibilised fluorescence of lead and 
bismuth vapour in which appear the lines : A = 4067-93 A.; 3683 -60 A.; 
3639-71 A.; 2873-40 A. and 2833-17 A. for the lead arc spectrum, and 
4722-72 A. and 3067-81 A. for the bismuth arc spectrum. The lead lines 
observed are in agreement with the Thorsen-Grotrian series scheme. From 
the bismuth observations further regularities in the bismuth arc spectrum 
have been recognised. H. H. Ho. 

1448. The Photoluminescence of Flames. Part II. E. L. Nichols 

and H. L. Howes. (Phys. Rev. 23. pp. 472-477, April, 1924.)—Study 
of a new flat hydrogen flame showed that the sensitiveness to excitation 
noted in previous work [Abstract 486 (1924)], is confined chiefly to the 
boundary between the oxidising and reducing regions. When excited by 
exposure to light from an amalgam arc, measurements of the positions of 
the edges of the bands and of the intensities of the maxima and minima 
showed that the effect of excitation was to decrease the width of the bands 
and to increase the sharpness and the intensity of the maxima, for 
flames salted with Ba, Ca, and Sr. In the case of Tl. the green line was 
increased in brightness more than 50 times. This effect was traced in 
the presence of Tl in the arc, and by dispersing the light so as to use only 
narrow spectral regions, it was found that the Th lines 5351, 3776, and 
3519 A. excite the flame, whereas neighbouring mercury lines are inactive. 
The luminescence is thus shown to be selective and to be closely analogous 
to the so-called resonance radiation of vapours. Authors. 

1449. A Method for the Estimation of the A verage Life of Excited Mercury 
Atoms. L. A. Turner. (Phys. Rev. 23. pp. 464-471. April. 1924.)— 
(1) In mixtures with hydrogen, computed from rate of dissociation of hydrogen, 
found by Franck and Cario. A theory is developed which gives the 
relation between the rate of dissociation of H 2 molecules by collision with 
excited Hg atoms and the pressure of H 2 , when the rate of production of 
excited Hg atoms is kept constant. It is shown to be in accord with 
Franck and Cario’s experimental results, leading to a value for ct 2 t of 
7-22 10 ~ 22 , where a is the distance between centres of H 2 molecules and 
excited Hg atoms at a collision and r is the average duration of the excited 
state. Assuming a to be of the order of magnitude of atomic diameters, 
r is found to be about 10 -7 sec. The equation derived here and a different 
one of Cario's are compared and the former found to be in better agree¬ 
ment with experiment. (2) In mixtures with air, computed from diminu¬ 
tion of the fluorescence by adding air, found by R. W. Wood. The same 
theory is applied to the fluorescence experiments of Wood, assuming 
a constant rate of production of excited atoms, but the agreement is not 
good. The theory is extended to cover the possibility of successive 
impacts of the excited Hg atom, and the form of the relation is found to 
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be the same in this case. It is found that the theory does accord qualita-r 
tively with the experimental data of higher pressures, indicating - an 
increased rate of production of excited Hg atoms for the same illumination, 
and a smaller value of r with air than with H 2 . Author. 

1450. The Size of the Einstein Light Quanta. L. S. Ornstein and 

H. C. Burger. (Zeits. f. Physik. 20. 6. pp. 345-350, 1924.)—The, con¬ 
ditions of equilibrium between a cloud of electrons and black radiation 
are investigated with the hypothesis of point-radiation as .basi?,. If,, 
before a collision, the electron has velocities v x , v y , v„ the light quantum 
frequency v and direction a. f$. y, and if dashed letters denote the same 
quantities afterwards, the equations are : .' • •, 

hv + Jm( rj + vj + vf) = hv' + $«(«/* + vf + v*), 
hva/c 4- mv M = hv'a'/c 4 mv' n etc. . 

If it be assumed that the changes in v and v are small, and also that v/c is 
small, these equations give, with an obvious notation, Av—- — vj^a—apje, 
Ai*, - hula — a)nic. It is now assumed that the quantum has a certain 
finite collision area 0(v), a function of v only, and from the equality of 
the number of collisions in which undashed quantities change to dashed 
with the number of collisions in which the reverse occurs, the equation 
0(u)n(v)f(v) = 0(v')n(v')f(v') is found, where n[v)dv and f(v)dv denote 
respectively the number of quanta with frequency between v and v + dv, and 
the number of electrons with velocities between v and v 4- dv. Assuming 
Wien’s law of radiation. Maxwell’s law of distribution for the velocities 
and using the values found for Av and At;, this gives 0[v) =- C/v 2 = a^ 2 , 
where a is a pure number. 

The use of the Wien law, and not the exact Planck formula, is justified 
by the fact that when v decreases the collision area increases and the 
quanta interpenetrate. M. H. A. N. 

1451. Light Quanta and the Planck Law. L. S. Ornstein and H. C. 
Burger. (Zeits. f. Physik. 21.6. pp. 358- 365, 1024.)—It has been shown 
previously [see Abstract 1078 (1924)] that a gas-kinetic treatment of the 
equilibrium of light quanta and electrons is possible, under the assumption 
that the light quanta possess an effective sphere whose radius is propor¬ 
tional to the wave-length of the quantum. On this assumption, however, 
it proved only possible to derive the Wien law, and without special 1 
hypotheses the conditions for the equilibrium of dark radiation and free 
electrons could not be stated. The cause of this result was due to the 
quantum gas being regarded as infinitely dilute, so that two quanta could 
never collide with the same electron at once. The present investigation 
now treats the case of repeated impacts, and, to avoid complication, 1 te 
restricted to the linear case, i.e. light quanta and electrons moving only 
along a straight line. A mode of calculation is then devised 'which ^an 1 
be easily extended to the more general case, and which is in agreement' 
with the Planck law. The paper is mathematical throughout. • H.' H. Ho. 

I 1452. A Criticism of the Papers " The Dimensions of the 'Einstein 
Light Quanta ” and ,,J The Dynamics of the Impact between a Light Quantum 
and an Electron " recently published by L. S. Ornstein and H. C. Burger. 
W. Pauli, Jr. (Zeits. f. Physik; 22 ; 4. pp. 261-265, 1 924.)— This criticism 1 
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deals with the relationship between the matter of the above-named papers 
and the!published work of the author. In Section 1. the conclusion of 
Omstein and Burger that the Wien radiation law may be obtained without 
any special hypothesis is now shown to imply that the considerations of 
these authors are limited to the case of the validity of the Wien law. 
whereas 1 generally it is the Planck radiation law which holds good. 
Section 2 deals with the frequency of the fundamental element processes 
and pbints out the existence of an undetermined function which for 
short-toave radiation is still an unsolved problem. Section 3 discusses 
mathematically the various formula? concerned, and in Section 4. the 
Author contends that the model proposed bv Ornstein and Burger is 
invalid. [See preceding Abstracts and 1078 (1924).] II. H. Ho. 

' 1453. The Reciprocal Action between Radiation and Free Electrons. 
W. Bothe. (Zeits. f. Physik, 23. 3-4. pp. 214-224, 1924.)—Paulis 
investigation of the thermal equilibrium between radiation and free 
electrons is first briefly described, the two kinds of processes involved 
being discussed. The primary object of the paper is then to show that 
by a very simple and natural modification of the Compton-Pauli hypothesis 
the second of the Pauli processes can be rendered unnecessary. This is 
achieved by an application of the ideas of the polyquantic radiation molecule 
to the reciprocal action between radiation and free electrons. The 
proposed alteration of the Pauli hypothesis for the element processes is 
shown to offer many advantages. Correspondence considerations of the 
Brownian movement in the stationary radiation field lead to the result 
that the scattering coefficient of free electrons for long-wave radiation 
is independent of the structure and frequency of the radiation [Abstract 
1078 (1924) and preceding abstract should be consulted]. The paper 
is entirely mathematical. H. H. Ho. 

1454J The Intensity of Repeated Spectral Lines. H. B. Dorgelo. 
(Zeits. f. Physik. 22. 3. pp. 170-177, 1924.)—A method has previously 
been described [see Abstract 1390 (1923)] for determining the intensity 
relationships of groups of spectral lines whose components exhibit very 
Small wave-length differences. The present paper now considers the 
intensity relationships of doublets and triplets whose components have 
great differences in wave-lengths, e.g. the doublets of Pb. Cs, and the triplets 
of Cd and Zn. The procedure for the special energy lamp ( loc . cit .) is 
detailed, while the line groups are photographed as in the previous 
paper [loc. cit.). A general relationship is deduced. H. H. Ho. 

1455. Relation between Inner Quantum Numbers and Intensities of 
Multiple Lines. H. C. Burger and H. B. Dorgelo. (Zeits. f. Physik. 
23. 3-4. pp. 258-206, 1024.)—In a previous publication [see preceding 
abstract] it was briefly indicated that a regularity occurred between the 
intensities of the components of multiple spectral lines, which had special 
significance for the quantum theory of the atomic model. The present 
paper discusses the data of extended work in this field, whereby certain 
empirical rules have been derived. It must be remembered that the 
measurement of intensity relationships is much more difficult than that 
of wavelengths, nevertheless calculated and experimental values are 
in agreement without exception. The 1 Only assumption made is that by 
the transition'of the atom from a richer to*poorer energy condition,- the 
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surplus of energy is emitted as monochromatic radiation according to the 
Bohr frequency condition. The intensity of a spectral line is then propor¬ 
tional to the product of the concentration of the atom in the initial state 
.and the probability of the change in condition. The intensity measure¬ 
ments deal as for triplets and a prediction is given for a quartet. 

H. H. Ho. 

1456. A New Method for the Direct Measurement of the Intensity Relation 
of Multiple Lines. W. Gerlach and O. Brezina. (Zeits. f. Physik, 22. 
4. pp. 215-221, 1924.)—The method consists in the application of the 
idea that the one half of the light due to neighbouring spectral lines may 
be reduced in brightness by a measurable amount until having the same 
brightness as the weaker line. The difficulty is evidently the control of 
the weakening and an arrangement is described consisting essentially 
of two crossed nicols arranged between the source of light and the spectro¬ 
graph, while between these prisms is a mica or quartz plate whose direction 
of vibration makes an angle of 45° with that of the nicols. The latter 
arc crossed and from the plate a smaller disc of about 1 mm. diameter is 
cut and mounted in a rotating sector so that it may move relative to the 
rest of the plate. The two plates are illuminated on one side by the source 
of light via one nicol and it is arranged that the middle plate falls as 
accurately as possible in the middle of the spectrum. If the direction 
of vibration is the same in both parts of the plate the spectrum appears 
uniformly bright, while if the small plate is rotated the brightness of the 
centre portion varies. The method is as follows. The nicols are crossed 
without inserting the plate, the latter being then introduced and arranged 
so as to give complete darkness in the field of view, and by rotating the 
whole plate through 45° a null position is obtained in which the lines are 
uniformly bright throughout their length. One then rotates the small 
plate until the brightness of the weakened stronger component is the 
same as that of the unweakened weaker component measuring the angle 
of rotation. 

The method is discussed theoretically and it is shown that the intensity 
relation is independent of the reflection losses and phase changes and 
depends only on the angle between the axis of the smaller plate and the 
direction of vibration of the light. The method is very convenient photo¬ 
graphically since the results may be made independent of the properties 
of the plate. It has been tested in the case of the Dj and D 2 lines of Na 
known to have a relation 1 : 2, and may be applied to the determination 
of the relative intensities of components in the Zeeman effect and alteration 
of intensities of neighbouring lines under various conditions. W. V. M. 

1457. The Excitation of Spectral Lines by Electronic Collision. I. G. 
Hertz. (Zeits. f. Physik, 22. 1-2. pp. 18-26, 1924.)—From the quantum 
theory it is to be expected that an atom by collision with an electron 
can only be made to emit such spectral lines as have a " work of excita¬ 
tion ” less than the kinetic energy of the electron. The potential through 
which the free electron must fall in order to acquire this kinetic energy 
is the *' excitation potential " of the line. In the simplest case of a Planck 
oscillator the excitation potential is determined by the frequency and 
given by eV = hv, but for a Bohr atom the work of excitation " is 
given by the work required to carry the atom from its normal state into 
the higher of the two stationary states responsible for the emission of the 
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line. Here eV = Je — hT, where J is the ionisation potential and T 
represents the smaller of the two terms. Observations were therefore 
necessary on the energy values of higher series terms. The observed 
energy quanta agree well with those to be anticipated on Bohr’s theory. 

The method used is essentially as follows. The electrons emitted 
from a heated kathode are accelerated by an electric field and enter a 
closed, and hence field free, space through a wire netting in which space 
they collide with the atoms of the gas or metallic vapour. The spectrum 
is observed in relation to the electronic acceleration. Sources of error 
are : (1) Potential difference between various points of the electron source 
(fall of potential in the heated wire). (2) Wide lattices in place of a fine 
wire net. (3) Disturbance due to space charge in the observation 
chamber [attendant upon too large current-density]. (4) The tendency of 
the pure electronic discharge to pass over into an arc discharge. These 
errors are not independent. A good experimental arrangement is described 
using a platinum foil as source J mm. away from a very fine grid, the 
maximum current-density being less than 10“ 4 amps. In order to avoid 
space charge troubles the rare gases used by the author are mixed with 
a gas or metallic vapour having an ionisation potential less than the first 
excitation potential of the substance investigated. 

Photographs are given showing the spectra obtained from Hg, He, and 
Ne with various accelerating potentials. 

For mercury the interesting line is 3050 which, for 9-7 volts, is the 
strongest line, but absent at 8 -7 volts. 

For neon instructive series of results from 18- 7-20- 0 volts arc given 
showing the development of a group of red lines with increasing accelerating 
potentials, and similarly spectra of He show the change with increasing 
voltage. Zn and Th have been similarly experimented upon. For Zn by 
a suitable choice of potential the appearance of the triplet 4680, 4722, 4811 
is demonstrated, while the strong red line 6362 first appears—as it should 
according to Bohr—at a potential I volt higher. 

For thallium the green lines appear at 3 • 5 volts, and hence the normal 
state of the atom must be the 2 p 2 state, as shown by Grotrian from 
absorption measurements. W. V. M. 

1458. Broadening of Spectral Lines. Part II. J.Holtsmark. (Phys. 

Zeits. 25. pp. 73-84, Feb. 15, 1924.)—The formulas previously obtained 
[Abstract 763 (1919)] for the probability function of the molecular electric 
field in a dipole gas have been recalculated, taking into account the finite 
diameter of the gas molecule. The broadening of the hydrogen lines due 
to hydrogen pressure has been redetermined and compared with Michelson's 
results. The agreement is satisfactory if Debye's value for the quadrupole 
constant of the hydrogen molecule is used. The broadening of lines in 
the electric arc is also discussed. Comparison of the experimental results 
of L. W. Taylor [Abstract 323 (1923)] for the broadening of helium lines 
with theory gives qualitative agreement, quantitative comparison not 
being possible while the magnitudes of the ionic fields remain unknown 
[see Abstract 1167 (1922)], A. W. 

J, ( a |*^l{| I i 4 i* i - 

1459. Spectral Series of Divalent Elements. R. T. Blrge. (Optical 
Soc. of America, J. and Rev. Sci. Inst. 8. pp. 233-243, Feb., 1924.)—In the 
second column of the periodic table the divalent elements there have two 
types of arc series, singlet series and triplet series. In the sixth column, 
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oxygen, sulphur, and selenium have triplet series, while oxygen has singlet 
scries as well, which may, however, be narrow triplets in reality. 

The new series of triplets found by Hopfield (Abstract 525 (1924)] in 
oxygen and sulphur lead to the establishment of a triple energy level for 
these elements. This level is now deduced as the Op, or valence, level. 
The diagrams of Brackett and Birge suggest that deviations from Rydberg s 
formula in the same type of sequence of related elements are connected, 
and show a two-fold regularity. These regularities make it possible to 
predict from the diagrams the approximate value of hitherto unknown 
spectral terms; eg. five sulphur levels are predicted, and Hopfield has 
found three of these, agreeing within the experimental error in magnitude. 
Owing to one component of Hopfield's triplets being missing, it is possible 
to assign the inner quantum, numbers; this is the same as Sommerfeld's 
assignment for chromium—single S-term, triple P-term, and five-fold 
P-tcrm ; and it identifies the triple valence level as OP instead of Op. 

The " singlet ” series of oxygen is therefore probably narrow triplets. 

An unassigned narrow triplet in sulphur and in selenium has been 
identified as 1S-2P, one of the members of the new triplet series. 

An empirical method for extrapolating the curves of the diagrams leads 
to the conclusion that the missing Os level of the triplet diagram for the 
Ca and Zn groups is to be identified numerically with the IS valence 
level of the singlet diagram. The two levels have different inner quantum 
numbers. 

It is concluded that any given quantum orbit can exist in two possible 
states as a virtual orbit or an X-ray orbit, but in only one possible state 
as a valence orbit. Beryllium does not fit in very well with the diagrams. 

. A. C. M. 


1460. The Doublet Separation of the Balmer Lines. G. M. Shrum. 
(Roy. Soc.. Froc. 105. pp. 259-270. March 1. 1924.)—The amount of the 
doublet separation and nature of the fine structure of the Balmer lines 
to be expected on Sommerfeld's theory are discussed, together with the 
values for the doublet separation obtained by previous workers. A triple- 
walled quartz discharge tube, 50 cm. long, was used, the inner jacket 
being for liquid air while the outer one was evacuated. The tube was 
excited by a 100,000-volt X-ray transformer. During the operation of 
the tube, a Hilger constant-deviation spectrograph was used to record, 
photographically, the purity of the gas and the relative intensities of 
the Baltoer and secondary spectra. The light from the other end of the 
tube was examined by means of a Lummer plate 13 cm. long and 0-448 
cm. thick. Special methods of running the tube were devised in order to 
reduce as much as possible the secondary spectrum, and photographs arc 
reproduced showing the separation of the first five Balmer lines. Even 
with the tube cooled with liquid hydrogen, no evidence of any fine structure 
was noted. The doublet separations measured for the first five lines arc 
foifnd to be in exact agreement with Sommerfeld’s value. F. S. 

. 1461. Series Spectra of Oxygen in the Region A900-A1400. J. «*• 
Hopfield. (Astrophys. J. 59. pp. 114-124. March, 1924.)—A 50-cm. 
focus vacuum spectrograph and special non-contrast ultra-violet photo¬ 
graphic films were used. The mounting was such as to admit five orders 
bf AlOOO in sharp focus on the films. The discharge tube was Il-sbape 
with a total length of one meter, the horizontal portion facing the slit. 
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tThe gas pressure in the discharge tube and in the receiver was controlled 
by a capillary needle valve of glass. In addition there was a plate-glass 
condetfser, a 6600-volt, 5-kw. transformer, and the necessary pumps. 

■'New series of triplets of constant frequency difference, due to oxygen, 
have been found in the extreme ultra-violet. The members of these 
series are formed according to the combination principle by the transitions 

of the electron from the previously known levels of oxygen. Is, IS. 2S. 

7S, 2D, 3D, . . . , 7D, to a new triple level OP I2 s. The term values of 
this triple' level are 109607, 109674. and 10*9833 frequency units, 
respectively. This triple level is closer to the nucleus of the oxygen atom 
than any previously found for this element and is probably the valence 
ledeli In this last respect it corroborates the new Bohr theory for oxygen. 
Since this triple level is the valence level, it suggests the existence of three 
forms of atomic oxygen, two of these forms being metastablc. The 
resonance and ionising potentials of the stable form of atomic oxygen, as 
calculated from the data of these series, are 9-106 and 13-50 volts, 
respectively. Author. 

1462. The Isotope Effect as a Means of Identifying the Emitters of Band 
Spectra : Application to the Bands of the Metal Hydrides. R. S. Mulliken. 
(Nature, 113. pp. 489-490, April 5, 1924.)—Certain systems of bands 
Obtained in Zn, Cd, and Hg vapours are considered by Kratzer [see Abstract 
2413 (1023)], on account of the large spacing of the structure lines and the 
corresponding small moments of inertia, to be very probably due to 
hydrides of the respective elements. The same conclusion has been 
indicated‘in the case of copper by Freiichs. who has recently measured 
the lines of several copper bands of this type under high dispersion. A 
consideration of the magnitude of the isotope effects predicted by the 
quahtum theory of band spectra for hydrides, as compared with oxides 
or other compounds, permits a definite decision in favour of the hydride 
origin of the above bands, and the trustworthiness of this theory for the 
electronic bands has been tested by the writer on the BO and the SiN 
bands. In the-case of the BO bands it was the magnitude of the observed 
isotope effect which first definitely* indicated that they were not due to 
BN, as formerly supposed. From numerical data quoted in the paper, 
the definite establishment of CuH as the emitter of the Cu bands, makes it 
extremely probable that the similar bands of Ag. Au, and A1 are also 
dtie to hydrides. Mg and Ca hydrides arc well known as emitters of band 
spectra, and other metals give bands of large spacing likewise probably 
'dud t?o "hydrides, which latter appear to constitute an important group of 
dmittert of band spectra. It seems probable that most of the bands of 
sfnall line spicing given by metals are oxide (perhaps sometimes nitride) 
bands. H. H. Ho. 

"1463. Arc arid SpeOtra Spark in the Extreme Ultra-Violet. R. O. 
Hutchinson. ^Astnifjhys. 1 J. 68. pp. 280-293, Dec., 1923.)—A vacuum 
spectrograph was used with a concave grating with 480 lines per mm. 
afnd radiiis of curvature of 83-9 cm., giving a dispersion of about 24-7 A. 
per mm.' 1 ;'This grating-was ruled with a very light touch, and had a 
bright'AWt-'drder'spectrum with no observable second order. Hilger- 
Schumann films on celluloid, 1' x 5J', covering-the range from the central 
image tb'A3000'Were'fifeed.••'Ter entirely fill the grating it was found 
necessary to place the arc about 3 mm. from tKie slit, but the spark had 
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to be at about three times this distance to prevent damage to the slit 
itself. An electromagnetic arrangement was devised for striking the arc. 
An intermittent exposure was always given with the arc on account of 
the gas liberated. The usual exposure required from fifteen to thirty 
minutes with current strength of from three to five amperes. For the 
spark the " hot spark ” described by Millikan and Sawyer was used, 
from two to five hours being required for an exposure. Tables of wave¬ 
lengths are given for aluminium, carbon, and zinc. No appreciable differ¬ 
ence between the values for arc and spark lines was found, but relative 
intensities varied considerably. F. S. 

1464. Width of Absorption Lines in a Rarefied Gas. J. Q. Stewart. 

(Astrophys. J. 59. pp. 30-36, Jan., 1924.)—The production of Fraunhofer 
lines by a cool rarefied gas traversed by “ white ” radiation is discussed 
from the standpoint of classical electromagnetic theory. If the gas 
pressure is sufficiently low, dark lines are produced by scattering, so 
that the term " absorption line " is a misnomer. Two causes of the 
widening of lines are discussed—thermal Doppler effect, and an increase 
in the number of active molecules in the line of sight. The latter is by 
far the more effective. Equations are developed for line-width and for 
the minimum number of active molecules required to produce a just 
visible line. The theory is applied to the solar spectrum and attention 
is drawn to the smallness of the number of molecules required to produce 
a line. Thus the number of sodium atoms effective in producing the D 
lines in the solar spectrum is calculated as 3 x 10 1 ® per sq. cm. This indicates 
a very low density of gas in the solar reversing layer. The calculated 
weight of sodium per sq. cm. column of the reversing layer is, however, 
considerably greater than the weight which selective radiation pressure 
would support. J- J- S. 

1465. Ultra-Violet Absorption Spectra . W. Gross. (Zeits. Electro- 
chem. 30. pp. 18-20, Jan., 1924.)—An extinction-curve method is 
described for observing ultra violet absorption-spectra, suitable for use 
with dilute solutions, and here applied to different salts of copper. A. C. M. 

1466. Extreme Ultra- Violet Spectra. R. A. Millikan and I. S. Bowen. 
(Phys. Rev. 23. pp. 1-34, Jan., 1924.)—A vacuum apparatus and explosive 
spark were employed to investigate the regions between 136 A.U. and 
1862 A.U. for a great variety of electrodes. The lines thus obtained 
were assigned to the elements by a process of elimination, considering 
the different combinations of elements present in the electrodes employed. 
Thus, as an example, between 1000 A.U. and 330 A.U., chemically pure 
Mg and A1 gave practically identical spectra, while on the same plates 
the lines above 1300 A.U. were different and belonged to the metals. 
This meant that the lines below 1000 A.U. were the nearly pure spectrum 
of the oxygen atom, as this could have been the only impurity,of 
importance present. The only impurities probably present in the carbon 
employed were oxygen and aluminium, so by subtracting the O and A1 
lines, the carbon lines remained ; and so on. Where doubtfulness arose, 
lines were listed under both elements, the degree of uncertainty being 
indicated by subscript numbers : 

Hydrogen. Two lines only, both belonging to the Lyman series. 

Helium and lithium. No lines. • 
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Beryllium. One doubtful line. 

Sodium. One strong line. 372*3 and one doubtful one. 376-6. 

B, C, N, O, F, Mg, A l, Si, P, S, Cl. K, Ca. Cr, and Cu from 9 to. 
160 lines each, listed in tables. 

The strongest lines for each of the elements are L-series lines, and they 
form a progression similar to Moseley’s for the X-ray spectra. They are 
mainly doublets, the separation increasing regularly with atomic number. 
M spectra were also investigated, and they were of shorter wave-length 
the higher the atomic number, but identification was less easy. Two 
diffuse series lines and 2 sharp series lines observed belong to Mg(Il), 
5 lines due to A1+. and 9 due to A1++ or Al(III), 11 lines due to 
Si(IV), and probably the first terms of the principal series and of the 
diffuse series of P(V). The Bohr theory has been applied to the results 
obtained, and give values of the L and M levels of the atoms as follows : 
Sodium. L(I), v/R = 2*826. Magnesium. L(I) 4-298. L(II) 3-402. 
L(IH) 3-381. Aluminium, L(I) 6-045, L(II)-L(III) 5-008. The square 
roots of these values are linear functions of the atomic numbers. 

ForCa M(II), v/R =. 1-839,M(III) 1-810. The difference L(li)-I.(III) 
for Mg, gives a screening constant 3-1; the difference M(III)-M(II) 
gives for Ca the constant 7. All these results agree well with other data. 

Using as source exploded electrodes in a vacuum, the strongest 
spectrum lines emitted are due to " stripped " atoms; i.e. atoms which 
have been denuded of all valence electrons; for example, Na(I), Mg(II), 
Al(III), etc. A. C. M. 

1467. The 3883 Cyanogen Band in the Solar Spectrum. R. T. Birge. 

(Astrophys. J. 29. pp. 45-60. Jan., 1924.)—A critical study of the 3883 
band has yielded a list of 189 lines, apparently not blended, and suitable 
for investigation of the Einstein shift. Spectrograms from the Mount 
Wilson Observatory and numerous enlargements were used. A recom¬ 
putation of previous work on the Einstein shift by St. John, Grebe, and 
Bachem leads to the original results, so that the disagreement between 
the results of these investigators still remains. The relative wave-lengths 
of the 189 chosen lines in the arc and in the sun have been measured on 
a plate of 2-5 mm. per Angstrom dispersion, and are found to be the same 
within limits of error. Many previously measured discrepancies are 
found to be due to the use of undetected blends. The present result 
indicates that any solar shift, if present, is common to all the lines of 
this band. In a table, in addition to the 189 lines, are given 135 other 
lines in the region A3881 to A3773. F. S. 

1468. Absorption Spectra of Dyes in Different Concentrations. W. C. 
Holmes. (Indust, and Engin. Chem. 16. pp. 35-40, Jan., 1924.)—A 
summary of the variation in absorption of over 100 dyes due to changes 
of concentration over a wide range. A Hilger wave-length spectrometer 
and Nutting photometer were used. Apart from symmetrical modifica¬ 
tions of the absorption bands, displacements of the maxima and appre¬ 
ciable modifications of the form of the absorption curves were observed, 
often of a Tadical order.- For example, a majority of the azo-dyes 
examined behaved in this way. Pontachrome Violet SW and Diamine 
Black BO are exceptions to a general rule that with increasing dilution 
the maxima shift towards the red end. Further, the majority of the triamino 
derivatives of triphenylmethane and diphenylnapthylmethane are also 
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much affected. The only exception in point of direction of shift was 
Alkali Blue 6B.: 

Numerous instances are cited of the connection between chemical con¬ 
stitution and behaviour on dilution, and it is concluded that the phenomena 
must be due to constitutional alteration. Change in absorption must 
imply change in constitution, and in many cases the effect is so great that 
a radical change is indicated. Tautomerism between widely separated 
absorption bands in the cases of Crystal Violet and Methylene Blue is’ 
evidence that these dyes exist in aqueous solution in a state of tauto¬ 
merism between two constitutional forms, and that as the solution is 
varied, molecular rearrangement occurs. It is regarded that change in, 
concentration, of itself, is insufficient to explain the phenomena; also 
that hydrolytic dissociation, electrolytic dissociation and solvation are 
inadequate. The effect of molecular aggregation may be important; 
but it is concluded that change in colloidal state may directly affect the 
molecular tautomerism. ' A. C. M. i 

1469. Near Infra-Red Absorption Spectra of some ' Organic Liquids. 
J. W. Ellis. (Phys. Rev. 23. pp. 48-62, Jan., 1924.)—Using a spectro-.! 
graph with rather dense flint-glass prisms many organic compounds 
have been studied whose infra-red absorption spectra have heretofore 
been examined, if at all. only with the use of rock-salt prisms, and thus 
many absorption bands have been obtained which could not be resolved 
with such prisms. The self-recording prism spectrograph Littrow mount¬ 
ing, with dispersion equivalent to two 60° flint-glass prisms, was arranged 
so that the spot of light from the mirror of the galvanometer in the 
thermopile circuit was focused on a sheet of bromide paper on a drum 
rotated in gear with the prism table. Curves obtained show the trans-> 
mission through 11 mm. of the following organic liquids : Ethyl, methyl, 
propyl, butyl, ethylene, and methylene halides, butyl nitrite, benzene, 
toluene, pentane, hexane, heptane, octane, mcsitylene. • » paraxylene,■, 
chloroform, and bromoform. In a table are given tlic wave-lengths of 
the absorption maxima, and in many cases the percentage absorption. ; 
Curves obtained by visual observations arc also given for eight of the 
above compounds and for acetone And ethyl ether. Bands near O'99, 
1-02, 1*17, 1 • 38. and 1-70 ft occur in most of these spectra. Hence these 
bands are attributed to the C—H bond. They appear to be harmonics 
of a fundamental frequency found by Coblentz at 6-9 ft. There are also i 
bands at T81, 1-91, 2 00, and 2-lO.ft which occur for several liquids.) 
Some of the bands are double, like the infra-red bands due to gaseous.i 
compounds. The simple quantum theory of such gaseous spectra does 
not-seem to hold directly for the liquid spectra since the separation of the 
components of 1-38 ft and also of t* 7 ft is greater for the iodides than for 
the corresponding chlorides; - - ! J-J-S' 

- 1470. Harmonic Frequency Relations in the Infra-Red Absorption 
Spectra of Liquids and Solids. J. W. Ellis. (Optical Soc. of America.; 

and Rev.- Sci. Inst. 8. pp. 1-9, Jan., 1924.)—-Observations of infra-red 
absorption spectra of a number of substances, both organic and inorganic, o 
are described and discussed in conjunction with the results obtained by 
other observers,-and it is concluded that a pair of atoms held iiti 
chemical union, such as G and H, O and H, etc., even though forming 
partfjof-a more complex molecule, has not only a fundamental period oh- 
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vibration to which it responds when an electromagnetic wave of that 
frequency strikes it, but that it will also respond to whole multiples, or- 
approximately whole multiples, of that frequency under the proper 
stimulus. A. B. C. L. 

1471. Higher-Order Spectra of Argon, Krypton, and Xenon. L. and 
E, Bloch and G. Dtjardin. (Comptes Kendus, 178. pp. 7G6-769, 
Feb. 25, 1024.)—Continuation of previous work. The spectra were 
recorded which were emitted successively at the periphery of the glow 
excited in these gases, by an electrodeless discharge, as the voltage was 
increased. The gases showed neither water-vapour nor mercury-vapour 
as impurity when examined spectroscopically.; also the krypton and 
xenon were free from each other. The oscillatory discharge was found 
to drive the gases (particularly argon) into the wall of the quartz vessel; 
the tube could be softened by roasting. 

' Fifteen wave-lengths are given for each gas, grouped in 3 sets of five 
belonging to the 1st spark, 2nd spark, and 3rd spark respectively. For 
all three gases, the lst-spark spectrum extends from the extreme red to 
the extreme violet. The 2nd-spark spectrum, much less rich in lines, 
commences sharply at the border of the violet and ultra-violet. The 
3rd-spark spectrum has many more lines in the ultra-violet than in the 
visible region. More detailed results arc to appear later. A. C. M.,. 

1472. The Vacuum Spark Spectrum of Calcium. J. A. Anderson. 
(Astrophys. J; 59. pp. 76-96, March. 1924.)—Calcium electrodes 6 milli¬ 
metres in diameter with a gap of 2 millimetres were used in a glass vacuum 
chamber. Vacuum sparks were produced by the discharge of a I • 0-micro¬ 
farad condenser charged to a potential of 20,000 volts. The spectrum 
was photographed with a 1-metre focus. 4-inch concave grating, and the. 
longest exposure required was 400. sparks. The probable error of the 
wave-length of good lines is about ±0-02 A. The chief impurities were 
Mg, Sr, O; and N. A table contains 850 lines which arc ascribed to 
cklcium, and in a second table are collected 46 of these, which represent., 
all the lines observed which have previously been listed as calcium lines. 
It is likely that many of the new lines are due to Ca + .+ s 

•' •Specification-of Spark Circuits. —It is suggested that spark circuits 
should be specified by the maximum value of the current, the maximum r 
value of the potential difference between the terminals, and the frequency 
of oscillation, or by data from which these quantities may be readily 
obtained. The subject is discussed briefly and a few numerical examples 
are given. In the present investigation the maximum value of the 
current was about 10,000 amperes, the maximum potential difference 
20,000 volts, and the frequency 87,000 cycles. .. . 

‘ Intensity Scale for Spectra .—An attempt is made to give intensities of 
lines on’a logarithmic scale to base.2, that is, a line of intensity >n is 
2" times as bright as a line of intensity rn-n. The method of exposure 
ratios is employed. 

Direct Wave-Length Reader for Grating Spectra. —A revolution counter 
provided with a small circle to read fractions of a revolution is geared, 
Mad of the measuring machine, the gear ratio being so chosen , 
that one revolution of the counter circle shall be very nearly equal to 
1-A'. on tl£ plate.' Approximate Wave-lengths can thus be read directly. 
Corrections are derived from similar readings on the comparison iron arc 
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spectrum, and, as they are small, they are very easy to apply. Tests 
show no appreciable loss in accuracy and a very great saving in the time 
required to measure and reduce a spectrogram. Author. 

1473. Series Spectrum of Ionised Carbon ( CII ). A. Fowler. (Roy. 

Soc., Proc. 105. pp. 299-310. March 1, 1924.)—The system of series 
dealt with is characterised by a fourfold value of the hydrogen constant 
and attributed to singly ionised carbon. The sources used include the 
spark between graphite poles in air, the spark in hydrogen, the arc in 
vacuo, and carbon compounds in vacuum tubes. The vacuum tube 
spectra gave lines of fine definition, while the spark lines in the ultra¬ 
violet were mostly diffuse. Several lines had been previously recorded, 
but in few cases were the wave-lengths sufficiently accurate. New lines 
include a pair in the extreme red and three pairs in the ultra-violet. 
The spectrographs used include a 10-foot concave grating, two large 
glass spectrographs, a quartz Littrow spectrograph, another quartz 
spectrograph, and a vacuum grating spectrograph. Simeon's wave¬ 
lengths in the extreme ultra-violet were adopted. Tables are given of 
the lines comprising the spectrum of CII. of these lines arranged in 
scries, of the scries terms and effective quantum numbers. The value 
196670 for the highest limit of CII corresponds to a second ionisation 
potential of 24 • 28 volts. F - S. 

1474. Absorption Spectra of Chromium and Iron Vapours. H. 

Gleseler and W. Grotrlan. (Zeits. f. Physik, 22. 4. pp. 245-260, 
1924.)—The work is a continuation of that by one of the authors (sec 
Abstract 907 (1923)] upon various metallic vapours, and in the course of 
which no results were obtained with chromium and iron. The difficulty 
of obtaining sufficient vapour pressure with the elements to give absorption 
lines was overcome by heating in an evacuated quartz tube of about 
30 cm. length to 1250°. The absorption was detected by the method 
lately developed by Madelung and Gotze (see Abstract 2161 (1923)] and 
by Schtitz. The quartz spectrograph previously used was employed and 
also a grating spectrograph with a Rowland grating of 1-50 m. radius 
and 14,438 lines per inch on an Eagle mounting. In the case of 
chromium, two groups of lines, 4289-92, 4276-01. 4254 -52, and 3606-49. 
3593-64, 3578-81 .4., were found, and eleven lines in the case of iron, 
these belonging to the multiplets found by Walters in the iron arc 
spectrum. The quantum relations of these lines are discussed with 
reference to their Zeeman effect and Land6’s theory. F- S. 

1475. The Arc Spectrum of Chromium. H. Gleseler. (Zeits. f. 

Physik, 22. 4. pp. 228-244. 1924.)—Catalan first obtained some charac¬ 
teristic groups of chromium, and the author [Abstract 1141 (1923)], on 
the grounds of the Zeeman effect, coordinated a few lines. Catalan 
has in further work calculated the ionisation potential and the values of 
certain terms. The author has come to very similar conclusions to those 
of Catalan, but more series terms have been examined and also the 
Zeeman effect of some groups. The paper is almost entirely a compilation 
of data and should be consulted. W. V. M. 

1476. The Spectrum of Fluorine. H. G. Gale and G. S. Monk. 
(Astrophys. J. 69. pp. 125-132, March, 1924.)— The line spectrum, from 
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A7800 to A3400, has been photographed with a 21-foot concave grating 
and the wave-lengths measured. Spectra have been taken from a spark 
between gold electrodes in fluorine at atmospheric pressure and from 
vacuum tubes at reduced pressures. 

The band spectrum has been photographed, and the approximate wave¬ 
lengths of the heads of ten bands between A7000 and As 100 have been 
measured. Authors. 

1477. The Spectrum of Neutral Helium. Part II. C. V. Raman and 

A. S. Ganesan. (Astrophys. J. 59. pp. 61-63, Jan., 1924.)—In his 
rejoinder to the above authors’ criticism [see Abstracts 1857 and 1858 
(1923)] of his paper [see Abstract 161 (1923)] on this subject, Silbcrstcin 
has attempted to dispose of their contention that the approximate coinci¬ 
dences between some of the lines of the helium spectrum and those given 
by his combination formula are purely fortuitous. The two points raised 
by Silberstein are now answered. For this purpose the figures have been 
recalculated, taking the maximum limit of the quantum numbers to be 
that proposed by Silbcrstcin. The number of fortuitous coincidences to 
be expected between the observed lines of the helium spectrum and those 
given by the formula is calculated, and found to agree fairly well with the 
actual number. The view that the coincidences noticed arc due to mere 
chance is maintained. H. H. Ho. 

1478. Fine-Structure of Hydrogen, Ionised Helium, and X-Rays. 
E. Lau. (Phys. Zeits. 25. pp. 60-68. Feb. 1. 1924. From the 
Reichsanstalt.)—A general review is given of work on fine structure, 
with special reference to the possible errors. Of measurements on the 
Balmer lines previous to those of Gehrckc and the author, the interfero¬ 
meter measurements have special importance, as they are most free from 
errors. The mean value for all the determinations for the doublet sepa¬ 
ration of Ha is 0-298 cm.” 1 (interferometer observations only), while 
Sommerfeld’s theory requires 0-365 cm.- 1 . Since the error due to 
superposition of neighbouring components is absent, the number thus 
obtained should be weighted above other values got by other methods. 

More recent determinations with the Lummer-Gehrcke plate, and with 
the grating, etc., are subject to physiological and photographic errors, 
which may produce an apparent increase of V^h ^ mucb as 40 %• 
Gehrckc and Lau have made a redetermination of this quantity, using a 
Lummer-Gehrcke plate, and after allowing for various errors, obtain 
0 • 293, in good agreement with the early interferometer results. Further, 
attention is drawn to the lack of agreement between Sommerfeld’s theory 
and the anomalous Zeeman effect observed in the Balmer lines [see Abstract 
530 (1924)]. 

Values based on observation of ionised helium lines are even less 
satisfactory ; A4686 alone gives a value of Vv H consistent with Sommer¬ 
feld’s theory, and in this case, the spark photographs give so many lines 
in the neighbourhood of the group, that an unequivocal choice is 
impossible. For the rest, the value of V^ H is smaller than expected. 
The separations of X-ray doublets are also considered, but can be shown 
to be as consistent with the value 0-298 as w th0-365. A. C. M. 

1479. Absorption Bands of HCl. W. F. Colby. (Astrophys. J. 58. 
pp. 303-306, Dec.; 1923.)—The two absorption-bands of HCl are refor- 
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mulcted in terms of half-parameter numbers ; the new molecular constants 
thus calculated, and the band is predicted corresponding to a vibrational 
quantum change 1 -> 2. This is in agreement with a faint band recently 
found, which would otherwise be difficult to account for. Apart from 
this, the new formulation leads to nothing new or decisive. ’ ACM 


1480. Regularities in the Arc Spectrum of Iron. F. M. Walters jr 
(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 245-274, Feb 
• 1924.)--Of the metals of the eighth group, iron appears best suited for 
the study of spectral regularities. Although its spectrum is complex, the 
wave-lengths of many lines have been measured to high accuracy in a 
wide spectral range. Moreover, the behaviour of many of its lines in the 
magnetic field and under pressure has been observed, and a fairly complete 
temperature classification made from furnace spectra. The wave-lengths 
•used have been taken from the work of Burns, supplemented in the ultra¬ 
violet by those of Schumacher and in the infra-red by those of Meggers 
and Kiess. Twenty-two polyfold levels have been found, the inter¬ 
combinations of which result in fifty-four or more multiplets. which are 
given in a table. From the inner quantum numbers and Landd’s scheme 
for the Zeeman effect, the identification of several of these polyfold levels 
as P, D. and F terms has been made. For iron it has been observed that 
a correlation exists between lines grouped in a multiplet and’ their behaviour 
under pressure, as well as the behaviour in the electric furnace. F. S. 


1481. The Structure of the Iron Spectrum. O. Laporte. * (Zeits. i. 
Physik, 23. 3-4. pp. 135-175, 1924.)—In this paper 30 multiplets are 
described in the arc spectrum of iron, 10 of these having been discovered 
subsequent to those by Walters [see Abstract 91 (1924)]. The theoretical 
significance from the quantum standpoint is that in the iron spectrum 
terms of the quintet and triplet systems occur, and, as in the case of 
vauadium, widely separated Obcrbergmann terms have been established. 

f .Support is afforded to. the theoretical argument by the Zeeman effects. 
In agreement with the absorption experiments of v. Angerer and Joos 
[Naturwissenschaftcn, 12. 140, 1924], a d-term of the quintet system is 
found to be the fundamental term of the iron spectrum. Two kinds of 
terms which belong presumably to different states of the atom and have 
been established for the alkaline earths are found completely represented 
. in the iron spectrum. The gap in the Rydberg series formula presents 
for,the present an exact determination of the term magnitudes. The 
approximate value of the ionisation potential is 5-9 ± 0-1 volts, but the 
first line (A3859-913 A.U., ^25900-GO cm. -1 ) corresponds to a potential 
of 3-2 volts. A very comprehensive table is included containing a(1 the 
strong lines of the iron spectrum, a total of 321 lines being classified arid 
corresponding to.about 15 % of the total number of iron lines. A sypple- 
. mentary note points out combinations of septet terms in two multiplets 
and a further relationship among the triplets. ‘ H. H. fjb. 

1482 . Analysis of a Component of Mercury Radiation 546L-AjiIi Rita 
Bruiletti. 1 • (Acad. Tincei, Atti. 32. ii. pp. 496-499, Dec, 16; !1923.)-*In 
time or *ith forcing the lamp, this component undergoes changes,'^ r 

' salium, of a quantic order. •• ' • r * • * -A.'Tb 

<>-1 .t1$83 .^Absorption of Potassium Vapour at High Temperatures,^. L. 

. .Narayan and D. Guimayya. ,(Phys. Rev. 23^pp. 46-47, Jan./ A^Jr" 
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Further experiments have confirmed the existence of the lines A5340, 
6300, 6205, 6100, 4970, and 4831 previously noticed. The line 4831, 
well defined and coming next to 4641 and 4642 in intensity, is probably 
the combination line (1P-8D). The line 4120 was observed distinctly 
reversed. The absorption spectrum showed about 15 satellites accom¬ 
panying P 3 to P 8 which are not found in the emission spectrum. They 
increase in number and in width with increase of vapour density, finally 
coalescing to form a wide band. J. J. S. 

1484. The Electric Furnace Spectrum of Titanium in the Ultra-Violet. 
A. S. King. (Mt. Wilson Observat. Contrib. No. 274. Astrophys. J. 59. 
pp. 165-176, April, 1924.)—This paper supplements "Mount Wilson Con¬ 
tribution/* No. 76. published in 1914 [see Abstract 1415 (1914)] which 
covered the region A3888 to A7364. Temperature stages of 2000°, 
2260°, and 2600° C. were employed to observe the initial appearance 
and rate of increase in intensity of the ultTa-violet lines. The spectro¬ 
grams were made in the first and second orders of a 15-foot concave 
grating. A table gives the temperature classification of 785 lines, and 
their relative intensities in the arc and at the three furnace temperatures. 
New wave-lengths are given for 333 furnace lines which have not been 
measured in the arc spectrum, or for which the arc values arc poor, 
owing to diffuseness or blends. Many of the new wave-lengths arc for 
lines which are very weak in the arc. Comparison photographs of the 
spark spectrum were made for the selection of enhanced lines, which in 
this region are found to appear at lower temperature than the enhanced 
lines in the visible spectrum. The classification thus includes many lines 
of the ionised atom, and note is made of phenomena of reversal and 
dissymmetry in the condensed spark. A mixture of titanium with 
potassium had the effect of suppressing the enhanced lines of titanium, 
as has been noted in other cases of mixture with elements of lower 
ionising potential. Author. 

1485. Oscillographic Study of the Production of X-Rays by a Coolidge 
Tube. .J. A. Crowther. (Cambridge Phil. Soc.. Proc. 22. pp. 70-75, 
Feb., 1924.)—For a complete understanding of the working of an X-ray 
apparatus it is necessary to know the instantaneous values of (a) the 
potential applied to the tube. (6) the cun-cnt passing through it, (c) the 
quality and {d) the quantity of the X-radiation emitted. In the present 
experiments the author has attempted to obtain a simultaneous record 
of all four factors on the same plate, under the normal working condi¬ 
tions of an X-ray plant. The records of the potential variations applied 
to the tube were obtained by means of the electrostatic oscillograph 
described in another paper [Abstract 1675 (1924)]. The current record 
was given by an oscillograph of the Duddell type. The intensity of the 
X-ray beam passing through a slit was determined by the blackening of 
the photographic film. As a rough measure of penetrating power of the 
rays, an aluminium wedge was fixed across the middle of the slit. Some 
estimate could thus, be made of the quality of the radiation at different 
points during discharge. 

The fexcellent records obtained bring out many very important points 
relating to. the efficient use of X-ray tubes. It is shown that a spark- 
gap caqnpt be used ,to estimate the quality of the rays when a Coolidge 
tube is used with unrectified current. One record shows that the width 
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of the X-ray band is considerably less than that of the current wave- 
corresponding in fact to the period during which the potential curve is 
greater than 30 kilovolts. A considerable portion of the current through 
the tube is thus wasted from a practical point of view. With an induc- 

a v P ° tent,al r,ses almost instantaneously to its maximum value 
and the X-rays are emitted in a series of very narrow bands. On account 
of the narrowness of these bands in comparison with those when a trans¬ 
former is used, the energy output with an induction coil is relatively 
small. It is shown that the average current through a tube affords no 
measure of the intensity of the X-radiation ; an observation in agreement 
with that of A. E. Owen [Abstract 1638 (1924)]. A. B. W. 


I486. Refraction of X-Rays in Pyrites. B. Davis, and R. v. 
Nardroff. (Nat. Acad. Sci.. Proc. 10. pp. 60-63. Feb.. 1924.)—Using 
an X-ray tube with water-cooled molybdenum target, and a specially 
constructed ionisation spectrometer, the authors have made a careful 
series of observations of the X-ray reflection from pyrites. From the 
observations the value of 8 (where ft = 1 - 8) is determined and com¬ 
pared with the values deduced theoretically from Stcnstrom’s relation 
[see ** Untcrsuchunger dcr Rontgenspektron.” Dissertation. Lund, 1919) 
and from Lorentz's dispersion formula for ordinary light. 


X. 

i (Experimental). 

t (Calculated) (LorenU). 

0-6311 

0-7078 

2- 82 X 10~« 

3- 33 x 10"® 

2 - 62 x 10 -® 

3- 29 X 10"® 


The agreement between the experimental results and'theory is important 
and suggestive. A. B. W. 

1487. Change of Wave-Length by Scattering in the Case of the K-Radiation 
M ‘ de Br °2 ,ie - (Comptes Rcndus, 178. p. 908, March 10. 
1924.)—The note refers to an experiment to test Compton’s theory of 
change of wave-length of X-rays when scattered by different elements. 
The author uses A-rays of tungsten and a compound scattering surface of 
powdered metallic tungsten and carbon. The photographic plate registers 
at the same time the fluorescent A-radiation from the tungsten powder, 
and the scattered radiation (due to the presence of the carbon). The 
records show two lines well separated and corresponding to the first 
order of approximation to the values predicted by Compton’s theory. 

A. B. W. 


1488. Scattering of X-Rays and Bragg's Law. G. E. M. Jauncey. 
(Nat. Acad. Sci., Proc. 10. pp. 57-60. Feb.. 1924.)—In 1914 Darwin 
showed that when the classical electromagnetic theory of light is applied 
to the regular reflection of X-rays by a crystal a small departure from 
Bragg’s law is demanded if there is a refractive index for X-rays in the 
crystal. The theory further demands that the refractive index shall be 
1 - p, where p is a small positive quantity. Recently Compton pub¬ 
lished a paper on scattering of X-rays and which he showed that a change 
of wave-length is to be expected on scattering of X-rays. The writer 
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now suggests that if crystalline reflection of X-rays is a special case of 
scattering, then the reflected ray should be of longer wave-length than 
the incident ray [see also ** Nature.” 112. p. 325, 1923). On examination 
of experimental data in this light it is found that the experimental devia¬ 
tions from Bragg’s law cannot be explained on the assumption of a 
change of wave-length on reflection. The author therefore arrives at the 
conclusion that Darwin’s theory of a refractive index is more probably 
the correct explanation of observed deviations from Bragg’s law. (See 
Abstract 535 (1924).] A. B. \V. 

1489. The Recoil of Electrons from Scattered X-Rays. A. H. Compton 
and J.C. Hubbard. (Phys. Rev. 23. pp. 439-449, April, 1924.)—The 
theory here given is an extension of the quantum theory of scattering 
suggested by Compton, which assumes that each directed X-ray quantum 
is scattered by a single electron. Expressions for the distribution of 
recoil velocities, of energies and of ranges are developed for each of two 
postulates, assuming that (1) the scattered radiation consists of directed 
quanta, and (2) the scattered radiation proceeds as spherical waves. On 
the first postulate the maximum recoil energy is shown to be 

= hv o X 2a/(l + 2a), where a *= h/mcX 0 ; the recoil electrons are 
shown to be concentrated at angles near the direction of the primary 
beam; and from the distribution of energy, using a relation given by 
C. T. R. Wilson, the distribution of ranges is found to be such that two- 
thirds have tracks shorter than half the maximum range. The maximum 
range increases rapidly with frequency. The values for the maximum 
ranges in the case of X-rays (0-34 to 0-48 A.) are computed to be about 
one-third of those observed by Wilson for his ” fish ” tracks, but the 
difference may be due to the lack of homogeneity of the rays used. The 
relative number of recoil electrons to photo-electrons increases with the 
frequency and is in agreement with observations by Wilson. The second 
postulate, however, leads to a value for E„ only one-fourth that given 
above, a value which is inconsistent with that derived from a considera¬ 
tion of radiation pressure and which leads to values for maximum ranges 
one-fiftieth of those observed by Wilson. Other experimental observa¬ 
tions are cited which also lead to the conclusion that the first postulate 
is much more likely to be true than the second, hence, that each 
quantum of scattered radiation is probably emitted in a definite direction. 

Authors. 

1490. A Necessary Consequence of the Compton Effect and its 
Confirmation. L. Meitner. (Zeits. f. Physik, 22. 6. pp. 334-342. 
1924.)—When Rontgen or y-rays of frequency v 0 impinge on matter, 
two different processes arise, viz. (1) A true absorption whereby the 
ray abstracts an electron from the impacted atom and thereby loses its 
entire energy quantum according to the Einstein equation for the photo¬ 
effect, hv 0 = E fl + A, where E^ is the kinetic energy from the electron 
and A is the work of detachment. If the incident wave radiation be 
monochromatic, then the separated electrons will possess discrete energy 
values depending on the respective K, L, or M rays. (2) A scattering 
effect shown to take place by Compton [see Abstract 2194 (1923)) under 
special circumstances, so that a part of the energy of the primary ray 
appears as energy of a deflected ray of smaller frequency v, and another 
part as kinetic energy E* of the scattered electron. The above equation 
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then becomes hv =-- hv 0 -f- E^. The energy of the detached electrons 
depends on the magnitude of the scattering angle [see Abstract 1878 
(1923)1, and the photo-effect is only possible if the absorbed electron is 
so united to the atom that the atomic residue can also receive an impulse. 
Practically for the same substances with decreasing wave-length of the 
incident rays, the photo-effect becomes more improbable and the Compton 
effect more probable. The two effects can be identified by the line 
spectrum of the former and the continuous one of the latter. The paper 
itself is a discussion of the work of Bragg. Compton. Debye, Augur, 
Cooksey, Seitz, Wilson, Kohlrausch and Schrodinger, Bothe, Ross, and 
of the author relevant to these effects. The conclusion is drawn that if 
the photo-effect be assumed symmetrical as a first approximation, the 
Compton effect can then be estimated for different wave-lengths and 
materials from the observed asymmetry. This is especially accessible 
for the lighter atoms and shorter wave-lengths. H. H. Ho. 

1491. Tertiary X-Radiation. G. L. Clark and W. Duane. (Nat. 
Acad. Sci., Proc. 10. pp. 41-47, Jan., 1924.)—The authors have 
examined secondary radiators consisting of fifteen different chemical 
elements whose atomic numbers range from 6 (carbon) to 60 (neodymium). 
The radiation from the secondary radiator produced by the primary 
rays consists of a continuous spectrum beginning at the short wave¬ 
length limit and extending toward the longer wave-lengths. The spectrum 
is regarded as produced mainly by the primary continuous spectrum. 
Upon the secondary continuous spectrum arc superposed peaks repre¬ 
senting (a) the scattered radiation of the /(f-scries line spectra of tungsten 
rellcctcd in the first, second, and third order spectra. These peaks corre¬ 
spond to wave-lengths that arc equal to those of the primary rays to 
within experimental error (0 1 %) ; ( b) peaks representing the A-serics 
fluorescent live spectra of the secondary radiator; the wave-lengths 
corresponding to these peaks equal the wave-lengths of the primary 
A-series lines of the respective chemical elements to within the limits of 
experimental error (0 1 %) ; (e) humps, the short wave-length limits of 
which correspond to their theoretical values (sec original paper) and 
which represent tertiary radiation from electrons ejected by the primary 
tungsten lines. All the observed characteristics of the radiation are 
explained as due to the above-mentioned causes. In particular, the 
authors have not observed peaks which correspond to a shift of exactly 
0-024 A.U. which should occur if the incident X-ray quanta deliver their 
energy and momentum to single electrons according to Compton’s theory. 

A. B. W. 

1492. Reflection by a Crystal of its Characteristic X-Radiation .. G.b- 

Clark and W. Duane. (Nat. Acad. Sci., Proc. 10. pp. 48-53. Jan.. 
1924.)—The object of the present note is to present (1) a new precision 
measurement of the spectrum, characteristic of iodine, reflected through 
5 orders by the 100 planes of AI in accordance with the Bragg law, and 
(2) a further verification of the anomalously reflected X-rays characteristic 
of iodine from AI. See previous papers by the same authors [Abstracts 
866 (1924) and 2202 (1923)]. . A. B. W. 

i. : .149S. Soft X-Rays from Tungsten. C. B. Bazzoni and C. T. Chu* 

; (Frank. Jnst.. J. J97. pp. 183-197. Feb., 1924.)—This paper consists fit 
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tworparts, the-first par$ reviewing the present theory of atomic structure 
•and giving data- of the K, L, M, O, and P radiations which depend 
largely upon experimental data rather than theoretical results. The 
study of soft radiations, such as of the P and O levels, are important 
for the theory (Bohr), but the photo-spectrographic method is no longer 
applicable, and the radiations must be studied by the photoelectric 
method. 

• The second part of the paper describes an experimental arrangement 
which is an extension of* the method of Richardson and Bazzoni 
• (Abstract 895 (1922)3 in which electrons are emitted from a tungsten 
filament and a condenser, when properly charged, prevents the ingress 
of electrons into a chamber containing a photoelectrically sensitive disc 
of copper, connected to a Dolczatek electrometer. Details of exhaustion 
and difficulty due to melting and leakage of the seals are given, with the 
•method of'operation. To standardise and check results the apparatus 
was first used with a molybdenum target and the experimental results 
found to agree with the known molybdenum radiation, in spite of the 
•'deficiencies of the present apparatus. A target of tungsten was then 
introduced. The experimental results are discussed, in relation to the 
theoretical values of Hjalmar, and it was decided that the presence of 
N and O radiation was proven and that, within the experimental limita¬ 
tions. this radiation is from the N lt N 2 . and 03 - 4 , levels, but further 
experiments, with improved technique, are to be carried out to confirm 
the latter and to measure the wave-lengths by the magnetic method. 

B. J. L. 

1494. Relatiuistic Rdntgen L-Doublets and the Screening Constant. 

J. B. Green. (Phys. Rev. 22 . p. 546, Dec., 1923.)—A more accurate 
method of computing the screening constant shows that the conclusion 
in a previous paper (see Abstract 1153 (1923)) is incorrect, and that 
the screening constant would not be constant if terms beyond the third 
were neglected in accordance with Bohr’s suggestion. Author. 

1495. Spectral Series in the Soft X-Ray Region. G. K. Rollefson. (Phys. 
Rev. 23. pp. 35-46, Jan., 1924.)—It has been found that spectral lines 
can be detected in the soft X-ray region by studying the total photoelectric 
effect produced by the radiation as a function of the accelerating voltage 
applied to the electrons producing the radiation. This method has been 
used to measure the wave-lengths of nine M lines of iron between 
A « 264 A, and A =■ 77 A.,- and three L lines A = 20 0, 19-4, and 17-7 A. 
These measurements show that the method i 9 capable of filling in the gap 
in the spectrum between the ultra-violet and the X-ray regions. By 
applying the combination principle, it has been shown that the results 
obtained are in accord with Millikan’s measurements in the extreme 

.. ultra-violet spectrum of iron and also with Siegbahn’s measurements of 
the K-series of iron. A. B. W. 

.11 1496. Ionisation of Gases as a Function of the Energy of Electron Impacts. 

1 K If. Hughey and E. Klein. t (Phys. Rev. 23. pp. 460-463, April. 1924.)— 
Ionisation up to 300 Volts .—Electrons were accelerated from a tungsten 
. wire to a-plane perforated electrode G, through which a small fraction 
passed into a space where they were all stopped by a retarding field 
..between.the perforated electrode and a plane parallel .plate P connected 
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to an electrometer, which collected all the positive ions formed on collision 
between the electrons and the gas molecules. The fraction of the collisions 
resulting in ionisation as a function of the energy of impact is shown to 
be /(V') = (l/2a/>D)^f(V 0 P/E)/</V 0 ’, where P/E is the ratio of positive 
ions produced to the number of electrons passing through the perforated 
electrode G. V n is the retarding potential between P and G and is some¬ 
what greater than V' the maximum energy of impact, p is the pressure, 
D the distance apart of P and G, and a is the chance of collision per cm. 
for 1 mm. pressure which is assumed to hate the kinetic theory value. 
For helium, neon, argon, hydrogen, nitrogen, and methane, f(V') was found 
to increase very rapidly to a maximum value, after which there was a 
less rapid, though marked, decrease. The maxima occur at 147, 157, 
80, 74, 101, and 80 volts for the gases in the order named, the maximum 
values being respectively O il, 0 14, 0-35, 0-21, 0-32, and 0-28. Even 
for the most favourable velocities, then, less than half the collisions result 
in ionisation. 

Radiation Potentials of Argon and Carbon. —A break in the argon curve 
suggests L radiation for argon at 250 volts impact energy, while a break 
in methane curve indicates a possible K radiation for carbon at 248 volts. 

Authors. 


RADIO-ACTIVITY. 

1497. Radio-Activity. J. F.. Underwood. (Optical Soc. ot America, 

J. and Rev. Sci. Inst. 7. pp. 1155-1159. Dec.. 1923.)—Simple apparatus 
for demonstrating characteristic electric, photographic, scintillating, 
fluorescent. and absorption effects. A. D. 

1498. Determination of Thorium Emanation in Hot Springs—Using the 

Method of Induced Activity. A. Lepape. (Comptes Rendus, 178. pp. 931- 
934, March 10. 1924.)—The paper gives the results of a series of measure¬ 
ments of the thorium emanation content of the waters at Bagndres-de- 
Luchon, Vernet-les-Bains, Les Escaldes, Thuds-lcs-Bains, La Bourboulc, 
Royat, St. Nectaire. The first four of these springs are in the Pyrenees, 
the remainder on the Central Plateau. In the former case no thorium 
emanation could be detected, whilst on the Central Plateau, small quanti¬ 
ties were detected with certainty. A. B. W. 

1499. Investigation of the Air in the Schneeberg-Oberschlema Borings for 

the Radium Emanation Content. P. Ludewig and E. Lorenser. (Zeits. 
f. Physik, 22. 3. pp. 17&-185, 1924.)—The region referred to in the title 
is especially suitable for the study of radium emanations. Previous work 
there is first briefly detailed. Following this comes a full account of 
recent investigations by the present authors, with apparatus, details, and 
data in tabular form. The paper is entirely descriptive and should be 
read in the original. H. H. Ho. 

1500. Cosmic Origin of Radio-Active Substances in the Atmosphere. H. 
Bongards. (Astrophys. J. 58. pp. 307-313, Dec., 1923.)—The presence of 
the emanations of the radio-active elements in the earth’s atmosphere 
has generally been attributed to exhalations of the soil and the rocks. 
Observations by the author in 1913 at Lindenberg, by means of steel wires 
6 to 15 metres in length, carried to altitudes of 4000 metres by kites, 
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showed an unmistakable dependence of the quantity of emanation present 
upon the barometer at the surface and the temperature of the air strata 
measured. A period of 27 or 28 days in the variations observed suggested 
the sun as the source, since this is approximately the period of rotation of 
the sun. This suggestion was corroborated by a study of observations by 
Wright and Smith at Manilla, Philippine Islands, during the same period 
of time. The fluctuations were the same at the two places. The author 
therefore concludes that the sun is the source of the emanations and not 
the soil as hitherto believed. A. B. W. 


1501. Particles of Long Range from Polonium . L. F. Bates and J. S. 
Rogers. (Roy. Soc.. Proc. 105. pp. 360-369. March 1, 1924.)—Polonium 
has been examined by the authors, using the scintillation method previously 
described [Abstract 1197 (1924)1, for the emission of long-range particles. 
It has been found that for every 10 7 a-rays of range 3-93 cm. emitted, 
there are also present 98. 51, and 26 particles of ranges 61 ±01, 100 
± 0-1, and 13* 1 ±0-2 cm. respectively, together with about 7 particles 
of longer range, which are probably H-particles. It is considered, from 
the relative brightness of the scintillations alone, that these particles are 
a-particles. Also, from the evidence available, it is deduced that these 
particles are emitted from polonium itself. The following table includes 
all results, dealing with long-range a-particles, up to date : 


Radium C 
Thorium C 
Polonium 


{ 

{ 

{ 


Range cm. 

- 3 8 

70 

9-3 

11-2 

13-3 

No. .. 

.... 300 

10® 

38 

12-6 

0-4 

Range cm. 

.... 4-8 

8-6 

11-5 

15-0 

18-4 

No. 

.... 5-4x105 

10® 

220 

47 

55 

Range cm. 

• • • • 

3-9 

6-1 

10-0 

13-1 

No. 

9 0## 

10® 

9-8 

6-1 

2-6 


A. B. W. 

1502. On the Tracks of a-Rays in Helium and Other Gases. W. C. 
McQuarrle. (Roy. Soc. Canada. Trans. 17. Sect. 3. pp. 111-118, 1923.)— 
C. T. R. Wilson’s cloud method was employed, with an apparatus specially 
designed for use with helium, modelled after that used by Bumstead for 
observing 8-rays in hydrogen ; it was found that more rapid expansion 
was required for helium than for air, and a powerful spring was employed 
to pull down the brass piston, which moved in a brass cylinder with no 
packing; the fit was so exact that, with grease lubrication, helium could 
be left in the apparatus several days without great leakage. The range 
of a-particles is greater in helium than in other gases, and the ejected 
nucleus has a longer path and there is a better chance of detecting it ; 
since the colliding masses are equal the a-particle may give the helium 
nucleus the whole of its energy; the paths may be expected to separate 
at right angles, if there is conservation of energy and momentum ; a few 
stereoscopic photographs were taken which verified this. Making use of 
this fact and assuming that the range R = hv n , where v is the velocity 
and A and n constants, it is possible, from observations of the angles 
at which the two bodies appear to leave the original a-ray track in an 
ordinary photograph, and the lengths of the two tracks, to determine n. In 
this way, from three suitable forks, the values 0-7. 0-7. and 0-9 were 
obtained; these are much smaller than Geiger's value n = 3, deduced 
for much faster a-particles. Blackett found » = 1 • 5 for a-particles near 
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the end of their range in air. Some of the tracks showed a slight general 
curvature, and after collision sometimes much greater curvaturein i 
some cases the track seemed to straighten out again. A collision may 
perhaps cause some asymmetry in the particle, which causes the curved 
track ; Blackett has made similar observations. Quite sharp bends occur 
without any indication of the path of the particle to which the a-ray 
gave up momentum ; it seems that the whole helium atom has been set 
in motion, and not being charged does not leave a track. Observations 
were made with air and hydrogen. . H. N. A. 

1503. Secondary fi-Rays Produced in a Gas by X-Rays. P. Auger. 

(Comptes Rendus, 178. pp. 929-931, March 10, 1924.)—See Abstract 
2449 (1923), where the author refers to the method of measurement—, 
using a W ilson condensation chamber traversed by a beam of X-rays. 
The present paper deals with a detailed analysis of the observed angles of 
deflection of the secondary /?-ray tracks. A. B. W. j 

1504. The Effect of Temperature on the Luminosity of Radium Com¬ 

pounds. J. A. Rodman. (Phys. Rev. 23. pp. 478-487, April, 1924.)— 
(1) In the case of pure RaBr 2 . a tube containing 9 mg. after heating to 
600’ C. gave an initial luminosity of 5600' /^-candles/cm. 2 which decreased! 
in 1 hour to 3600 or 2800, according as the tube was cooled to 20° suddenly 
or gradually, and continued to decrease, according to the equation 
I, = + V A ' ,T . reaching an equilibrium value of only 6/x-c./cm. 2 after 

500 hours. This equilibrium value increases somewhat with the tempera¬ 
ture, but depends only on the temperature and not on the previous treat¬ 
ment. (2) In the case of mixtures with BaBr 2 , the initial luminosity, 
after removing from the furnace, increases exponentially with the tempera¬ 
ture ; the rale of decay is greater the lower the temperature at which the 
sample is held ; the equilibrium luminosity for 1 to 3 per cent. RaBr 2 
at 20° increases markedly as the radium content decreases and for higher 
temperatures decreases as the temperature is increased. For 7 per cent. 
RaBr 2 , however, the equilibrium luminosity at 20° is less than for either 
3 or 100 per cent., and it increases with the temperature. In all cases, 
however, the equilibrium value depends only on the composition and on 
the temperature at which it is kept. These results are consistent with the 
suggestions by Rutherford of the formation of " active centres." Authok. 

1505. Exact Measurements of Radium Emanation. A. Becker. 

(Zeits. f. Physik, 21. 5. pp. 304-316. 1924.)—The present paper contains 
a brief rtsumi of the principal conditions necessary for emanation measure¬ 
ments free from objection, and. at greater length, a description of their 
practical realisation. ' Section 1 discusses the general principles involved 
in such measurements, which are either undertaken from the loss in charge 
of a charged system using a high-potential electrometer, or from the 
charging of an uncharged system evaluated by means of a low-potential 
instrument. Sections 2 and 3 deal with the practical details of measure¬ 
ments by the emanometer. Section 4 describes in full the normal radium 
preparations and the properties of radio-active solutions. Tables of data 
are included. Section 6 discusses the practice of the emanation measure* 
ment. H. H. Ho. 

• J* • • ^ ^ 
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1506. An Inter comparison of High-Temperature Scales. W. E. 
Forsythe. (Astrophys. J. 58. pp. 294-302, Dee., 1923.)—An inter¬ 
comparison has been made of the high-temperature standards now used 
in certain research laboratories in this country (U.S.A.) and abroad by 
the method of brightness temperatures as measured by the disappearing 
filament optical pyrometer. [See also Abstract 1889 (1923).] The 
" brightness temperature" of a non-black body, as determined by 
measuring the brightness for a given wave-length A with tiie pyrometer, 
is defined as the temperature to which a black body must be raised to 
give the same brightness for the same wave-length. Thus if the bright¬ 
ness temperature of a body is 1500° lv. for A =-• 0-665/x, then for this 
wave-length the body has the same brightness as a black body for this 
same wave-length. 

Several tungsten lamps which had been carefully aged in the Nela 
Research Laboratory, were sent to the Bureau of Standards, the National 
Physical Laboratory of Great Britain, the University of Wisconsin, and 
the Research Laboratory of the General Electric Co., requesting 
that the temperatures of the lamps should be measured for specified 
currents. In each of the laboratories the temperatures were measured 
with a disappearing filament optical pyrometer, using a plate of red 
glass as the monochromatic screen. The results give not only a comparison 
of the brightness temperature of tungsten but also a valid comparison 
of t|ic high-temperature scale. In each laboratory the high-temperature 
scale based upon: (a) The melting-point of gold (1336° K.) or 
palladium (1828° K.), (5) extrapolation by means of Wien’s equation 
using for c 2 the value 14350deg. Necessary reductions due to various 
factors such as a difference in the standard temperature, or a different 
value of the constant c 2 have been considered. A table is then given 
of the values obtained at the various lal>oratories, the agreement being 
very good. Part of the table is given below : 


jWTfifE 


N.R.L.. 
April, 1020. 

N.P.L., 

i nr ;i iqo) 

N.R.L., 
r„ n « va * * 

Hureau, 
Jan.. 1023. 

N.R.L., 
Jan., 1023. 

’EdEffl 

Current. 

Mmmm, 


April, IVZZ. 

June, lv*._. 

a * f f \ • * 

1 

Iff *4 

1825 

1825 

1826 

1824 

1828 

T-78-G .»... 4 

20-4 

, 2262 

2265 

2266 

2265 

2209 

1 

27-4 

2746 

c • ‘ - *•• I 

2757 

2753 

2755 

2765 


T. B. 


1507!. TJte Measurement of Small Sources of Heat : the Use of a Com¬ 
pensated Micro-Calorimeter. A. Tian. (Comptes Rendus, 178. pp. 706- 
707, Feb./18, 1924.)—The instrument consists of a cell placed at the centre 
of a constant-temperature bath and separated from it by a thermal insu¬ 
lator. The evolution of the heat to be measured takes place in the cell. 
A thermopile, joined to a galvanometer, is connected by a series of junctions 
with the cell and by another series with the bath, serves to measure the 
difference in temperature of the two media. 
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A second thermopile similarly placed is used to absorb, by the Peltier 
effect, the heat evolved. Compensation is effected by adjustment of the 
galvanometer deflection to zero. It is suggested that the method may be 
suitable for following the progress of chemical reactions where small changes 
in heat take place or for calorimetric observations in biology. W. C. S. P. 

1508. Physical Properties of the Paraffin Hydrocarbons. R. E. Wilson 

and W. H. Bahlke. (Indust, and Eng. Chem. 16. pp. 115-122. Feb., 
1924.)-—Data respecting the vapour pressures, heats of vaporisation, 
densities, critical constants, and specific heats of the normal paraffin 
hydrocarbons are compiled from the literature and treated theoretically 
with the aid of thermodynamics, the laws of corresponding states, and 
similar relationships to choose between discrepant data, to fill in gaps, 
and to extrapolate to higher temperatures and to compounds of higher 
molecular weight, thus affording a fairly complete set of approximate 
values for the more important physical constants for all the hydrocarbons 
from butane to tetracosane. The practical application of the results to 
refinery cuts is discussed together with the necessary precautions to be 
observed. . A . B. C. L. 

1509. The Emissive Power and Melting-Point of Tungsten. A. G. 
Worthing. (Zeits. f. Physik. 22. 1-2. pp. 9-17, 1924.)—The paper is a 
description of the author's repetition of the determination of the emissive 
power of tungsten and a comparison with the results of other observers. 

A tubular tungsten wire, having small holes in the walls and electrically 
heated, is the source of illumination ; and neglecting a small correction 
due to temperature difference between the inner and outer surfaces, the 
ratio of the brightness of the surface to that of one of the holes is the 
required emissive power. The comparison is made with a filament pyro¬ 
meter. The spectral emission for 0-665 /4 and for 0-467 /4 at room tem¬ 
perature and 1330° A. was determined by the method of reflection. In 
this way the values obtained were : 

(1) For 0-665/4 at 300° and 1330° abs. 0-465 and 0-453. 

(2) For 0 -467/4 at 300° and 1330° abs. 0 -507 and 0-493. 

These results seem to be in good agreement with other measurements 
at room temperature and very good agreement with former determina¬ 
tions by the author at the high temperature. The alteration in the 
temperature scale of W which becomes necessary is very small. 

The results given by various observers for the melting-point of W are 
discussed, and assuming the melting-point of gold to be 1336° abs. and 
c 2 (the constant of the Wien-Planck law) = 14,350 /4 deg., and 0-401 as 
the spectral emissive power at the melting-point, the latter becomes 
3645° abs.; or equal to 3665° abs. if c 2 = 14,300 /4 deg. The value is 
probably correct to 20° abs. W. V. M. 

1510. Freezing of Water in Capillary Systems. E. A. Fisher. (J. Phys. 
Chem. 28. pp. 360-367, April, 1924.)—The dilatometric studies of 
Bouyoucos and his co-workers on soils, and of Foote and Saxton on inor- 

. ganic hydrogels appear to indicate that much of the water in such systems 
fails to freeze even at temperatures as low as — 78° C. It was concluded, 
therefore, that such water cannot be present as free liquid water, but 
must be physically absorbed or chemically combined or in solid solution. 

In the present note these conclusions are criticised. It is pointed out 

VOL. XXVII. —A.—1924. AL-tfi a ,.|>V 



HEAT. 


629 


that water present in very fine capillary tubes or pores must be under 
considerable tension, and hence possibly the density of such water is not 
necessarily the same as that of water in bulk. The conclusions of the 
workers cited rest on the assumption that the density of water in such 
capillary systems is normal. Until this point is cleared up it is difficult 
to accept as valid results based solely on dilatometric studies. A. A. D. 

1511. Some Experiments on the Convection of Heat in Vertical Water 
Columns. H. H. Poole. (Roy. Dublin Soc., Proc. 17. pp. 267-273, 
March, 1924.)—An account is given of some experiments on the convection 
of heat in vertical water columns, made with a view to estimating the 
probable magnitude of the heat flow in stagnant water. The column of 
water was contained in a glass tube open at both ends and connecting an 
open upper vessel and a closed lower copper vessel. The lower vessel 
was electrically heated and the upper vessel kept cool by an immersed 
water worm. The whole apparatus, with exception of the upper vessel, 
was contained in an inverted bell jar. the intervening space being filled 
with granulated cork, and the jar made to float vertically in a water bath. 
Thermo-couples were used to measure the temperature difference between 
the ends of the column of water. Five sets of tests were carried out with 
single columns of various diameters and lengths, the former ranging 
from 1-07 cm. to 2-82 cm., and the latter from 10-2 cm. to 23-1 cm. 
Three sets of tests were carried out with double columns, consisting of 
two parallel glass tubes of as nearly as possible the same dimensions. 
The results of the tests are shown on two graphs the quantities plotted 
being the logarithms of temperature gradient against " convectivity.” 
The latter is defined as the heat flow per sq. cm. of total horizontal area 
per sec. divided by the gradient. 

The results show that the flow of heat in most cases increases much more 
rapidly than the temperature gradient. The smaller the column the more 
rapid is the rise of heat flow with rise of gradient. It is concluded that, 
for the small gradient existing in the earth, the effect of convection in 
water-logged porous rocks would be negligible. Where, however, water 
fissures occur, an appreciable increase in the vertical flow of heat would be 
expected. [See also Abstract 226 (1924).] W. C. S. P. 

1512. Free Convection of Heat in Liquids. R. A. Nelson. (Phys. 
Rev. 23. pp. 94-103, Jan., 1924.)— Part I. Photographic Study of Convection 
Streams. —A manganin wire 0-0315 cm. diameter and 2-7 cm. long was 
fixed horizontally in the lower part of a rectangular glass vessel and 
heated electrically. The liquids surrounding the wire were water, olive 
oil, or glycerine. A beam of light from an arc lamp was sent through the 
vessel, the axis of the beam coinciding with the axis of the wire and an 
end-on photograph of the wire and surrounding liquid taken (magnification 
3-5 diameters). For couvective effects in the liquid in the immediate 
neighbourhood of the wire the beam through the vessel was convergent; 
for effects at a distance a parallel beam was used. It is seen from the 
photographs reproduced in the paper that there is a contraction of the 
convective stream a few mm. above the wire, then it becomes practically 
linear and finally diffuses outwards. When the wire is first heated a 
layer of liquid immediately round the wire becomes heated, the lower 
half of which first moves down, then stops and ascends joining the stream 
from the upper half. The stream from the upper half first ascends as 
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a distinct semicircular pulse. The appearance of the image of the wire 
confirms Langmuir’s suggestion of a stationary film on the surface. 

Part //. Heat Losses from a Wire Surrounded by a Liquid .—The object 
was to investigate whether the heat loss in calories per sq. cm. (h) could 
be expressed in the simple form h = bO ”, where 6 is the excess tempera¬ 
ture of the wire above that of the surrounding liquid. A silver wire 
0 033 cm. diam. and 16-9 cm. long was mounted as in Part I and heated 
electrically. After about 10 min. the steady state was reached. Its 
resistance, was then measured and the temperature of the wire deduced. 
The surrounding liquid was stirred and the temperature read by a 
mercury thermometer. In the case of water, alcohol, CCU. glycerine, 
and castor oil, n has the values 1-15, 1-105, 1-25. 1-25, and 1*24 respec¬ 
tively. The measurements of A. H. Davis [Abstracts 339 and 340 (1923)] 
are then reduced, the losses l>eing expressed in cals, per sq. cm. and a 
value of h between 1 and 1-25 is found to fit these observations. The 
value of b varies w ith the nature of the liquid and the mean temperature 
and probably depends on the diameter of the wire. Further experiments 
are necessary to elucidate this point. L. L. 


1513. Heat of Vaporisation a Function of the Temperature. M. M. 
Green. (Am. Chem. Soc., J. 46. pp. 544-545. March, 1924.)—If the heat 
of vaporisation AH. is assumed to be a function of the temperature alone, 
the same function for all non-associated liquids, but differing in the con¬ 
stants involved, then AH may be put «= T/(AT). That is, AHj If(hT), 
and AH 2 = Tf(KhT). where k and K are constants. At the critical 
temperature AH| = T ci f(k’Y c {) »■ AH 2 = T^/fKAT^) =0; K = 'In/Trf- 
At the boiling-points AHj/Tm «/(*T B i). and AHo/T n 2 =/(KAT B 2 )- 

Assuming Trouton’s rule, f(k T B i) =*/(KAT B 2) “ / h ^ 2 ) * rom wllic, ‘ 

Tm/Tci = T U2 /T< 2 . or the ratio of boiling-point to critical temperature 
is a constant. This has been shown to be approximately true by Gold¬ 
berg, the constant being about 0-66. 

1514. Joule-Thomson Effect in C0 2 . E. S. Burnett. (Phys. Rev.22. 
pp. 690-616. Dec., 1923.)—Experimental work is described in whidi 
dry C0 2 . compressed to high pressures (20 to 75 atmos.) and brought o 
definite temperatures (0 to 120° C.). is adiabatically expanded radial ) 
inward through the walls of a porous porcelain tubular plug, successive y 
to several lower pressures. The observations obtained are reduced to yield 
isenthalpic throttling curves, the slopes of which determine /x -= (W/Wr 
the Joule-Thomson coefficient. For both liquid and vapour phases /* 
is found to be a linear function of the isenthalpic temperatures and an 
exponential function of the isenthalpic pressures of such curves. In uie 
liquid region n becomes zero at - 24° C. for all pressures involved and is 
negative at lower temperatures. An empirical relationship is formulateu 
to represent the entire experimental field for both phases, including tn 
transition region in the vicinity of the critical point and along the saturation 
curve. Isenthalps. isotherms, and isobars thus computed for the range 
0-100 atmos. from the solid-liquid phase-boundary at about — 56 ,.V* 
through the liquid field into the superheated vapour field as far ^ 

160° C. are presented in tabular and graphical form. The resul 
obtained from the experimental isenthalpic curves are compared with those 
obtained from other sources, and all show good agreement with Keyes 
equation. A..B : C..L- 

vol. xxvii.— a. —1924. . _ .. . j.v, 



HKAT 


531 


1515. The Critical Constants of Various Gases. F. S. Pickering. 
(J- Phys. Chem. 28. pp. 97-124, Feb.. 1924.)—The literature referring to 
the critical constants of the more common gas is critically reviewed, and 
the following values of the respective constants chosen as probably the 
best values, reasons for the choice being given in each case. 


Gas. 

Critical Temperature. 

Critical Pressure. 

Critical Density. 

Acetylene . 

•C. Abs. 

309 ? 


If. per c.c. 

0-231 

Air . 

132-4 


fO-35 b 

Allylene . 

401 

- - 

10- 31c 

Ammonia. 

405-5 

112 

0-236 

Argon . 

150-7 

48-0 

0-52 

Butane (iso). 

406-8 ? 

36-5 ? 

— 

Butane(n) . 

426-3 ? 

35 -7 ? 

_ 

Carbon dioxide. 

304-1 

72-9 

0-460 

Carbon monoxide. 

134-4 

34 6 

0-311 

Chlorine. 

417 

76 

0-573 

Cyanogen . 

401-4 

59-7 

—. 

Ethane . 

305-2 

48-8 

0-21 

Ethyl chloride . 

456 ? 

54 ?. 

— 

Ethylene. 

282 6 

50-7 

— 

Helium. 

5-20 

2 26 

0-066 

Hydrogen . 

33-18 

12 8 

0-0310 

Hydrogen bromide .... 

363 5 > 

— 

— 

Hydrogen chloride .... 

324-5 

83 ? 

— 

Hydrogen iodide . 

423•9 ? 

— 

— 

Hydrogen sulphide ... 

373 5 

89 

— 

Krypton . 

210-6 ? 

54-3 ? 

— 

Methane... 

190-6 

45-7 

0-162 

Methyl chloride . 

416-2 

65-9 

0-37 ? 

Neon . 

44-7 

26-9 

— 

Nitric oxide. 

180 ? 

71 ? 

— 

Nitrogen . 

126-0 

33-5 

0-3110 

Nitrous oxide. 


71-7 

0-45 ? 

Oxygen . 


49-7 

0-430 

Ozone .. 


92-3 ? 

— 

Phosgene . 


_ 

— 

Propane .. 


45 

45-3? 

_ 

Propylene ... 

— 

Sulphur dioxide. 

430-3 

77-7 

- 0-52 ? 

Xenon . 

2£9-7 

58-2 

I 155 


J. S. G. T. 


1516. The Influence of the Neighbourhood of the Critical State of 
Miscibility on Volumes. N. Perrakls. (Comptes Rendus, 178. pp. 703-705. 
Feb. 18, 1924.)—The author has Carried out experiments on the variation 
in volume with molecular concentration of the systems (I) o-Cresol-ethyl 
alcohol, and (II) Di-phenyl oxide-ethyl alcohol. The observations were 
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made at a temperature of 30° C. and the results shown in the form 
of curves of the variation in volume for 1 mol.-gramme of the mixture 
against the molecular concentration. System I gave a curve parabolic 
in nature, but System II gave a curve which had a portion clearly recti¬ 
linear. The author suggests that this deformation of the curve is due to 
the neighbourhood of the critical state, and not due to the existence of 
chemical combination, as is stated by some authors. W. C. S. P. 

1517. Entropy in a Monatomic Perjcct Gas. E. Fermi. (Accad. 
Lined, Atti, 32. ii. pp. 395-398, Dec. 2, 1923.)—Revision of the work of 
Sackur [Abstract 463 (1913)], Tetrode [Abstract 1389 (1912)1, and Stem 
[Abstracts 1977 (1913) and 1446 (1920)], eliminating certain assumptions 
but confirming the result, viz. that 

f5 , • , (27mi)3/2/ f 5/2 { .5/2- ) 

Entropy = N k log, T - log,/> + log,-^-j 

where N is the number of atoms, h is Boltzmann's absolute constant, T 
is the absolute temperature, p is the pressure, m is the mass of the atoms, 
and h is Planck’s constant. A- D- 

1518. Comment on the Remarks of Berthelot Relative to the Paper by 

Bochet on the van der XVaals Law of Corresponding States. Bochet. 
(Comptes Rendus, 178. pp. 992-993, March 17, 1924.)—Berthelot con¬ 
sidered [Abstract 1232 (1924)1 that the author had incorrectly stated 
van der Waals' definition of the critical point as the point at which the 
corresponding isothermal has a point of inflection with a horizontal 
tangent. It is maintained that this is merely the geometric statement 
of the algebraic requirement that three roots of the equation should be 
equal. T B * 

1519. The Present Status of the Constants and Verification of the Laws 
of Thermal Radiation of a Uniformly Healed Enclosure. W. W. Coblentz. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 11-15, Jan., 1924.) 
—In a previous report [Abstract 279 (1921)] the experimental work on 
the determination of the radiation constants up to the year 1920 was 
reviewed and criticised. In the present report later determinations are 
considered. As regards the total radiation constant, after reviewing the 
work of Wachsmuth and Vierheller, and Hoffmann [Abstract 1866 (1923)] 
the author concludes that the new data substantiate the previous value 
for a, viz. 5-73 X 10“ 12 erg. cm.- 2 deg- 4 . 

The constant of spectral radiation is then considered. Recent work 
of Rubens and Michel [Abstracts 157 and 2307 (1922)] confirms the 
previous conclusion that Planck’s equation represents the energy dis¬ 
tribution of a black body in the spectrum extending from 0-5 p to 50 fi- 
No high accuracy is claimed by Michel for his value of C, viz. 
14,270 ± 0-IS %, his object being to prove Planck’s formula for a 
determined magnitude of AT. The average of the data summarised in 
the previous report gave a value for C of 14,320 micron degrees, which 
is practically the theoretical value and which the author considers should 
be retained. L ’ L ' 
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1520. Acoustic Problems of the Gramophone. H. L. Porter. (Phys. 

Soc., Proc. 36. pp. 129-131, Feb., 1924. Inst. HI. Eng., J. 62. pp. 273- 
274, March, 1924.)—The author (with P. Rothwell) has worked for some 
time on gramophone reproduction, and the investigators have decided 
that the gramophone is not. as it had been in the past, a question of 
improving the " soundbox ” (as the diaphragm and its housing is termed) 
independently of the recording horns, or of improving the recording 
horns independently of the soundbox, or of both independently of the 
room conditions. The combination, including the room, have to be 
considered as one acoustic system and treated as such. E. H. 13. 

1521. Auditorium Acoustics and the Loud-Speaker. G. A. Sutherland. 
(Phys. Soc., Proc. 36. pp. 142-148, Feb.. 1924. Inst. El. Eng., J. 62. 
pp. 280-283, March, 1924.)—Describes the theories of auditorium acoustics 
as developed by W. C. Sabine. Jager, and others, and illustrates the state 
of things in different auditoria and their bearing upon the problems of 
loud-speakers. A number of valuable graphs illustrate this lucid paper. 

E. H. 13. 

1522. Relative Importance of Each Frequency Region in the Audible 

Spectrum-Measurements on Loud-Speakers. E. K. Sandeman. (Phys. 
Soc., Proc. 36. pp. 132-138. Feb.. 1924. Inst. El. Eng., J. 62. pp. 275- 
278, March, 1924.)—The relative importance of each frequency in the 
audible spectrum depends on what function of hearing is to be served. 
Three essential characteristics of reproduction are important: (1) Intel¬ 
ligibility of speech, (2) naturalness of reproduction of music and speech. 
(3) reproduction of speech at correct volume. By the use of the Campbell 
electrical wave filters, the high frequencies or the low frequencies may be 
allowed to pass and the intelligibility and other functions of hearing 
tested. The results are shown by graphs, the apparatus being illustrated 
by a diagram. F.. H. B. 

1523. Tests of Auditory Acuity. C. C. Bunch. (Optical Soc. of 
America. J. and Rev. Sci. Inst. 7. pp. 1161-1166, Dec., 1923.)—Various 
types of electrical apparatus are rapidly replacing the tuning-forks as 
sources of sound for tests of auditory acuity because of the ease, accuracy, 
and constancy with which the results may be secured. The recent 
development and practical application of the vacuum tube has added 
impetus to work in this field. F. W. Kranz (Phys. Rev. p. 384. 1921), 
R. L. Wegel [Abstract 2118 (1922)]. J. P. Minton [Abstract 1348 (1922)]. 
C. E. Lane [Abstract 1889 (1922)] and others in the field of physics have 
made accurate determinations of the energy required for producing the 
minimum audible sound. J. Guttman (Laryngoscope, p. 829, 1922), 
also Hastings and Tucker (Proc. Roy. Soc. of Medicine. 1923) have 
attempted the adaptation of such results to diagnosis in clinical cases. 
In describing their results these writers assert correctly that by the 
adjustment of capacity and inductance in the electric circuit the complete 
range of audible tones may be produced. Inspection of the results shows, 
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however, that the measurements are usually confined to a few tones 
scattered over a considerable range. The tone “ gaps " and *' islands " 
demonstrated by Bezold are variable in both location and extent and 
are of considerable clinical significance. 

1 he determination of the acuity of hearing for all tones through a 
wide range of frequencies is made possible by means of a recently developed 
instrument known as the pitch range audiometer. The essential features 
of this audiometer are a variable frequency alternating-current generator 
connected through a series of resistances to a telephone receiver. Acces¬ 
sory parts are a variable-speed driving motor with its controlling rheostat, 
and an electric tachometer which indicates the generator speed in vibrations 
per seconds. The author believes that tone quality is pure enough for 
the functional tests of hearing. Graphs are given of the fields of hearing 
as found by this audiometer for two cases, one with normal hearing and 
one with injured cars and suppuration. The paper closes with a valuable 
list of articles on this subject. E. H. B. 

1524. I.ow-Hilger Audiometer. (Engineering. 117. pp. 108-109, 

Jan. 25, 1924.)—In the investigation of many acoustical problems useful 
information may be obtained by analyses of the form and amplitude of 
the sound waves in air. For this purpose the audiometer here described 
is now available. It not only permits the form of sound waves to be 
examined visually, but also gives a permanent photographic record if 
desired. The instrument, which was formerly known as the Hilger optical 
sonometer, is made by the Hilger firm for the Low Engineering Co., who 
have made considerable use of it in testing the noises arising from 
machinery, with a view to their reduction. The form of construction 
is shown by a photographic view and a section. A 30-candlc-power 
pointolite lamp is used and the wave pattern obtained may be seen on 
a screen or received and photographed on a film carried on a drum actuated 
by a gramophone motor. The sound is concentrated by a horn upon a 
diaphragm, which may be made of rubber or other materials, but is usually 
an extremely thin film of celluloid, mounted on a stout metal ring. Those 
for speech sounds have a thickness of about 2 fifi. A small portion of 
the surface of the diaphragm, on one side of the centre, is rendered reflecting 
by a kathodic deposit of platinum. This forms the mirror to reflect the 
light from the lamp to the screen or film. To avoid the detrimental 
effects of resonance, diaphragms are supplied of frequencies ranging from 
80 to 3000 per second. The article contains a number of vibrational 
records. • • E. H. B. 

1525. Acoustic Wave Filters : Attenuation and Phase Factors. G. W. 
Stewart. (Phys. Rev. 23. pp. 520-524, April, 1924 .)—Theoretical 
Discussion .—The ratio of the rate of volume displacements in successive 
sections e Y is equal to e~* e~*+ where a is the attenuation constant and 
t/t the decrease in phase from section to section. If Z j and Z 2 are the 
impedances in the conduit and branch respectively, it is shown that in 
the region of no attenuation, cos <f> = 1 + iZj/Z^ and <f> changes from 
0 to 7r, while in the attenuated region <f> is either 0 or 7r and cosh a 
— 1(1 4* iZ 1 /Z 2 )|, becoming infinite for the natural frequency of the 
side branch, while tf> passes discontinuously from 0 to 7r or 7r to 0. Experi¬ 
mental Values of Phase Change <f >.—Sound from various points along the 
filter was transmitted to one ear and the relative phase was determined 
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from the apparent direction of the phantom source. For a low-pass 
filter the values of the total change per section agree well with the theory, 
except that the change occurs gradually instead of suddenly, but agree¬ 
ment was not found in the cases of the other two types. Author. 

1526. Predicted Transmission Curves of Acoustic Wave Tillers. H. B. 
Peacock. (Phys. Rev. 23. pp. 525-527, April. 1924.)—Using the experi¬ 
mental procedure of G. W. Stewart [see preceding abstract), the energy 
transmitted as a function of the frequency was determined for a low- 
frequency-pass, a high-frequency-pass, and a single-band-pass filter. 
Corrected for dissipation, the results agree well with the theoretical curves 
computed from Stewart's equation for a filter of n sections 1J1 0 «= 
where a, the attenuation factor, is computed from the impedances. 

Author. 

1527. Helmholtz Theories of Struck String. Part I. Theoretical. 
W. H. George. (Phil. Mag. 47. pp. 591-602, March, 1924.)—The problem 
of the struck string has been theoretically treated by two methods. First: 
Helmholtz, Delemer, and Lamb have each assumed some special form for 
the function expressing the pressure between the hammer and the string 
during the time of contact. Proceeding from these pressure-time laws 
and using some additional assumptions, each of these writers obtains 
finally an expression giving the intensities of the partials of the vibrating 
string. None of these treatments by this first method appears to have 
been subjected to quantitative experimental tests. The second method of 
treatment is that due to Kaufmann [Wied. Ann. liv. pp. 675-712 (1895)], 
who considered the problem of the impact of a massive unyielding particle 
on the string. He gave a rigorous treatment for a string of infinite length 
and also for a finite string struck at the middle (with the limitation, in 
this second case, that the time of contact of hammer and string is not 
greater than the fundamental free period of the string). Kaufmann also 
treated the case of a string struck near one end by neglecting the vibrations 
of the shorter piece of string during the impact, and obtained an approxi¬ 
mate solution for the case in which the ratio of time of contact to free 
period is not greater than that of distance of struck point from further 
bridge to length of string. P. Das (1921) has repeated this work, taking 
into account the vibrations of the shorter piece of string, but retaining 
the limitation as to time of contact. Kaufmann gave no treatment for 
a string struck at one-third its length from an end. Raman and B. 
Banerji (1920) have extended Kaufmann's work by regarding the motion 
during impact as that of a loaded string to which Rayleigh’s well-known 
treatment might be applied. 

In this first part by the present author the Helmholtz theory for the 
hard hammer is considered in detail, and is shown to be in conflict with 
experimental evidence so far available. The Helmholtz theory for the 
elastic hammer is next considered, but with the omission of two assumptions 
which caused Kaufmann to reject the theory. Expressions arc found for 
quantities whose magnitude can be determined from photographically 
obtained displacement-time curves of the struck point. Expressions for 
the same quantities are derived from Kaufmann’s theory of the string 
struck at the middle or near one end. Thus the way is paved for the 
comparison of these theories with experiment, this being reserved for the 
second part of the work to be published shortly. The paper is illustrated 
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by g ra phs and photographic reproductions [see Abstract 737 (1920) and 
1674 (1922)]. E H B 

1528. Nature of Language: Physics of Speech and Hearing. R. L. 

Jones. (Am. I.E.E., J. 43. pp. 321-328. April. 1924.)-Human speech 
employs frequencies from 60 to above 6000 per second, a range of about 
six octaves. The ear can perceive sound waves ranging in pressure 
amplitude from less than one-thousandth of a dyne (per sq. cm.) to over 
one thousand dynes and in frequency of vibration from about twenty 
to about twenty thousand per second, a range of about ten octaves. The 
intensities and frequencies used most in conversation are those situated 
in the central part of the area of audition. The energy of speech is carried 
largely by frequencies below a thousand per second, but the characteristics 
which make it intelligible, largely by frequencies above a thousand. 
I'nder quiet conditions good understanding is possible with undistorted 
speech having an intensity anywhere from one hundred times greater, 
to a million times less than that at exit from the mouth. On the whole, 
the sounds, th, f. s.and v arc hardest to hear correctly ; and they account 
for over half the mistakes made in interpretation. Failure to perceive 
them correctly is principally due to their very weak energy, but it is also 
to be noted that they have important components of very high frequency. 
A number of important graphs are included in the paper. E. H. B. 

1529. Speeds of Sound in Gases and Vapours and Ratios of Specific 
Heats. H. B. Dixon and G. Greenwood. (Roy. Soc., Proc. 105. 
pp. 199-220. Feb. 1, 1924.)—The experiments here described were made 
in continuation of those carried out by Dixon. Campbell, and Parke* 
[Abstract 605 (1922)]. The object was to determine the speeds of sound 
in the vapours of the low-boiling inflammable liquids ether, methyl and 
ethyl alcohols, pentane, hexane, and benzene, and incondensable gases 
such as ethylene and ammonia. 

The speeds of sound were measured directly by timing the passage of 
a sound wave between the two ends of a coiled lead pipe 25 mm. internal 
diameter containing the vapour or gas under test and brought to the 
temperature desired by means of an adjusted water bath. The chief 
results are as follows: 


Substance. 

Temperature. 

Speed of Sound. 

Ratio of Specific 
Heat*. 

1 » ! ' L 

•c. 

m./*ee. 


Dry air. 

Ether . 

20 

80 

339-5 

201-8 

1-086 

Pentane . 

86 

206-1 

1-086 

Hexane . 


184-2 

1-080 

Ethyl alcohol . 

Methyl alcohol. 

90 

77 

266-0 

322-8 

1-129 

1-203 

Benzene . 

90 

199-25 

1097 


E. H. B. 


. * 

, I * a . __ | -j. 
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ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 

ELECTRICITY. 

1530. Electric Field of the Electrolytic Cell. A. A. Ahmed. (Inst. El. 

Eng.. J. 62. pp. 301-317. April, 1924.)—The type of cell studied is one 
having plane parallel electrodes. Considering the case of two-dimensional 
flow, and using the method of conformal representation, the author applies 
Christoffel and Schwarz's transformation to determine the distribution 
of electric intensity over the surface of either plane electrode. The results 
obtained are verified experimentally by the use of two exploring wire 
electrodes (spaced 1 cm. apart) connected to an electrometer, the electro¬ 
lyte being copper sulphate. The following method of determining the 
current-density at any point of an electrolyte is described : the exploring 
electrodes having been so placed that the line joining them is coincident 
with a stream-line (corresponding to maximum reading of electrometer), 
a current from an auxiliary source is passed between the electrodes so 
as to oppose the current flowing in the electrolyte, the auxiliary current 
being adjusted until the p.d. between the exploring electrodes is reduced 
to zero ; the auxiliary current is then proportional to the current-density. 
The experimental results show that stream-lines of current flow are coin¬ 
cident with lines of electric intensity—so that problems in electrostatics 
arc capable of being replaced by equivalent problems in electrolytic 
conduction. The paper concludes with a calculation of the conductance 
of a cell with plane parallel electrodes. A. H. 

1531. Atmospheric Pollution and Potential Gradient, Kew. C. Chree 

and R. E. Watson. (Roy. Soc., Proc. 105. pp. 311-333. March 1. 1924.)— 
The observations suggest that atmospheric pollution exerts a considerable 
influence on the phenomena of atmospheric electricity. The results 
obtained are tabulated and discussed in detail, together with the meaning 
of the pollution tests, and the influences exerted by the position of the 
Owen’s apparatus, and of meteorological conditions at the time of observa¬ 
tion. The question of the utility of Kew observations on atmospheric 
electricity is also discussed, and the conclusion is reached that it would 
be a mistake to discontinue the Kew observations ; but the suggestion 
is made that it would be advantageous to compare Kew and Greenwich, 
on opposite sides of London, and to have a station in some part of South 
England, where the air is as pure as possible. W. A. R. 

1532. Observations of Earth Potential Gradients at Ebro. S. Chapman 
and T. T. Whitehead. (Terrest. Magn. 28. pp. 126-128. Dec., 1923.)— 
In an earlier paper [see Abstract 2329 (1922)J the diurnal variation of the 
electric potential gradient within the earth, to be expected from the 
magnetic variations, was worked out and compared with actual obser¬ 
vations made by Weinstein at Berlin. Fair agreement of type of varia¬ 
tion was obtained, but amplitudes could not be compared. Weinstein’s 
unit being unknown. L. A. Bauer’s discussion of recent earth-current 
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observations at Ebro [Abstract 121 (1923)] has provided opportunity 
for further work in this direction. The type of variation is again in 
approximate agreement, but the amplitude of the observed variation of 
earth potential gradients at Ebro is five or six times that expected from 
the magnetic variations. The discrepancy is. as yet. unexplained, but 
note is made of certain other peculiarities of the Ebro results, which are 
difficult to account for. in particular the surprisingly high values of the 
average earth potential gradients and their surprising variability from 
month to month. MAG 

1533. Atmospheric-Electric Observations during the Total Solar Eclipse of 

September 10,1923. H. F. Johnston. (Terrcst. Magn. 29. pp. 13-22. March, 
1924. Paper read before the Phil. Soc. Washington. March, 1924.)—The De¬ 
partment of Terrestrial Magnetism made observations of potential gradient, 
positive conductivity, and negative conductivity at Point Loma near San 
Diego, California, on September 10. 1923, as well as control observations 
on the four preceding and following days. Improved bifilar electrometers, 
which gave dependable determinations of potential, were used. Potential 
gradient was observed both by eye-readings and by continuous photo¬ 
graphic registration. Conductivity was observed simultaneously with 
two Gerdien conductivity apparatuses. Meteorological conditions were 
very steady for the day of the eclipse ; there was a total range of 2° 5 
centigrade in temperature. 9 per cent, in relative humidity, and 0 02 
inches in barometric pressure. During the 20 minutes following totality, 
the temperature decreased 0°-8 centigrade, and the relative humidity 
increased 3 per cent. The sky was completely overcast with fog which 
extended above 17.000 feet. It was found that the potential gradient 
for about half an hour immediately following totality was about 15 per 
cent, subnormal. The electrical conductivity of the air and the air-earth 
current-density increased about 10 per cent, above normal during the 
10-minute period following totality. There was a greater increase in the 
negative conductivity than in the positive conductivity of the order of 
15 per cent. Author. 

1534. Correlations between Solar Activity and Atmospheric Electricity. 

L. A. Bauer. (Terrest. Magn. 29. pp. 23-32, March, 1924).—The question 
is revived whether atmospheric electricity is in any way dependent upon 
solar activity. The present investigation is based chiefly upon the . 
accumulated data for electrically quiet days pertaining to the atmospheric 
potential-gradient and its diurnal and annual variations. It is found 
that during the past two sun-spot cycles (1901-1923), the atmospheric 
potential-gradient and the amplitudes of the diurnal variation and of the 
annual variation generally increased with increased sun-spot frequency \ 
the increase in the particular electric element considered is about 20 to 
35 per cent., on the average, for a change of 100 in the sun-spot number. 
The correlation coefficient, on the average, is about 0-75. If reliance 
can be placed on older series of atmospheric-electric observations, made 
prior to 1901, then there are indications that during two periods, centring 
about 1855 and 1889, the reversed relationship applied, namely, that 
increased atmospheric potential-gradient and increased amplitudes of 
diurnal and annual variation were associated with decreased sun-spot 
frequency. 

- An interesting correlation is exhibited by the atmospheric-electric afltf 
VOL. XXVII.—A. —1924. AL”l - . .107 


ELECTRICITY AND MAGNETISM. 


539 

magnetic data for 1893, which unite in showing a decrease in the electric 
and in the magnetic activity at the time of maximum sun-spot frequency. 
There is thus an indication that the usual measures of solar activity arc 
not always an adequate measure of such solar radiations and emanations 
as may affect the electricity of the atmosphere and the magnetic field 
of the earth. [See also Abstract 2117 (1923).] Author. 

DISCHARGE AND OSCILLATIONS. 

1535. Ions from Hot Salts. O. Gossmann. (Zeits. f. Physik, 22. 4. 
pp. 273-274, 1924.)—Observations on a large number of salts extending 
those of Schmidt and Walter [Abstract 627 (1924)]. Positive ions begin 
to be given off at some 30° lower on nickel than on platinum. A. D. 

1536. Measurement of Ionisation Currents. R. Kegerreis. (Optical 

Soc. of America, J. and Rev. Sci. Inst. 7. pp. 1245-1251, Dec., 1923.)— 
Formulates a method for eliminating leakage, inductive interference, and 
currents due to infiltration. The apparatus is sheltered by a conducting 
sheath, and insulations and cross-conductors arc introduced. A. D. 

1537. Life of Metastable Helium. F. M. Kannenstine. (Astro- 
phys. J. 69. pp. 133-141, April, 1924.)— Dependence of Critical 4 8-Volt 
Striking Frequency on Pressure. —The critical 4-8-volt striking frequency 
for alternating helium arcs was obtained under improved experimental 
conditions for pressures from 0-15 mm. to 10 mm. The critical frequency 
decreased rapidly from 260 cycles per second at 0*15 mm. pressure to 
120 cycles at 0-75 mm., more slowly to 70 cycles at 2 mm., and remained 
practically constant at 70 cycles to 10 mm. The critical frequency 
increased very slightly as the arc-length decreased from 30 mm. to 10 mm. 
for pressures below 3-6 mm., but was practically independent of the arc- 
length used for pressures above 3-5 mm. and up to 10 mm. 

Interpretation of Results on the Concept of a Long-Lived Abnormal 
Helium Atom. —The constancy of the critical frequency over a large 
range of pre^ures and arc-lengths is more naturally interpreted on the 
concept of a long-lived, abnormal atom than on ideas which suggest a 
Strong dependence on pressure such as the handing on of radiation or 
the imprisonment of radiation as suggested by F. Horton and Ann C. 
Davies, and by K. T. Compton. The departure from constancy at low 
pressures may be interpreted as due to such rapid diffusion of abnormal 
atoms from the arc space that higher frequencies are necessary to obtain 
an indication of striking. Author. 

1538. Determining Factors in the Life of Metastable Helium. A. J. 
Dempster. (Astrophys. J. 69. pp. 143-147, April, 1924.)—The experi¬ 
ments of Kannenstine on the life of metastable helium are compared 
with a theory in which the effects of impurities and diffusion are treated 
mathematically. If the impurity has a constant partial pressure of 
1*8 X 10millimetres of mercury and the diffusion coefficient for the 
metastable atoms is one-third of that given by the kinetic theory of gases 
for normal helium, agreement is found on the idea that collisions with the 
wall cause the metastable state to revert to the normal at once. The 
dependence of frequency on pressure deduced from a theory of radiation 
diffusion is found not to agree as well as that based on the idea of a meta- 
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stable state of the atom which persists until destroyed by a collision with 
an impurity or with the walls. Author 

1539. Ionisation by Collision in Helium. J. S. Townsend and T. L. R 

Ayres. (Phil. Mag. 47. pp. 401-415. Feb.. 1924.)-The helium is in 
a vessel between two silver plates, between which a difference of potential 
is maintained. Ultra-violet light falls on the negative plate and the 
current between the two plates is measured for various values of potential 
difference, gas pressure, etc. The results suggest that some of the recent 
views of ionisation are erroneous. Everything points to the fact that 
the ionisation is merely due to collisions between the electrons liberated 
by the light and molecules. There is nothing to suggest ionisation by 
collision with positive ions, or to electrons set free from the negative 
plate, either by impacts of positive ions or by radiation from molecules 
of the gas. The results also differ from those to be anticipated on the 
basis of the quantum theory applied to this case. The statements fre¬ 
quently made as to the loss of energy of electrons in amounts corresponding 
to resonance potentials are inconsistent with these experiments and 
similar experiments made with other gases. A. A. D. 

1540. Impact Effects in Nitrogen and Nitric Oxide. C. B. Bazzonl 
and A. T. Waldie. (Frank. Inst.. J. 197. pp. 57-72, Jan., 1924.)—A 
brief survey is given of the difficulties associated with the study of complex 
or chemically active gases by impact methods and details of experiments 
are described from which it is concluded that NO at low pressures is not 
broken down by ultra-violet light or by heat radiation, but that hot 
metals produce a dissociation and subsequent elimination of the O, leaving, 
essentially. N. It is demonstrated that the virtual free path of electrons 
in N must be several times that predicted by the kinetic theory. It 
arises, incidentally, that the dimensions of the apparatus (grid distance) 
determine the appearance of the higher critical points of N. Evidence 
is presented for the suggestion that the 8-volt resonance point and the 
17-volt ionisation point are characteristic of the atom, while the higher 
points, specifically the 24-volt point, are connected with the ionisation 
of the molecule. Attention is drawn to the important prfrt played by 
the electrodes and gas and metal films in catalysing dissociations and 
other reactions in experimental devices of the type employed. A. B. C. L. 

1541. Ionisation of Salt Vapours. V. Kondratjeff and N. Semenoff. 

(Zeits. f. Physik. 22. 1-2. pp. 1-8, 1924.)—The method developed by 
Smyth (see Abstract No. 2241 (1923)] for measuring the ionisation 
potential and mass of the ions in vapours of salts is employed for the 
investigation of HgCl 2 and Hgl 2 vapours. It is found that univalent 
halogen ions are produced above a critical potential of about 11 volts, 
which indicates a process similar to electrolytic dissociation. The analysis 
of the positive ions produced shows the existence of ions such as HgI 2 + » 
Hgl+, I + , Hg+, Hg ++ . It follows, therefore, that other types of 
dissociation must be taking place in addition to the simple case quoted 
above. B. W. C. 

1542. Effect of Heat Treatment on the Photoelectric Emission from 
Platinum. F. G. Tucker. (Phys. Rev. 22. pp. 574-581, Dec., 1923.)— 
The investigation is undertaken with a view to obtaining additional evidence 
of the nature of photo-electrons, by means of the study of the temperature 
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variation of the photoelectric threshold or long wave-length limit (A„) 
of platinum denuded of gases by glowing at high temperatures. A thin 
Pt foil is mounted between heavy leads inside a Faraday cylinder in a 
Pyrex tube with a quartz window. A„ is determined by plotting current 
per unit light intensity against wave-length of the Hg-arc line used, and 
is found to vary with previous heat treatment. After 8 hours at 900° C. 
the foil gives a value about 2700 A., and after 4 to 5 hours at bright yellow 
heat A 0 drops to 2475 A. Immediately after 2 hours' heating to over 
1400° C. the emission from the suddenly cooled foil is found to be zero, 
even under the influence of the full radiation of the Hg arc. but after 5 
minutes photo-emission begins, increasing rapidly at first and then more 
slowly. It is deduced that A 0 for pure gas-free Pt must be below 1849 A. 
and that the effects ordinarily observed must be due to a gas film or some 
other surface film. After moderate heat treatment of the foil A 0 is the 
same at 600° as at 20°. indicating that the film responsible for the emission 
is unchanged and that the threshold under these conditions does not 
depend on the kinetic energy of the free electrons in the foil. A. B. C. L. 

1543. Radiation from Oxides Emitting Kathode Rays. K. Teucke. 

(Phys. Zeits. 25. pp. 115-119, March I. 1924.)—The luminous (ultra-violet, 
to infra-red) radiation emitted from an incandescent oxide-coated metallic 
filament when emitting an intense stream of kathode rays is proved by 
several methods to be entirely a temperature effect, A. B. W. 

1544. Thermodynamics of Electron Etmsston. O. W. Richardson. 
(Roy. Soc.. Proc. 105. pp. 387-405. April 1. 1924.)—This paper deals with 
some applications of thermodynamics to the electron atmospheres in 
equilibrium with matter. The treatment is a development of earlier 
papers [see Abstract 926(1912)) and the former ground is traversed again 
to a certain extent. This has become especially desirable because recent 
improvements in technique are enabling some of the finer points of the 
theory to be tested by experiment. In the discussion the author keeps 
throughout to electron atmospheres which are so attenuated that the 
forces exerted by the electrons on each other are quite negligible. For 
the theory of the complications which arise when this condition is not 
satisfied, v. Laue's work should be consulted. The first topic considered 
is that of thermionic emission at melting and transition points, and a 
number of relations are found between the quantities which fundamentally 
underlie thermic phenomena. These relations do not prescribe any 
very severe restrictions as to the kind of occurrences which may take 
place, for example, at transition points. If there is no change in the 
saturation current at a transition point, there will be zero contact potential 
difference between the two phases. The current may be either continuous 
or discontinuous at a transition point and the constants A and b in the 
equation t = AT*«-Vr change in various ways. The next topic is the 
universal constant C [Abstract 1451 (1916)), which is now restricted to 
metallic substances that conduct electricity at T = 0. In the section 
on metallic conductors it is concluded definitely in favour of the type 
of theory which makes the kinetic energy of the conducting electrons 
in metals independent of temperature as opposed to the requirements of 
the classical theory. Finally the temperature variation of the latent 
heat of evaporation (per electron) and associated questions are discussed. 

H. H. Ho. 
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1545. The Modification of the Thermionic Current in Vacuum Tubes 
when Potassium Deposited on the Inside Walls or Grid of the Tube is Illumi¬ 
nated. J. M. Hyatt. (Phys. Rev. 23. pp. 501-506. April, 1924.)—When 
a floating grid mounted between a plate and filament in a spherical tube 
is coated with potassium and illuminated, it loses a negative charge and 
produces a considerable increase in the plate current, equivalent to that 
due to maintaining the unilluminated grid at a positive potential of a 
fgw volts relative to the filament. In the case of a long tube with a con¬ 
stricted cylindrical portion between the plate and filament ends, an 
illuminated coating of potassium on the walls reduces the tendency of 
the walls to charge negatively and hence facilitates the passage of the 
current through the tube. As the filament current is increased for a 
given plate voltage the current reaches a maximum, then suddenly drops 
to a minimum, due to the combined action of space charge and photo¬ 
electric emission. Author. 


1546. The Physical Process in a Mercury-Vapour Rectifier. A. 
GUnther-Schulze. (Zeits. techn. Physik, 5. 2. pp. 33-39, 1924. From 
the Reichsanstalt.)—Electric valves for rectifying alternating current 
are briefly discussed and then the matter is dealt with under the following 
heads : (a) In the direction of transmission, (6) not in the direction of 
transmission. In section (a) the following points are considered in 
detail: (1) The process at the kathode. (2) the process in the gas tract, 
(3) the process at the anode. The effects on the loss of tension produced 
by the introduction of foreign gases, such as S0 2 , 0 2 . H 2 , N 2 , C0 2 , Ar, 
are shown graphically, and photographs of the appearance of the light 
arc under different conditions arc also given. A. E. G. 


1547. Normal Gradient in Gases. A. Giinther-Schulze. (Zeits. 

f. Physik, 22. 1-2. pp. 70-97, 1924. From the Reichsanstalt.)—In 
Geissler. or arc discharges, a certain potential-slope or normal gradient 
is requisite in order to enable the electrons and kations to travel. When 
the walls are so distant as to be without influence, this normal gradient 
is a constant, characteristic of the particular gas. A. D. 

1548. On the Kathado Luminescence of Solid Solutions of Forty-Two 
Metals. T. Tanaka. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. 
pp. 287-318, Feb., 1924.)—The number of solids whose luminescence can 
be explained by assuming an activating metal in solid solution has been so 
widely extended that there remain, at least for inorganic substances, only 
a few exceptions, such as the uranyl salts, platino-cyanidcs, etc. Prior to 
the investigations of Nichols, the work had been mainly qualitative, but 
the above-named showed by means of a spectro-photometer that eac 
broad luminescence band could be resolved into several series of component 
bands with systematic inter-relations. The same method is now appl'^ 
to the study of solid solutions of a large number of metals. The method of 
excitation adopted was by kathode rays obtained in a vacuum tube carrying 
currents of about 9-4 milliampere. The discharge potential, measured 
with a spark-gap voltmeter, was about 4000 volts. Full experimenta 
details are included in Section I of the paper. .In Section II solid solutions 
with manganese and with copper as their active substances are investi¬ 
gated, these being the sulphate, carbonate, and phosphate of calcium, the 
sulphates of zinc and magnesium, and ammonium alum. All the solid 
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solutions with manganese or copper as their active metals show lumi¬ 
nescence spectra which can be resolved into series of component bands 
characteristic of manganese or copper generally. The solvents determine 
the position of maximum brightness, and. in a few cases produce a slight 
modification in the positions of the bands. Section III deals with the 
sulphides of Lenard and Klatt, the kathodo-luminescence spectra of 
27 samples having been studied. Just as in electrolytes, whatever bases 
ihay be used, dissolved active metals show their characteristics. For each 
active metal there are characteristic series of constant frequency interval. 
Series of this kind were determined for copper and manganese and arc the 
same as those found for these metals in Section II. Series were likewise 
established for lead, bismuth, silver, and antimony which had not been 
previously investigated. In a few cases anomalous series were found 
which can be obtained from the normal series for the metal in question, by 
the addition of a small constant amount to each member. The base seems 
to determine the colour of the luminescence, but the flux has no important 
effect. Except in the case of zinc, no indication of impurities could be 
found. Section IV deals with the solid solutions of 36 other metals. 
Section V considers relations to the atomic weight. When about ten 
active substances had been studied, it was unexpectedly found that a 
smooth curve could be drawn by plotting the mean value of the charac¬ 
teristic intervals of each active metal as the ordinate against the atomic 
weight of the metal as abscissa. 

In all 129 solid solutions with 42 metals as active agents have been 
examined. Whatever bases are used, each dissolved metal shows its 
characteristic luminescence even if faintly. Each luminescence spectrum 
is composed of several scries of overlapping bands, each series spaced 
equally in frequency units. Each metal has in most cases two. but some¬ 
times four, rarely one or three, series characteristic of it. and there exist 
two characteristic frequency intervals different or coincident which are 
totally independent of the properties of solvents. The average of these 
two intervals decreases quite regularly with the increase of the atomic 
weight. High luminescent powers Arc exhibited by the active metals of 
JL^nard and Klatt’s sulphides and by gallium, praseodymium, samarium, 
dysprosium, erbium. The paper includes 42 tables of data. H. H. Ho. 

1549. Potential Distribution between Parallel Plane Electrodes. T. C. 
Fry (Phys. Rev. 22. pp. 445-446. Nov.. 1923.)—The objections raised 
by Langmuir [see Abstract 1650 (1923)] to the results previously given 
by the author [see Abstract 1145 (1921)] were due to a misunderstanding 
of the meaning of the symbol V 0 . which is here explained in greater detail. 
Some typographical errors are also pointed out. Author. 

, \ 550 * E }“lrical Strength of the Air between Plate Electrodes. H. Zipp. 

(Archiv f. Elektrot. 12. pp. 608-609, Feb. 29. 1924.)—Referring to the 
° f W ' °' Schumann or * th * author's paper on this subject [Abstract 
951 (1924)] the latter explains that the field divergences appearing even 
in the middle of condenser plates of limited dimensions, which he commented 
upon, were not founded so much on the effect of the edges of the field as 
Schumann assumes but much more on the fact that the lines of force, 
produced in a given condenser arrangement must so arrange themselves 
that the dielectric resistance possesses the smallest possible value. The 
consideration of the divergences in the case of the small circular plates in 
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the arrangement used by Schumann call for correction factors which lie 
between 1 0265 and 1-117. The mean value E max . = 30,200V/cm. calcu¬ 
lated by the author on the basis of theoretically determined correction 
factors agrees so strikingly with the mean value E max = 30,580 V/cm. 
found by Schumann from the results of measurement that he cannot 
believe it to be a coincidence. . J. J. S. 

1551. Electric Strength of the Air between Plate Electrodes. W. O. 

Schumann. (Archiv f. Elektrot. 12. p. 610, Feb. 29. 1924.)—Commenting 
on the criticism by H. Zipp of his former paper [see preceding abstract], 
the author says that when he mentioned the effect of the edges which could 
influence the field in the middle of the plane condenser he meant to include 
therewith all influences which were produced by the circumscribed con¬ 
dition of the electrodes. The correction factor of 1-02 given by the author 
may be considered as the upper limit of a possible error. J. J. S. 

1552. Initial Discharge Voltage and Breakdown Field Intensity of 

Spherical Electrodes. A. Klemm. (Archiv f. Elektrot. 12. pp. 553-592. 
Feb. 29. 1924.)—A very exhaustive experimental investigation, using 
pairs of equal spheres of different radii from 0-6315 cm. to 3*145 cm. and 
also the same spheres with a plane plate. In some of the measurements 
with two spheres the voltage distribution was symmetrical, in another 
set one pole was earthed ; unidirectional voltage was employed through# 
out.' Two specially constructed high-tension voltmeters arc described, 
one of which could be calibrated by using alternating voltages, produced 
by a step-up transformer. The breakdown field intensity in air was deter¬ 
mined from the measurements, using W. O. Schumann’s tables and formulas; 
the values obtained for each pair of spheres in kilovolts per cm. were plotted 
as ordinates against the values of 8/r. where 8 is the sparking distance, 
and r is the radius of the spheres ; separate curves arc shown for sym¬ 
metrical voltage distribution, and for one pole earthed, with additional 
curves for sparking between sphere and plane. All the curves show the 
same general form, with high breakdown field intensity for small 8/r, 
falling to a minimum value as 8/r increases, rising again and then bending 
over towards the horizontal as 8/r goes on increasing. This minimum 
field intensity, and the value of 8/r at which it occurs, diminish at first 
rapidly, then gradually and almost linearly as the radius of the spheres 
increases. According to the simple theory the measurements with two 
spheres should be comparable with those with sphere and plate, so that, 
if S t = 28 p, U, = 2U p and E, = E^,.where 8 5 is the sparking distance 
for the spheres, 8^ for sphere and plate, U, the voltage at which discharge 
commences for the spheres. V p for sphere and plate, and E, and Ep arc 
the respective field intensities ; but this is not the case, and the sphere- 
plate experiments give higher values of U and E than the above. ( M 
the experimental minimum field intensities are compared with Schumann’s 
theoretical values, approximate agreement is found in the case sphere- 
plate ; but for two spheres the experimental values are higher than the 
theoretical, in the latter case the experimental* values coincide approxi¬ 
mately with the theoretical curve for the limiting value of the field intensity. 
JFor other conclusions drawn from the observations the original paper „ 
Should be consulted. [See also the following abstract.] H. N. A, 

1553. The Minimum Breakdown Field Intensity with Spherical Elec¬ 
trodes. W. O. Schumann. (Archiv f. Elektrot. 12. pp. 593-608, Feb. 
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29, 1924.)—The results of A. Klcmm [see preceding abstract] are discussed, 
with relation to the theory of the author s book " Elcktrische Durchbruch- 
feldstarke von Gasen ” ; and it is shown that, assuming that the carriers 
of electricity consist of positive ions and electrons, there arc certain differ¬ 
ences between the curves, which arc much greater than the possible 
experimental errors. It is necessary to consider the effect of the union of 
electrons with the gas molecules, forming molecular ions, the breaking up 
of these into molecules and ions, and the ionisation produced by collisions 
of the negative molecular ions with ordinary gas molecules. A very long 
and complicated equation is built up. giving the relations between the 
different quantities involved, and showing when the current becomes 
theoretically infinite, i.e. when sparking takes place. Simplified cases 
are worked out from this ; in the first no union of electrons is supposed to 
take place, in the second union takes place, but no ionisation is produced 
by the negative molecular ions, and they do not lose their electrons. 
Suggestions are made for separating the effects of the various changes, by 
varying pressure, temperature field intensity and sparking distance. So 
far the corresponding curves have not been experimentally determined. 
In the general expression obtained none of the magnitudes are simple 
functions of the field intensity, and it cannot be expected that the field 
intensity at breakdown will be independent of the sparking distance, as 
has sometimes been assumed. Cases can be imagined where the field 
intensity increases with the sparking distance, or where it passes 
throhgh a minimum. Experiment shows diminution in some gases, 
increase in others. An increase is essentially connected with the fact 
that the ionising action decreases and docs not increase when the field 
intensity increases. It is possible that in certain gases, in certain ranges, 
the union of electrons € grows more quickly than the ionisation a ; par¬ 
ticularly when at the same time the breaking up of the molecular ions 
k diminishes. H. N. A. 

1554. Use of Braun Tube to Demonstrate the Detector Action of a Triode. 

W. Schmitz. (Zeits. techn. Physik., 5. 3. pp. 94-96, 1924.)—A circuit 
diagram and description is given of an arrangement by means of which the 
action of a triode as a detector may be demonstrated. One coil influencing 
the Braun tube is included in the anode circuit, and a second, at right 
angles to the first, is included in a circuit tapped off the 50-cycle a.c. source 
which is used to affect the valve. The circuit including the second coil 
contains a choking coil in series with a non-inductive resistance, so that 
the phase can be adjusted within certain limits, and in this way the Braun 
tube can be made to give a stationary figure. Typical curves are 
reproduced. • A. W. 

1555. Production of .Undamped Electric Oscillations of Small Frequencies. 
R. Pohl. (Zeits. f. Physik. 22. 5. pp. 303-304. 1924.)—This is an ordinary 
capacity inductance circuit with a frequency of about 1 second. Ordi¬ 
narily such a system is heavily damped. Here, however, the pointer of the 
ammeter in the circuit is used to actuate a relay controlling the charging 
voltage. If the period of the needle corresponds with that of the con¬ 
denser the system becomes self-acting, giving continuous vibrations. 

A. A. D. 

1556. The Change-over from Short Electric to Tong Heat Waves. M. 
Lewitsky. (Phys. Zeits. 25. pp. 107-109, March 1, 1924.)—The interval 
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between short electric waves and the waves, which with the means at 
present in use, have been considered as pure heat waves, has been con¬ 
siderably diminished by the researches of v. Baeyer and Rubens [see 
Abstract 866 (1911)] and of v. Baeyer. However, no method has yet 
been described which has shown a direct passage of the former to the latter 
or vice versa. In the present preliminary communication experiments 
are described in which the method of electric generation is employed and 
by resonance in a suitable medium the shortest electric waves are shown 
as heat waves. A. E. G. 


1557. Stability of the Periodic States of theTriode Oscillator. W. M. H. 
Greaves. (Cambridge Phil. Soc., Proc. 22. pp. 16-23, Feb., 1924.)— 
Periodic solutions of the equation drv/dt* + f(v)dv/dt -f- wht = 0, where 
f(v) is a power series in t\ have been developed by Appleton and the present 
author in a previous paper (Abstract 1202 (1923)). The present paper is 
concerned with the stability of these periodic solutions. The criterion 
of stability obtained is the same as that already given by Appleton and 
van dcr Pol, but the method used possesses the advantage of showing 
that in the neighbourhood of a stable periodic solution the general solution 
tends exponentially to a periodic one, there being no possibility of small 
undamped vibrations about a periodic state. It is then shown that 
if a system represented by the above equation be started in any manner, 
it will eventually arrive in the immediate neighbourhood of one of the 
stable periodic states, and the previous result then shows that it .will 
settle down exponentially into such a state. This is in agreement with 
experimental facts. A. W. 


1558. Measurements of the Fundamental Oscillations of Single-Layer 
Coils. W. Hofmeier. (Ann. d. Physik, 74. 1. pp. 32-54, April. 1924.)— 
The problem of the free period of single-layer coils has been tackled both 
theoretically and experimentally without, however, a generally valid 
solution having been obtained. Previous work by Drude [see Abstract 
1906 (1902)] is referred to, later the very comprehensive theoretical in¬ 
vestigation by Lenz (see Abstract 1107 (1914)]. and finally measurements 
by Geiss and Herweg. The present investigation reopens the subject. 
Coils whose lengths are great compared with their diameters give a 
fundamental oscillation determined solely by their forms. For short 
wide coils the distance apart of the windings comes into play. The formula 
given by Lenz for long coils affords values for the fundamental oscillation 
which deviate from those measured by a factor which increases from 1*H 
to the limits of validity of the formula. For testing the Lenz formula for 
short coils, a determination of the fundamental oscillation from the coil 
form is not possible since the formula takes no account of winding dis¬ 
tances. This oscillation, however, is found to be limited by the case of 
very large distances between the windings. The influence of wire insula¬ 
tion is unnoticeable in long coils but rises rapidly with the form factor. 
Turns between 100 and 20 increase the fundamental wave-length, but 
above 100 no further change was established. In the region 
0 - 06 <r/ 2 /< 1 * 0 , the fundamental oscillations are given by the formula, 
X = n . L . ^r/2l, which is valid for wire of 100 turns and distance apart 
1-15. The values of the fundamental oscillation for free oscillating coi s 
cannot be applied to closed oscillation orbits without further consideration. 
Tables of data are included. H. H. Ho. 

vol. xxvii.— a. —1924. 


ELECTRICITY AND MAGNETISM. 


547 


ELECTRICAL PROPERTIES AND INSTRUMENTS. 

1559. Researches Made al the Laboratoire Central d‘Electricity on the 
Properties of Aluminium. Jouaust. (Soc. Fran?. Elect., Bull. 3. 
pp. 663-669, Dec., 1923.)—An account is given of the results of researches 
in connection with the electrical resistance properties of pure aluminiums 
of French. American, and English origin. The results are given in risumd 
form ; values of the resistivities at 20° C., po Q . the coefficient of variation 
of resistance with temperature, a, and the product of the two. a p 2 o. 
are tabulated. The formula adopted for the resistance R, at any 
temperature t° C., is R, = R^l + <*(/ - 20)]. Reference is made to 
the appreciably higher values of the resistivity found in the 1917 researches, 
and it is concluded that the value p» 0 = 2820 michroms per cm. cube 
at 20° C. should be adopted for rolled aluminium. The mean value 
found for a was 0*01147, with extreme values of 0*01125 and 0*01165, 
as compared with the N.P.L. mean value 0*01139. The mechanical 
properties of the aluminiums used arc also given in this paper. A. W. J. 

1560. Electrical Resistivity of Metallic Products. L. Guillet. (Soc. 
Fran?. Elect., Bull. 3. pp. 641-662. Dec.. 1923.)—The first part of this 
paper is a risumi of known facts, mainly concerning the effect on their 
resistance of alloying metals together. The second part deals with the 
resistance of aluminium. The effect of impurities (Fc and Si) on the 
resistivity is determined, both in the ” as cast ’* condition after annealing 
for 30 mins, at 450° C. and after rolling, drawing, and extending, the 
worked material being studied before and after annealing. Results : 
(1) Impurities have a great influence on resistivity, silicon appearing to 
raise the resistance even more than iron ; (2) thermal treatment has 
not much effect on annealed material; (3) work raises the resistivity, 
though the effect is smaller the purer the metal. 

The third section of the paper deals with additions made to copper 
castings to cause soundness. The addition of boron carbide (in an impure 
form sold specially as a copper deoxidiser) is found to have no effect, 
but the addition of about 0*3 % l r « a<* s as a complete deoxidiser and 
gives perfectly sound castings. It has. however, the great disadvantage 
that it raises the electrical resistance. J. L. H. 

1561. Resistivities of some Granular Resistor Carbons. C. E. Williams 
and G. R. Shuck. (Am. Electrochem. Soc., Trans. 42. pp. 181-193 ; 
Disc., 193-194, 1922.)—By means of an electric furnace, consisting of 
a rectangular column of resistance material contained in a refractory 
enclosure and supplied with current at the ends by two blocks of carbon, 
measurements are made of the resistance of different forms of carbon at 
different temperatures. Temperature measurements are made by means 
of protected thermo-couples embedded in the resistor. The factors in vesti¬ 
gated are the origin and type of carbon, size of particles, effect of pre¬ 
heating and content of volatile matter and the effect of added impurities. 
Increase of ash content when originally present raises the conductivity 
but only to a minor degree. Added impurities increase the resistance 
to a higher extent through increasing the contact resistance between the 
particles. 

Charcoal containing 14 % of volatile matter showed no measurable 
conductivity. The resistance falls progressively on continued heating, 
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due mainly to the elimination of the volatile matter, until all has been 
removed, when no further change is observed. Some of the decrease in 
resistivity may be due to the gradual graphitisation of the carbon and 
conversion of the mineral matter into more conductive carbides. The 
difference in resistivities of various types and sizes of carbon resistors is 
found not to be very large at 1000 5 C. to 1200° C. The temperature 
coefficient of resistivity is negative for all the forms of carbon tested up 
to 1000° C. or 1200° C., at which temperature it approaches zero and 
then becomes positive as the temperature increases further. This change 
is found to be more pronounced with graphite than with other forms of 
carbon. J. N. P. 

1562. Electrical Conductivity of Magnetite. E. Wilson and E. F. 
Herroun. (Roy. Soc., Proc. 105. pp. 334-345, March 1, 1924.)—Five 
specimens of magnetite from different localities have been tested and the 
relation of the specific resistance to impressed voltage, temperature, 
compressive stress, and magnetisation determined. With one exception, 
all the specimens show a marked diminution of resistance with increasing 
impressed voltage. (The voltage range is up to about 2 volts.) The 
effects of heating arc somewhat complicated by the fact that in general 
the resistance of a specimen is not the same before and after heating. 
Hut apart from this, there is for all specimens a considerable fall of resis¬ 
tance with increasing temperature, and a considerable increase of resis¬ 
tance due to cooling in liquid air. For instance, one specimen (" New 
York Original *’) had a resistance of 970 ohms in liquid air, about 1 ohm 
at atmospheric temperature and 0-15 ohm at 920°C. Tables are given 
showing (a) the effects of successive heatings and (b) the temperature 
coefficients of resistance over the range 10°C.-100°C. 

Both transverse and longitudinal compressive stresses (about 890 
kg./cm. 2 ) cause a diminution in the resistances of the specimens, the maxi¬ 
mum effect being about 0-5%. Longitudinal and transverse magnetic 
fields also reduce the resistance, the amount of reduction increasing with 
the applied field. The fields range up to about 1700 e.g.s. units and the 
greatest diminution of resistance observed is of the order of 3%. A. A. D. 

1563. Conductivity Measurements, with Cryolite-Alumina Mixtures. K. 

Arndt and W. Kalass. (Zeits. FJektrochem. 30. pp. 12-17, Jan., 1924.)— 
The specific conductivity of cryolite-alumina mixtures up to 20 per cent, 
alumina content is measured in a platinum vessel; the value falls 
with increasing alumina content, and when extrapolated to 100 per cent. 
A1 2 0 3 , the value reaches zero. Therefore the alumina plays no part in 
conducting the electric current; the mixture should be regarded as a 
solution of cryolite in an indifferent medium, i.e. AI 2 0 3 , analogous to 
solutions of lime and silica in calcium chloride, and solutions of electro¬ 
lytes in water. The equivalent conductivities of potassium fluoride, 
sodium fluoride, and cryolite were determined; the conductivity of cryolite 
is shown to be due to its sodium fluoride content. B. W. C. 

. 1564. The Hall Effect and Specific Resistance of Kathodically Deposited 
Films of Gold. S. S. Mackeown. (Phys. Rev. 23. pp. 85-93, Jan.* 
1924.)—Measurements of the Hall coefficient in thin metallic films have 
been made by Moreau [Abstract 2398 (1901)], Wait [Abstract 209 (1923)], 
and Steinberg [Abstract 1208 (1923)]. Wait, using Ag films chemically 
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deposited and of minimum thickness 23 /x/x, found the Hall coefficient 
independent of the thickness and the same as for the metal in hulk. The 
other observers found the coefficient dependent on film thickness. In 
the present investigation. Au films, prepared by kathodic sputtering, 
were used. The film thickness was obtained by dividing the mass per 
sq. cm. by the density of Au in bulk and varied from 10 /x/x to 80 /x/x. The 
Hall coefficient was found to be 643 x 10-®. independent of the thickness 
and of the same order as for Au in bulk. The range of field strengths was 
from 3 to 28 kilogauss and the current-density varied up to 10® amp./cm. 2 . 
The value of the coefficient remained the same after varying heat treat¬ 
ment and during two months' exposure of the films to the atmosphere. 

The electrical resistance of these films was also measured. Satis¬ 
factory results with films less than 10 /x/x in thickness could not be obtained 
as the resistance was unstable. For the same reason determinations of 
the Hall coefficient on these thinner films were not reliable. For the 
thicker films, as the resistance is stable, it may be assumed that all 
particles are in contact. The conductivity K (ohm- 1 ) can then be 
expressed in terms of the surface density a (gm. per sq. cm.) by 
K = — <7 0 ) • Except for very small values of a the experimental results 

conform to this expression. The value of K is about 0*35 that of Au 
in bulk ; e 0 - 20 X 10-® gm. per sq. cm., and taking the density of Au 
as 19 the average thickness of the particles is of the order 10”° cm. L. L. 

1565. Passage of Currents through Loose Contacts. Angelika Sz6kely. 

(Zeits. f. Physik. 22. 1-2. pp. 61-69. 1924 .)—RdsunU of literature and full 
bibliography of (a) coherers and (6) passage across minute intervals. The 
author finds that between two metals bridges may be built up, which 
can be photographed ; these bridges consist of the material of the anode, 
the kathode being without influence. Numerous analogies to the behaviour 
of coherers occur, and support the old hypothesis that in coherers bridges 
are formed. A. D. 

1566. Hall Effect and Thermoelectric Power. P. Raethjen. (Phys. 
Zeits. 26. pp. 84-89. Feb. 15. 1924.)—Electron theories of metallic con¬ 
duction which ascribe the process solely to negative electrons lead to the 
relation *AB/log , (Ra/R b ) = R/F, in which <r AB is the thermoelectric power 
of metal A against B; R A , R n . the Hall coefficients for these metals ; R, 
the gas constant (8-3 x 10 7 ergs per degree); F. the equivalent charge 
(9660 e.g.s. units). 

To test this relation the author has carried out determinations of 
thermoelectric power and Hall coefficients for the metals Au, Ag, Pt, C u, Al, 
Sn, and Pd. The metals were in the form of foil, supplied by Heraeus, 
technically pure, and thickness of the order 10~ 3 cm. The Hall coefficients 
were measured in a field of 10,500 e.g.s. units, the range of primary Hall 
currents being from 0-5 to 3 amps. The mean values determined from a 
number of specimens of each metal were : 

Metal. Ag. Au. Pt. Cu. Al. So. 

• Hall coefficient X 10* .... 9-44 7-36 2*30 6-09 3-43 0-41 

In the case of Pd the effect of occluded H on the value of this coefficient 
was also investigated. The amount occluded was expressed in terms of 
the change of electrical resistance of the Pd strip. The Hall constant for 
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uncharged Pd is 7-47 x 10” 4 and increases linearly with the H content to 
a value 7-70 x 10- 4 . 

Measurements of the thermoelectric force of combinations of the metals 
were made with the cold junction at 20 °C. and the hot junction at tem¬ 
peratures varying up to 50° C. Expressing the thermoelectric force in 
the form E — (/, — / 2 )[ a + 1/2^(/j + t*)}, the thermoelectric power at 
18° (<* 18 ) °( various combinations is deduced. The ratio e AD /log e (R/JRb) 
does not show a constant value or follow any simple law. L. L. 

1567. Johnsen-Rahbck Effect. J. Wasik. (Zcits. techn. Physik, 

5. 1. pp. 29-31, 1924.)—Experiments with highly polished metallic sur¬ 
faces tend to show that at the surface of metals there are formed layers, 
probably gaseous or fluid, possessing very great electrical resistance. 
These layers render it possible to obtain with metal surfaces analogous 
effects to those obtained by Johnsen and Rahbek with polished semi¬ 
conductors. Under the assumption that the conductivity of the layer 
between the polished metal surfaces depends on the potential difference 
applied between the two metals, the effect can be explained by the theory 
of Thomson’s electrometer. The semi-conductors used in Johnsen and 
Rahbek’s arrangement apparently only serve as an electrical resistance 
inserted in the circuit so that the current indicator is not damaged when 
the surfaces arc short-circuited. A. W. 

1568. Thermoelectric Effects in Homogeneous Conductors. A. N. 

Shaw. (Roy. Soc. Canada. Trans. 17. Sect. 3. pp. 195-196, 1923.)—The 
limitations of existing theories of the thermoelectric circuit are briefly 
referred to. The author has recently demonstrated the existence of the 
Seebeck effect in homogeneous conductors and has confirmed some of the 
contentions put forward by Benedicks. Unsymmetrical temperature 
gradients on either side of points of maximum or minimum temperature 
in a homogeneous conductor were found to produce small thermoelectric 
currents in copper, and large ones in iron, and it is tentatively suggested 
that these new effects may be correlated with existing thermoelectric 
data by ascribing the scat of the e.m.f. in the Seebeck effect, to regions 
where a temperature gradient is found. J. S. G. T. 

1569. The Properties of Dielectrics. G. L. Addenbrooke. (Nature, 
113. pp. 490-491, April 5, 1924.)—The present publication gives certain 
conclusions derived from a long study of the subject. Since capacity is 
energy reversibly stored at unit potential difference, and both resistance 
and the so-called " dielectric hysteresis ” arc energy dissipated or lost, 
much simplification is claimed by regarding dielectric actions in these two 
terms. After examining the actions in a number of diverse dielectrics, 
both in steady and alternating fields, those in clear thin sheets of celluloid 
were selected and results for these are discussed. 1 1 is found that the curve 
of energy dissipated is of the same general force as that giving the 
predicating an intimate relation, though the proportion of energy 
grows larger as the frequency is lower. By intensive drying it has been 
demonstrated that all the actions which have been so puzzling in dielec¬ 
trics were wiped out, leaving only the fundamental capacity action out¬ 
standing, and this remaining capacity was found to change little with tem¬ 
perature, like the refractive index, though the eliminated actions all bad 
large temperature coefficients. The latter point seems to coincide with 
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the fact that the vapour pressure of water has a high temperature coeffi¬ 
cient. Experiments are then described for finding the percentages of 
moisture present corresponding to the effects found, curves being included. 
These actions cannot be explained on the basis that water in dielectrics 
has a dielectric constant of about 80. and such moisture must be in a solid 
solution of electrolytic type. Apparently the surface tension of the 
dielectrics opposes a strong barrier to ions leaving the dielectric, and, in a 
steady field, these tend to accumulate near the surfaces. This slows 
down the action owing to their mutual repulsion, and is apparently the 
cause of the slowing-down of the action with time, a much studied and 
hitherto inexplicable phenomenon. With about l/500th part of moisture 
present in the dielectric, such a large deflection on the electrostatic watt¬ 
meter can be obtained that a change of l/200th part in this moisture 
would be seen readily. Consequently an amount of moisture so low as 
1/100,000th part would produce a measurable effect. Ions must therefore 
have very active electrical charges. H. H. Ho. 

1570. The Power Loss in Condensers with Liquid Dielectrics. L. S. 
McDowell. (Phys. Rev. 23. pp. 507-519, April. 1924.)—Using a 
variable test condenser with conical plates nickel plated, measurements 
for frequencies below 3700 were made with a special capacity bridge 
previously described by MacLeod, and for higher frequencies to 1,500,000 
cycles by'an ordinary resonance substitution method. Castor oil, benzene, 
xylene, toluene, olive oil, paraffin oil. medicinal oil, " Bostonia," glycerine, 
and oil of turpentine were studied ; results are given for the first five. I he 
power loss per unit voltage Rw^ 2 is approximately constant for benzene, 
xylene, and toluene, decreasing only from 202 to 184, from 102 to 90, and 
from 138 to 117 (all times 10“ 10 watts), respectively, as the frequency 
increased from 700 to 3500. This indicates that the loss is due chiefly to 
conductivity, but in some liquids, notably xylene, there is apparently 
a small additional loss which decreases with the frequency but which docs 
not fit the equation for dielectric absorption. Castor oil and olive oil show 
a loss per unit voltage increasing with frequency, suggesting two leaky 
condensers in series. Author. 


1571. Dielectric Constant. R. FUrth. (Zeits. f. Physik. 22. 1-2. 

pp. 98-108, 1924.)—Suggests a new method for finding the dielectric 
constant of conducting liquids of any conductivity, and for any order 
of frequency. The method is based upon finding the turning moment 
upon a perfect ellipsoid of revolution suspended within the liquid in 
question when an electric current is passed through the system. Measure¬ 
ments are to be undertaken. Errata (ibid. 23. 6. p. 417). A. D. 

1572. Piezoelectric Effects with Dielectrics. K. R. Brain. (Phys. 
Soc., Proc. 36. pp. 81-92 ; Disc., 92-93, Feb., 1924.)—This paper describes 
experiments on the piezo-electrification of dielectrics. The materials 
examined are ebonite, glass, hornoid, sealing wax, rubber, celluloid, and 
hard paraffin. The results actually given nearly all relate to ebonite, 
but it is pointed out that the other materials behave similarly. Curves 
are given showing the relationship between the quantity of electricity 
produced and the applied load. There are very marked fatigue effects, 
considerable differences being observed between the results obtained on 
the same specimen in successive experiments. Examination of a cube of 
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ebonite shows that different charges are developed on the various faces 
for the same load, suggesting a marked irregularity of structure. As the 
behaviour of crystals closely resembles that of dielectrics, it is concluded 
that these latter consist of crystals embedded in a surrounding matrix. 

•This conclusion has been verified by X-ray examination. A. A. D. 

1573. New Form of Lutz Sirin* Electrometer. T. Wulf. (Phys. 

Zeits. 25. pp. 109-111. March 1, 1924.)—Polemical with Lutz [Abstract 
1968 (1923)], the author, claiming more especially to be responsible for the 
use of a tensile, bent quartz fibre in the construction of the string electro¬ 
meter. J.S.G. T. 

1574. Thermoelectric Pyrometers. C. Bacchini. (Elettrotecnica, 11. 

pp. 119-124, Feb. 25. 1924.)—A summary of the principles of thermo¬ 
electric measurement and a description ot various pyrometers used in 
industrial practice. • J. J. S. 

1575. Electrostatic Oscillograph. J. A. Crowther. (Cambridge Phil. 

Soc., Proc. 22. pp. 68-69, Feb.. 1924.)— r The. instrument described is a 
modification of an electrostatic oscillograph invented by Taylor Jones. 
In the original instrument a thin phosphor-bronze wire is stretched parallel 
to a flat metal plate towards which it is attracted when a ditference of 
potential is established between them. A small mirror attached by one 
edge to the middle of the wire and by the other to a piece of cork, indicates 
the motion of the wire. The free period aVi/m attains a minimum at a 
frequency of 5000. the limit being determined by the breaking stress of 
the wire. In the modified oscillograph two strings bridged by a small 
mirror arc employed. One serves as a pivot for the mirror whilst the 
other, a flexible strip of galvanometer suspension, is deflected by the 
electrostatic forces. The free length of the strip is determined by two 
bridges 1$ cm. apart and the tension is varied by a levor mechanism. 
The instrument constructed had a natural frequency of 10,000 per second, 
and gave a deflection of 15 mm. at 30 cm. distance when a p.d. of 100 
kilovolts was applied to the deflecting plates. A. B. W. 

1576. Measurement of Resistance Variations for Conductors not Obeying 

Ohm’s Law. H. Greinacher. (Zeits. Instrumentcnk. 44. pp. 44-55, 
Feb., 1924.)—Wheatstone bridge methods and Poggendorff’s compensa¬ 
tion method of measuring resistance are discussed with reference to con¬ 
ductors not obeying Ohm’s law. Formulae are obtained from which the 
sensitivity of the two methods can l>e compared and the best arrangement 
selected for particular cases. 1 A. W. 

1577. Measuring Small Capacities. H. Hermann. (Zeits. Instru- 

mentenk. 44. pp. 13-22, Jan., 1924.)—Discussion of a method for measuring 
small capacities, based on the capacity-reducing effect of a needle brought 
near a small sphere. A. D. 

1578. Measurement of Low-Frequency Amplification. R. L. Smith- 
Rose. (Wireless World and Radio Rev. 13. pp. 699-702, March 5, and 
pp. 731-734, March 12, 1924.)—The author describes the arrangements 
in use at the National Physical Laboratory for tests on standard manu¬ 
factured types of intervalve transformers. The apparatus makes use 
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of a primary coil, excited by loose coupling to a valve generating audio 
frequencies, inside which two coils at right angles can be rotated about 
a common axis. Two valves, carefully paired, axe used, and the switching 
arrangements are such that when one coil is connected to the grid and 
filament of the first valve, the telephones are included in the anode circuit 
and the second valve is not in use. When the second coil is connected 
to the grid and filament of the first valve, the telephones are inserted in 
the anode circuit of the second valve. By switching from one arrange¬ 
ment to the other and varying the position of the rotatable coils the 
telephone signals in the two cases can be made the same strength. From 
the position of the coils the two mutual inductances can be obtained by 
reference to the calibration curve, and the amplification is at once given. 
The results of tests thus carried out with resistance-capacity, chokc- 


capacitv, and transformer coupling are given. 


A. W. 


1579. Application of the Neon Lamp to the Comparison of Capacities and 
High Resistances. J. Taylor and W. Clarkson. (Journ. Sci. Instru¬ 
ments, 1. pp. 173-182, March. 1024.)—This paper deals with the application 
of the “ Hashing " of the neon discharge tube to the measurements of 
capacities and high resistances. The relations both between the period 
of Hashing and the resistance in the circuit, for a given capacity across 
the lamp electrodes, and the period of Hashing and the capacity across 
the lamp, for a constant resistance, are linear to a high degree of accuracy. 
An extension of the method utilises beats between two neon lamp circuits 
Hashing at high frequencies, for the measurement of small capacities. 

A. A. I). 


1580. Measurement of Peak Voltage with the Glow Tube. A. Palm. 
(Zcits. f. Hochfrcquenztechn. 23. pp. 18-20. Jan., 1924.)—The voltage V* 
at which an inert gas-filled tube glows is used to measure peak voltages. 
If V, is the voltage across the two con¬ 
densers C 2 and Ci, and C, is increased until 
the tube just glows, which is indicated by 
the telephone receiver T. then the peak 

voltage is V, = - lY The whole 



success of the measurement depends upon 
V K being a constant for the tube used, and 
not depending upon temperature frequency, external magnetic and electric 
influences, etc. These questions are considered in the paper, and it is 
shown that a tube with concentric cylindrical electrodes of aluminium, 
and with a neon-helium mixture at from &-15 mm. Hg pressure, gives 
the best results. • 


1581. Calibration of Cells for Conductance Measurements. Part III. 
Absolute Measurements of the Specific Conductance of Certain Potassium 
Chloride Solutions. H. C. Parker and Elizabeth W. Parker. (Am. 
Chenv.'Soc., J. 46. pp. 312-335, Feb., 1924.)—In the measurements at 0° 
here described, the cells were embedded and thoroughly packed, in a 
thermostat, with finely shaved ice. It is suggested that the concen¬ 
trations used for conductivity measurements be expressed in equivalents 
per cubic decimetre so that the present hybrid unit of equivalent con¬ 
ductivity may be avoided and values given in terms of the ohm- 1 , cm.- 2 , 
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and gramme-equivalent. To denote equivalents per cubic decimetre, the 
term denial and the letter D are proposed. 

For the absolute values at 0= of the specific conductivity of three 
potassium chloride solutions of concentrations D. 01 D and 0-01 D 
prepared by adding 76-6276. 7-47895. and 0-7462-53 g. respectively of 
1000 g - of water - h° th weighed in air. the values found are 
0-065098, 0-0071295. and 0-00077284 ohms-l cm.-'; the value for the 
0-1 D solution is suggested as a primary standard for the determination 
ol cell constants in conductivity measurements. The values obtained by 
Kohlrausch and Maltby at 18° are found to be 0 -145 % loo high. The 
values given by Kohlrausch. Holborn. and Diesselhorst for potassium 
chloride solutions are shown to be 0-15 % too high on the average, but 
the relative values are also in error. Values are given for the new solutions 
for temperatures up to 30°. but for accurate measurements cells should 
be standardised at 0°. j H P. 


1582. The Effect of Various Preparations of Mercurous Sulphate on 
the Electromotive Force and Hysteresis of Weston Standard Cells. W. C. 
Vosburgh and M. Eppley. (Am. Chem. Soc., J. 46. pp. 104-111, Jan., 
1924.) The solubility of a finely divided substance is dependent on the 
size of the particles and it has been thought that standard cells set up 
with mercurous sulphate sufficiently finely divided should have abnor¬ 
mally high electromotive forces. In order to test this, groups of cells 
were set up in which the size of the mercurous sulphate varied from about 
240 /x down to 3 /x. It was found that the e.m.f. of the cells with a very 
finely grained mercurous sulphate was considerably higher than those 
with the coarser material. For example, cells with the sulphate varying 
from 5/x to 110/4 showed a difference of 62 microvolts from the standard, 
whereas cells having the mercurous sulphate of a size 3 /x showed a differ¬ 
ence of 147 microvolts. It may be claimed that the phenomenon is due 
to hydrolysis. In order to disprove this view some concentration cells 
were made up in which both electrodes were of mercury and the electrolyte 
was sulphuric acid. The results so obtained were in qualitative agreement 
with the results for the Weston cells. Low hysteresis cannot be taken 
as indicating reliability of a standard in low acid cells. On the other 
hand, a cell with fairly high hysteresis is the more reliable for use as a 
primary standard. When it is more important that cells should have 
low hysteresis than that their e.m.f. should agree with the established 
value, cells can be more acid and a fine-grain sulphate used W. R. C. 


ALTERNATING CURRENTS AND MAGNETISM. 

# 

1583. Permeameter for Small Alternating Magnetic Fields. G. A. 
Kelsall. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 329-338, 
Feb., 1924.)—The usual method of determining the permeability of a 
material to small alternating forces is by measuring the inductance of a 
ring specimen by means of an inductance bridge. To avoid the disadvan¬ 
tages of this method, an apparatus is devised which is a special type of 
transformer with a single-turn secondary. The primary is wound on a 
laminated core, and the secondary consists of a copper shell or box enclosing 
the primary in the lower part and with an upper compartment to hold 
the ring or spool of wire to be tested. The secondary circuit is completed 
only when the circular cover or lid is put in place. The inductance of 
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the primary, connected as one arm of an inductance bridge, is then meas¬ 
ured, and the permeability of the material is calculated from this result. 
Assuming an equivalent parallel-branch circuit to correspond with the 
permeameter circuit, it is shown that L3. the increase in inductance of 
the secondary when the test core is inserted, is given by L 3 ={LL 1 /(I. 1 — L)} 
— L s , where L is the permeameter inductance measured on the 
bridge, Lj is the inductance of the primary with open secondary, and 
L s is the value of L when no test core is present. If the ring has mean 
diameter D, sectional area A. and the primary of the permeameter has 
N turns, then it is shown that = {L 3 D10°/4N 2 AK} -f- 1. The 
determination of the permeability of rings and of coils of wire on spools 
is illustrated by examples. The magnetising force is expressed by 
H = FI/D, where F = 2N(Lj — L)/5L, and I is the current flowing in 
the primary. The permeameter can be calibrated at one frequency by 
using a core of compressed iron dust which has a constant permeability 
of 24-25 over a wide range of frequencies. G. E. A. 

1584. Paramagnetism of Iron in Ferricyanide of Potassium. Paule 
Collet. (Comptes Rendus, 178. p. 937. March 10, 1924.)—The molecular 
susceptibility, Xm. of ferricyanide of potassium in aqueous solution was 
measured, by the method of change of level, for solutions containing from 
1-127 to 20-27 gm. of salt per 100 gm. of solution. The values found 
for x>n varied from 1960 x 10-® to 2258 x 10“°; according to Pascal’s 
measurements, the correction for the diamagnetism of the rest of the 
molecule (CN) ft K 3 , amounts to 118 x 10The number of magnetons 
is 11-40 for the concentrated solution, and 10-91 for the most dilute. 
Weiss found from Honda's results that the solid salt contains 13 magnetons ; 
the number for normal ferric salts is much larger, namely, 26 to 29. 

G. E. A. 

1585. Terrestrial Electromagnetic Variations. L. A. Bauer. (Tcrrcst. 

Magn. 28. pp. 129-140, Dec., 1923.)—The correlations in the paper arc 
based on observations made at the Ebro Observatory, Tortosa, Spain, 
for magnetically quiet days during the period 1914-1918. The character 
of the diurnal and annual variations of the horizontal component indicates 
that only to a certain extent they may be the direct electromagnetic 
effects of the observed corresponding earth currents. There is a strong 
probability that the observed earth currents may be the combined result 
of a varying magnetic field and a varying electric field, as indicated by 
the rate of variation in terrestrial magnetism and atmospheric electricity. 
The correlation between the variations of earth currents and the time- 
gradients of atmospheric potential gradient is found to be higher than 
that for the time gradients of terrestrial magnetism, both as regards 
diurnal and annual variation [Abstract 121 (1923)]. W. A. R. 

1586. Normal Distribution of Terrestrial Magnetism over Siberia in 
1910. B. Weinberg. (Tcrrest. Magn. 28. pp. 113-123, Dec., 1923.)— 
The " normal " distribution of the magnetic elements over Siberia for 
1910 is set out in tabular form. The table gives the values of the 
declination, inclination, and horizontal intensity, also the equivalent 
three rectangular components, at points situated at the intersections of 
a set of parallels of latitude drawn at intervals of 2°, with a set of meridians 
of longitude at intervals of 5°. The data employed comprised all avail- 
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able determinations (published and otherwise) made from 1820 to 1918 . 
These were reduced to 1910 by means of the secular variation already 
determined by the author. The treatment of the data is described in 
some detail, and was such as to lead to a " normal ” distribution, in 
which the influence of " local ” disturbances is practically eliminated and 
in which the " regional ” disturbances are much diminished. An examina¬ 
tion of the available determinations has revealed great smoothness in the 
actual distribution of terrestrial magnetism over the explored part of 
Siberia, though certain anomalous areas, specified in the paper, have 
been found. A comprehensive list of references is given. M. A. G. 


RADIOGRAPHY AND ELECTRO-PHYSIOLOGY. 

1587. Cinematographic Radiography of the Human Heart. Comandon 
and Lomon. (Comptes Rendus, 178. pp. 997-998, March 17, 1924.)— 
Difficulties of the above are pointed out. Progress in X-ray technique 
has allowed 16 18 images per second to be obtained, by methods originally 
used by the authors in 1911, and by use of improved screens of calcium 
tungstate. To obtain a sufficient number of exposures per second, 
secondary currents of 150 300 milliamps. are needed. Using 250 milliamps. 
at 80 kilovolts, via a Coolidge tube, the first five images obtained were 
clear, but the intensity then falls rapidly and renders the image unreadable. 
After the tube has so been used for 1-2 seconds, the antikathodc is pitted 
and volatilised metal is deposited upon the glass walls. It is said a pure 
electron discharge is no longer obtained, and it would appear the bombarding 
Electrons no longer reach the solid antikathode, but only the layer of 
vaporised metal in front of it. 

By means of varying voltages the cinematographic method has been 
applied to find the optimum voltage to excite best screen fluorescence. 
The intensity does not appear to vary much between 65-85 kilovolts, but, 
In the region of 100 kilovolts, the intensity becomes rapidly double owing 
to the excitation of the tungsten K radiation, which occurs at 70 kilovolts, 
but docs not become intense below 70 kilovoltes. At 100 kilovolts 
fifty images have been obtained in 3 seconds with 150 milliamps., but 
modifications of tube and screen are necessary to obtain results more 
easily. B. J. L ; 

1588. Recent Advances in X-Ray Technique. M. A. Codd. (El. Rev. 
94. pp. 566-569, April 11. 1924.)—A general article upon X-ray technology, 
which contains results obtained by means of a Duddell oscillograph during 
investigations upon the discharge due to transformers and coils. As is 
generally known, these show that only the peak of the voltage curve is 
effective in producing X radiation. 

The article also deals with interrupters, Dessauers cascade transformer 
tubes, high-tension leads to obviate brush discharge, protection, methods 
of measuring dosage and penetration, but adds nothing novel. B. J- L. 
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1589. Solubility of Helium and Hydrogen in Heated Silica Glass and the 

Relation of this to the Permeability. G. A. Williams and J. B. Ferguson. 
(Am. Chcm. Soc., J. 46. pp. 635-639. March. 1924.)—Experimental details 
are given of the determination of the solubilities, which arc found to be, 
for H in silica glass at 515°, a = 0 0092 ; at 445°, a = 0 0098 ; He in 
silica glass at 515°, a = 0-0101 ; at 445°, a = 0-0103; He in Pyrex glass 
at 515°, a = 0-0083, where a is the number of c.c. of gas (under standard 
conditions) dissolved in 1 c.c. of glass when the saturating pressure is one 
atmosphere. The comparatively small difference in the solubility of the 
two gases does not clear up the discrepancy between the observed rates 
of effusion and the rates expected from the respective densities according 
to the law of Graham and Bunsen. The relation between temperature and 
permeability is shown to be similar for many of the cases which have been 
investigated. A. B. C. L. 

1590. Behaviour of Gases in Contact with Glass Surfaces. D. H. 
Bangham and F. P. Burt. (Roy. Soc., Proc. 105. pp. 481-488, April 1, 
1924.)—The sorption values for C0 2 in contact with fine glass-wool have 
been measured for a range of pressure from 0-6 cm. to atmospheric. 
Initially the glass-wool was cleaned and dried in situ. The gas was then 
admitted and the subsequent fall of pressure in relation to the time deter¬ 
mined. For any given pressure the result may be given in the form 
S'" «= ht where s is the volume of gas adsorped. The index m is a function 
of the pressure,. having larger values at higher pressures. Experiments 
with other gases yield very similar values for the index m. Desorption 
experiments are also described and for short times after each pressure 
reduction the quantities desorped are represented by r log I0 £ = log 10 / + h 
where £ is the quantity desorped in any given step at time / after the 
reduction of pressure. The desorption results are somewhat irregular. 

A. A. D. 

1591. Rate of Absorption of Water by Rubber. D. H. Andrews and 
J. Johnston. (Am. Chem. Soc., J. 46. pp. 640-650, March, 1924.)— 
The absorption of water by rubber was investigated. A weighed sheet of 
rubber was immersed in water for a period of time, taken out, wiped and 
reweighed. The weight increased rapidly at first, then more and more 
slowly, finally reaching a limiting value. The measurements of the rate 
of absorption of water by a series of sheets of rubber have shown that the 
fractional saturation of the sheet as a whole is a function of //a 2 , when / 
is the period of immersion and a the half thickness of the sheet. The 
• results, when properly plotted, all lie on a single curve. This fact is in 
substantial accord with the theory of diffusion, and the behaviour of 
thicker sheets, iri which substantial saturation is attained only after an 
interval of years, can be predicted from observation of thin sheets for a 
period of weeks. The information is of importance in the behaviour of 
insulation, since the water content of a material has a-large effect upon 
its insulating properties. . F. J. 
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1592. A Method for Studying the Rapid Absorption of Gases by Liquids. 

P. G. Ledig and E. R. Weaver. (Am. Chem. Soc., J. 46. pp. 650-657, 
March, 1924.)—A simple form of apparatus suitable for the detailed study 
of absorption from small bubbles of gas by liquids is described, and details 
given of the application of the device to the study of absorption from 
bubbles of carbon dioxide by a solution of sodium hydroxide. A bubble 
of carbon dioxide of known volume is blown beneath mercury and ascends 
into the solution of sodium hydroxide, where absorption occurs in a closed 
system, open to the air through a capillary tube only. Contraction of the 
bubble due to absorption produces motion of the thread of solution con¬ 
tained in the capillary tube, and this motion is recorded photographically. 
It is shown that the absorption of carbon dioxide by a solution of sodium 
hydroxide comprises three stages. The first is characterised very rapid 
absorption at the newly formed liquid-gas interface. An equilibrium con¬ 
dition ensues during which the diminished rate of absorption is controlled 
by diffusion of the reagent to the interface and of the reaction product 
away from the interface. The third stage begins when the diluting gas, 
e g. air, invariably present in the bubble, starts to diminish the rate of 
diffusion of carbon dioxide to the interface. Particulars are given of 
an investigation of possible effects due to variation of concentration and 
viscosity of the solution, and the presence of an inert gas, upon the 
rate of absorption (sec Abstract 195 (1924)]. J. S. G. T. 

1593. Gels and Theory of Adsorption. N. E. Gordon. (Science, 58. 
pp. 495-497, Dec. 14, 1923. Paper read before the Am. Assoc, for 
Advancement of Science, Dec., 1922.)—From the results of experiments 
on silica gel it is concluded that there are four different types of adsorption 
from solution: (1) Chemical adsorption, which follows the mass law; 
(2) exchange adsorption, in which one ion is adsorbed at the expense of 
replacing an equivalent amount of a second ion ; (3) partition ratio 
adsorption, in which the adsorption obeys Henry's law, and* (4) electronic 
adsorption, in which the adsorbed material seems to be held by a secondary 
valency. Two or more of these types may exist in combination. 

T. H. P. 


1594. Diffusion in Gels. C. T. Mann. (Roy. Soc., Proc. 105. 
pp. 270-281, March 1, 1924.)—Chemical analysis of successive layers, as 
a means of obtaining the necessary data for the calculation of coefficients 
of diffusion, yields on the whole lower results than are obtained by the 
indicator method. The results with NaCl are similar to those of Oholm 
(Z. phys. Chem. 50. 309, 1905 and Nobel Institute, vol. 2. no. 30. 1913). 
Stiles and Adair’s explanation (Biochem Journ. 15. 620-628, 1921) that 
the indicator method reveals the more rapid travel of free ions as contrasted 
with that of total salt is confirmed by conductivity measurements. 

A. D. 

1595. Electrically Exploded Wires in High Vacuum. S. Smith. 
(Nat. Acad. Sci., Proc. 10. pp. 4-5. Jan., 1924.)—Wendt and Irion have 
reported the presence of helium in tubes in which tungsten has been 
electrically exploded [Abstract 94 (1923)]. As there is some doubt as 
to the origin of the helium in these experiments (that is, as to whether 
it is occluded, or produced by the disintegration of the tungsten) the 
present work was undertaken. The wires were exploded in an extremely 
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high vacuum, and in general the tubes, after the explosion, were non¬ 
conducting up to voltages of 60 , 000 , the highest used. In cases where 
a discharge could be passed there was no trace of helium. Similar obser¬ 
vations were made with wires of lead and aluminium. A. A. 1>. 

1596. New Light Filter for the Detection of Potassium. L. W. McCay. 

(Am. Chem. Soc., J. 45. p. 2958, Dec., 1923.)—For cutting off sodium 
light, etc., in order to allow of the detection of potassium, use may be 
made of a solution of 310 g. of crystallised chrome alum in 1 litre of water, 
the solution being placed in bottles of square prismatic form closed with 
wooden stoppers. This solution absorbs completely not only sodium 
light, but also that of lithium, strontium, calcium, and barium; rubidium 
and casium flames are visible through it, but these metals occur rarely 
and only in small amounts. T. H. P. 

1597. Chemiluminescence. A. Petrikaln. (Zeits. f. Physik, 22. 1-2. 

pp. 119-126, 1924.)—In 1912, Centnerszwer and the author succeeded 
in finding (Zeits. phys.Chem. 80. 235, 1912) an extremely faint line spectrum 
in the ultra-violet up to 238 n./i. on the slow oxidation of white phosphorus. 
The author now finds this to be a spectrum of narrow bands. This is 
traced to emission from P 2 0 6 . The formation of P 2 O s is visible under 
the microscope. Ionisation phenomena are present; but the energy 
evolved is almost wholly in the form of heat. A. D. 

1598. Theory of Emulsification. P. Finkle, H. D. Draper, and 

J. H. Hildebrand. (Am. Chem. Soc.. J. 45. pp. 2780-2788, Dec.. 1923.) 
—The present condition of the theory of emulsification is outlined, the 
types and relative stabilities of emulsions formed with the aid of various 
soaps being explained by means of the theory of orientation of the soap 
molecules in the interface. The curvature of the film of soap adsorbed 
at the interface is more convex towards the water, yielding more stable 
emulsions of the oil-enclosed type, the larger the metallic atom in the 
soap. As the number of hydrocarbon chains attached to a single metallic 
atom increases (with the valency of the metal) the curvature is reversed, 
becoming strongly convex towards the oil phase with soaps of the tcrvalent 
metals, aluminium and iron, which yield the most stable emulsions of 
water and oil. Experimental data on the type and relative stabilities 
of emulsions of various liquids with water show that the transition from 
the most stable oil-enclosed to the most stable water-enclosed emulsion 
for both stearates and oleates follows the order : Caesium, potassium, 
sodium, calcium, silver, magnesium, zinc, aluminium, iron ; this order 
is in accord with the valencies and atomic diameters of the metals, as 
interpretated by the orientation theory. It is suggested that the type 
of emulsion produced by a solid powder is determined by the angle of 
contact of the interface with the solid. In order that the powder may 
remain in the interface the angle must be finite, and unless the angle is 
90°, the interface will be on one side or the other of the points of contact 
of the particles, and its tension will cause the film to be concave on that 
side - T. H. P. 

1599. Dissociation of Chlorine and of Hydrogen into their Atoms. 
Part I. Dissociation of Chlorine. K. Wohl. (Zeits. Elektrochem. 30. 
pp. 36-46, Jan., 1924.)—The values of the heat of dissociation of chlorine 
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determined by different methods by Pier (113,000 cal. at constant volume), 
Trautz (70,000), and v. Wartenberg and Henglein (54,000) differ widely. 
The author makes use of the method of Pier and of Pier’s later improvement 
of his membrane bomb manometer. Like v. Schmidt (dissertation, 
Berlin, 1021), he determines the explosive pressure of HC1 mixtures, 
deducing the temperature of the explosion from the maximum pressure 
and the heat capacity of the mixture. As inert gas to mitigate the 
explosion, he uses an excess of chlorine. The bomb of 10 litres capacity 
was enamelled inside to minimise the adsorption of HC1 vapours by the 
walls. The membrane is a corrugated steel disc between steel rings, 
5 cm. in diameter. The heat losses are relatively low when the temperatures 
are high, and did not exceed 0-3 %. Each observation gives an equation 
with two unknown quantities, the molecular heat of HC1 and the heat 
capacity of the dissociating chlorine at the temperature of the explosion. 
The mean molecular heat of chlorine C»i c i t at constant volume between 
.291° and 1335° C. abs. is found to be 6-83 cal., the heat of formation of 
1 mol. of HCT at ordinary temperature being 22.000 cal. Up to 2000° 
the variation of Cm cij is given by 4-963 + (E T — E 2 oi)/(T — 291), 
where E is the energy of the atomic oscillation in the Cl molecule, E 
calculated as an Einstein function being = 902. The heat of dissocia¬ 
tion of chlorine at absolute zero is 57,000 ± 2000 cal. 

Part II. Dissociation of Hydrogen (ibid. pp. 49-62, Feb., 1924).—The 
heat of dissociation of hydrogen lies, according to Franck [Abstract 648 
(1920) and later experiments), between 80,000 and 100,000 cal. (method of 
impact ionisation). Langmuir (heat conductivity of hydrogen at high 
temperature) found 84,000 cal., but had to make certain assumptions 
in his experiments with tungsten lamps. The author uses the method 
described in Part I, exploding in this case chlorine with an excess of 
hydrogen, this being preferable to H O explosions on account of the high 
molecular heat of water-vapour. HC1 having a low specific heat may also 
be added to the mixture. Oscillations appear in the pressure curve of 
the hydrogen mixtures above 2000° ; above 2530° their amplitudes became 
great owing to the development of a detonation wave. When HC1 was 
added to the mixture, the oscillations were less marked. Each experiment 
gives an equation with four unknown quantities : Cmiici. Dhci ( the * ,eat 
consumed in dissociating HC1 and in dissociating the hydrogen and chlorine 
molecules into their atoms), Cm H , and D Hf : the final values have to be 
found by trial. For the range T = 1950 to 2580° Ci*hci > s 
(E t - E m )l(T - 291), where pv = 3420; E^ is practically zero. I" 
the analogous formula for Cm H ,. fiv = 6340; this value is applicab e 
above 1000° ; at lower temperatures the disregard of the decrease in 
the heat of rotation becomes noticeable. The heat of dissociation of 
hydrogen at abs. zero is U 0 = 95,000 ; at T the value is given by 
U Hl = 95.000 -f 0-993T — E H , ± 2000 cal. In view of the uncertainty 
of the chemical constant of monatomic hydrogen the heat of dissociation 
of hydrogen may lie between the limits 75,000 and 105.000 cal. H. B- 

1600. The Surface Energy of Crystals and their Forms. M. Yamada. 
(Phvs. Zeits. 25. pp. 52-56. Feb. 1, 1924.)—This is a supplement to the 
author's previous paper on the subject [see Abstract 336 (1924)], and goes 
more closely into the method of calculation of the surface energy of inclined 
surfaces in crystals. The mathematical difficulties involved in the problem 
are dealt with. - : . H. N. A- 
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1601. The Shapes Arising from Crystals with Curved Surfaces after 
Etching. R. Gross, F. Koref, and K. Moers. (Zeits. f. Physik, 22. 5. 
pp. 317-321, 1924.)—Previous work by Becke, Johnson, Schnorr, and 
Poppe, is first referred to, these authors having described dissolution 
and growth phenomena on plane-surfaced crystals, and established thereby 
that a definite velocity exists for each crystal and is capable of measure¬ 
ment. Gross then applied the method to crystals possessing curved sur¬ 
faces and obtained similar results. He then showed that from given 
physical conditions the shape which the crystal would assume during the 
solution process could be theoretically constructed. The remarkable 
result was deduced ’that the contour of concave crystals is formed of 
surface elements having the least velocity of growth, while convex crystals 
are generated by the most rapid. The relationships were established for 
gypsum [Zeits. f. Krist. 67. 145, 1922]. The present investigation seeks 
to afford support to the Gross construction methods and consequences by 
a study of metallic crystals. For this purpose a tungsten thread was 
etched and the surfaces examined by a combination of Rdntgenometric 
and goniomctric methods. Experimental details are included. H. H. Ho. 

1602. Osmotic Pressure of Electrolytes of Large Molecular Weight. 

E. and H. Hammarsten. (Arkiv f. Kern. Min. o. Geologic. Stockholm, 
8 . No. 27. pp. 1-16, 1923. In German.)—The investigation deals with 
some compounds of physiological interest which show an osmotic anomaly 
of the same type as Congo red. which gives a normal osmotic pressure in 
spite of strong electrolytic dissociation. Thus in one of the cases studied 
the osmotic pressure was about half the value calculated from conductivity 
measurements as compared with about two thirds for Congo red, and 
certain similar dye-stuffs. T. M. L. 

1603. Space-Filling in Crystals. F. A. Henglein. (Zeits. Elcktro- 

chem. 30. pp. 6-12, Jan., 1924. Paper read before the Dcut. Bunsen 
Gesell., Hanover, May. 1923.)—According to Kopp. the molecular volumes 
of organic liquids at their boiling-points are approximately equal to the 
sums of the atomic volumes of their constituents. To obtain corre¬ 
sponding states, crystals should be compared at absolute zero. But the 
ratio molecular heat/expansion coefficient is. according to Grttneisen 
(Abstract 1106 (1918)), for most solids fairly constant so that comparison 
at ordinary temperatures is permissible. For groups of compounds of the 
same crystal structure regularities as to molecular volume have been 
pointed out by Grimm, Biltz.and the author [Abstract 2149 (1922)). 1 he 

author extends these considerations with respect to the ions. When 
the molecular volumes of the alkali chlorides arc plotted against those of 
their sulphates and other salts, linear relations are found, provided the 
substances have similar crystal structures. The ions must therefore be 
of constant size, dependent upon their sequence in the periodic table. 
If unit volumes are arbitrarily assigned to the sizes of the ions of lithium 
and chlorine, then the sizes of the ions of the other alkali metals and 
halogen ions can be deduced from the linear relations, and these values 
are shown again to be in linear relation to the respective atomic volumes 
of the elements in the free state. These arguments arc applied to various 
groups of salts and of crystals (cubic, face-centred, and space centred, 
rhombic, monoclinic, etc.). There are deviations from the regularities ; 
magnesium, for instance, stands closer to zinc and cadmium in many salts 
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than to the metals of the alkaline earths. The author’s periodic table of 
the elementary ions consists of 7 vertical columns and 6 horizontal rows. 
The columns show the natural families, the inert gases being in the fourth 
column. In the rows the ions are arranged in the sequence of their atomic 
numbers ; all the ions of a row have the same number of negative electrons 
but the positive charges increase from left to right. Thus the second row 
is : N(— 3), 0(- 2). I«(- 1). Ne(0), Na(+ 1). Mg( + 2). Al( + 3). Si( + 4). 

H. B. 


1604. Structure of Solid Solutions. A. Westgren and G. Phragm6n. 
(Nature. 113. pp. 122-124, Jan. 26. 1924.)—The view that atoms of similar 
kind replace each other in a common lattice was confirmed in 1917 by 
Vcgard, who showed that, in alkali halides forming mixed crystals, the 
lattice dimensions of the latter lay between those of pure components. 

By making use of a precision camera to measure the angles of the most 
deviated interferences from an illuminated crystal powder, the authors 
have examined a high-carbon steel, quenched in water from 1100 ° and 
containing mainly austenite (a solid solution of carbon in y-iron), and also 
a low-carbon steel quenched at 750° and consisting of a mixture of 
martensite (a-iron and carbon) and austenite. The most important 
feature shown by the plate is that the lines corresponding with the y-iron 
have not the same position in the two photograms, there being thus a 
difference between the lattice dimensions. The face-centred elementary 
cube of the steel quenched at 1100° has the edge 3 -629 A., whereas the 
corresponding value for the other steel is only 3-601 A. This change in 
the dimensions is scarcely explainable except by the difference in the 
carbon contents of the two austenitic phases, and the increase in size 
of the lattice with the proportion of carbon, in spite of the smallness of 
the carbon atoms in comparison with the iron atoms, indicates that in 
this case the solid solution is not formed by simple substitution. Calcu¬ 
lation of the density of a homogeneous austenitic manganese steel on the 
assumption that the lattice is formed only by iron and manganese atoms 
between which the carbon atoms arc distributed uniformly gives a resu 


in exact agreement with the experimental value. 

The copper lattice is not changed in type by the dissolution in the 
metal of less than 8 % of aluminium, but it increases in size with rising 
content of aluminium. With these alloys the experimental values lor 
the densities lie on the density curve calculated from the lattice dimen- 
sions on the assumption that three copper atoms in the lattice are replace 
by two aluminium atoms, but it is still not understood how this unusua 
form of substitution can be brought into accord with the cubic symmetry 
of the atomic arrangement. The groups of atoms present in the eleme - 
tarv cube of the series of solutions examined correspond very near y 
with the formulae, Cu 3( jA 1 i8 . Cu 3 3 Al l8 , Cu 30 A1 20 . and Cu 27 A1 2 2- 
copper alloys appear to be formed by simple substitution of an atom 
one metal for an atom of the other in the lattice. T - 


1605. Fhotochemical Properties of Cuprous Oxide. A. D. Garriso • 
(1 Phys. Chem. 28. pp. 279-284. March, 1924.)—This is-a continuation 
of the work referred to in Abstract 1325 (1924). The conductivity w 
a suspension of cuprous oxide in pure water is not influenced by -Wtu 
light. It was found that conductivity of a suspension of copper coa 
with a thin layer of cuprous oxide is increased by white light. 4 
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system CU2CJ2-C.U2O-CU-H2O has a higher resistance in the light than 
in the dark. W. R. C. 

1606. Corrosion of Various Aluminium Alloys by Suit Water. D. 

Basch and M. F. Sayre. (Mech. Engineering, 46. pp. 199-201; Disc., 
201-205, March, 1924.)—The corrosion of various alloys of aluminium 
containing copper, manganese, zinc, magnesium, iron, silicon and nickel, 
was investigated. The alloys were rolled, sand cast, and die cast, and 
in some cases they were heat-treated. The alloys were exposed to salt 
spray in a specially designed apparatus and were weighed at intervals 
of three or four days. The rate of corrosion was judged by four factors : 
Appearance, gain in weight, depth of corrosion and percentage loss oi 
strength. The results showed that high tensile strength alloys were not 
the most resistant to corrosion, but that silicon alloys with a relatively 
low tensile strength had the highest resistance to corrosion. F. J. B. 

1607. On Two Attempts to Replace the Theory of Ions by a Theory Rased 
on the Molecular State of Water. V. Auger. (Comptes Rendus, 178. 
pp. 330-332, Jan. 14, 1924.)—The author maintains that the views of 
Armstrong {ibid. 176. p. 1892, 1923) and of Kling and Lassicur [Abstract 
339 (1924)] are not in accord with the laws of chemical equilibrium. He 
also criticises their views on the ground that they cover a smaller range 
of phenomena than the theory of ions which they attempt to displace. 

T. M. L. 

1608. The Activity Coefficients of Ions in Very Dilute Solutions. J. N. 
Hronstcd and V. K. la Mer. (Am. Chem. Soc.. J. 46. pp. 555-573. 
March. 1924.)—The osmotic and activity coefficients for a salt in a solution 
of mixed electrolytes of differing valency types are given by 

1 — <f> = aziX 2 Vfi and — Inf = Za*iX 2 V p 

where <f> and / are osmotic and activity coefficients, x l§ z 2 arc valencies of 
the ions of the salt, /z is the '* ionic strength " of the solution, a is a constant 
involving the temperature and the dielectric nature of the solvent. These 
thermodynamically correlated expressions are deduced from previous 
work [sec Abstract 230 (1922)] by introducing the conception of " ionic 
Strength ” and assuming that the coefficients in very dilute solutions 
are determined solely by electrostatic forces. These relations, which 
arc partly.empirical, may be extended to more concentrated solutions, 
giving results in good agreement with the theoretical considerations of 
Debye and Hiickel. Experimental verification is obtained by measuring 
the change of solubility of sparingly soluble electrolytes (chiefly complex 
ammoniacal compounds) for a range of concentrations from 0 02M to 
0- 00005 M. The data obtained confirm the equations developed by the 
authors for these " ideal" conditions. • B. W. C. 

1609. Chromising. F. C. Kelley. (Am. Electrochem. Sue... Trans. 
43. pp. 361-368 ; Disc., 368-370, 1923.)—The method of chromising iron 
consisted of packing the material to be treated into a mixture of alumina 
and chromium. The mixture contained 45 % alumina, and 55 % chromium 
by weight, and was packed into an iron tube and then heated to 1300° 
to 1400° C. in hydrogen, in vacuum or in some neutral atmosphere. The 
time of heating depended upon the penetration and concentration of 
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chromium desired. The quantities of chromium taken up were deter¬ 
mined by weighing the iron before and after chromising, the heating 
being continued for 3 hours. The samples were J x J x J to $ in. three 
samples used for each run. The gain in weight amounted to as much 
as 4-5 ° 0 in 3 hours at 1350° C.. the chromium penetrating to a depth of 
0-852 mm. It was shown that chromised iron was extremely resistant 
to corrosion, especially when used as turbine buckets. After a year 
of service side by side, an unchromised nickel steel bucket had its edge 
entirely corroded and eroded away, and the face badly corroded, whereas 
the chromised bucket was in perfect condition. The effects of heat 
treatment, carbonising ami the chromising of other metals is also 
discussed. F. J. 13. 


1610. Effects of Rate of Cooling on the Density and Composition of Metals 
and Alloys. R. C. Reader. (Inst, of Metals, J. 30. 2. pp. 105-109; Corres. 
109-113, 1923.)—The author in his introductory remarks lays stress upon 
the great importance of the subject, and notes the serious attention now 
being given to it by metallurgists. It is recognised that the cooling rate 
of an alloy may determine both its physical and mechanical properties. 
Reference is made to previous work of the author in which it was shown 
that the useful mechanical properties of 10 % aluminium copper alloys 
are adversely affected by a slow rate of cooling. The present notes deal 
with the numerical values obtained, showing the effect upon density and 
composition throughout the mass of metals and alloys due to different 
rates of solidification. The results are divided into two parts, namely: 
(1) Effect of rate of cooling on density, and (2) effect of rate of cooling on 
composition throughout the mass. The pure metals tested included tin, 
lead, zinc, and aluminium and the results obtained indicate that their 
densities are not affected by rate of solidification, if poured within a suitable 
range of temperature. The alloys chosen were binary ones of aluminium, 
zinc, and tin, respectively with copper. The conclusions reached from 
the results of the tests were that those alloys which solidify at a constant 
temperature are not affected as regards density by the rate at which they 
solidify. Alloys which solidify over a range of temperature give a lower 
density in the interior of the bar, when chill cast, while other alloys are 
not so affected. Alloys which solidify through a range of temperature 
are inversely segregated on rapid solidification—that is, are richer on the 
outside in the component of the lower melting-point and richer in the 
centre in the higher melting-point component, while the alloys which 
solidify at a constant temperature are homogeneous throughout. The 
discussion to this paper indicated a general agreement of the results of 
other authorities with the authors. A. W. J* 


1611. Plastic Deformation of Crystals. E. Schmid. (Zcits. f. Physik, 
22. 5. pp. 328-333/ 1924.)—Although the pressure relationships which 
occur during the plastic deformation of single crystals have been repeatedly 
discussed, the author finds a fresh viewpoint in the light of a recent paper 
by Siebel [see Abstract 681 (1924)]. The plastic extension of a crysta 
proceeds by a bending-slip along the important crystallographic planes 
[see Abstract 991 (1923)1, and an experimental substance has been chosen 
of a circular cylindrical crystal which only suffers slip along a range of 
slip surfaces whereby it passes into flat bands through the extension. 0° 
the assumption that at the beginning of the extension the friction in the 
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slip surface remains constant in the direction of slip during the whole 
course of the extension, the equation of the extension curve has been 
derived. From the calculated decrease of load it follows that the rigidity 
of polycrystallinc test pieces cannot be explained by the dilferent orienta¬ 
tion of the single grains during the extension. It then follows, from the 
study of the actual and theoretical curves, that the assumption of a constant 
slip friction is not justified. The crystal exhibits considerable internal 
rigidity during deformation which appears as a pressure increase. 

H. H- Ho. 

1612. Acceleration of the Landolt Reaction by Bromides and Chlorides. 
A. Skrabal. (Zeits. Elektrochem. 30. pp. 109-124. March. 1924.)— 
Continuation of previous researches by the author (i bid. 28. pp. 224-244, 
1922), now joined by R. Rieder, on the reduction of iodate solution by 
means of sulphurous acid (the Landolt reaction) and the acceleration 
of this reaction by the presence of other halogen compounds, especially 
chlorides and bromides. The total result of the reaction may be expressed 
by the equation IO' 3 + SSOj - I' + 3SO,'. that is to say. the final 
products are iodide and sulphuric acid. In the presence of Hr/ or Cl', 
however, there are altogether seven simultaneous reactions proceeding 
at different rates which the author attempts to determine. He refutes 
the criticism of Dhar, agrees on the whole with Dushman. and assumes in 
his discussion, on the lines of Arrhenius and Hodcnstein, of the general 
kinetics that the constant k‘ of the velocity of reaction consists of two 
terms, K strongly dependent upon temperature, and the kinetic term 
proper k, varying but little with temperature. Chemical reactions follow 
a definite time law over only limited ranges of concentration and velocity. 
When sodium chloride and potassium bromide are added, they have also 
a slight retarding (not accelerating) effect like all neutral salts, or, as the 
author prefers to say, like all strong electrolytes ; this he tests by experi¬ 
ments with sodium nitrate. But the accelerating effect of Br' is enormous, 
that of Cl' much less marked ; the effect of the addition of 1' may be 
either accelerating or retarding. H. Wastl's suggestion, that the resulting 
SO4 take part in the reaction according to the mass law, is criticised ; 
the mass law is not applicable, but the SO4 ions act by catching H * ions 
and forming HSO4. When Wastl in biological experiments concerning 
the influence of organic catalysts on the Landolt reaction further objects 
that owing to " ionic antagonism " the combined accelerating effect of two 
catalysts is not equal to the sum of the single effects, that is,’of course, 
in accord with general kinetic principles; organic reactions may, moreover, 
be highly complex. The author s tables of constants are only to apply 
to conditions far remote from equilibrium conditions. The general 
kinetics of the reduction of halogenate are given by [IO s [H •] 2 (X'][Y'), 
where X and Y indicate the same or different elements of the group Cl, 
Br, I. H. B. 

1613. Variation of the Rate of Combustion of Hydrogen-Air Mixtures 
with Pressure and Temperature. H. Mache. Experiments by A. Nfigel. 
(Akad. Wiss. Wien. Ber. 132. 2a. No. 6-6. pp. 216-231. 1924.)—The author 
supports the theory due to himself and L. Flamm [Abstract 690 (1918)], 
by examining the data which Nigel [Abstract 604 b (1908] ; Mitt, fiber. 
Forsch. Ab., 1907] obtained with a spherical bomb of 33-51 capacity 
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provided having a flat spring indicator and with a photographic film 
travelling at 3 m./sec., so that the diagram attained a length of 92 mm. 
In the one case, for which fuller particulars are given, the mixture saturated 
with water vapour contained 21-4 % of hydrogen at an initial pressure 
of 2-5 atmos. abs. and 288° K. ; the maximum pressure rose to 18-223 
atmos. and the temperature to 2350° K.; the scale of abscissa was 1 mm., 
equal to 0-0003127 sec. ; the pressure rose first slowly and then rapidly 
to its maximum. The initial pressure was varied between 0-5 and 2-6 
atmos.; the other conditions changed but little. Ignition was effected at 
the centre of the sphere to avoid catalytic effects of the wall. The pressure 
observed is corrected by means of the mixture ratio, the heat of combustion 
and the value for the specific heat of the combustion products which Pier 
found in experiments with a bomb of the same size. In their formula 
Mallard and le Chatelier had assumed that the rate c' with which an 
area of combustion advances with respect to the unburnt mixture depends 
upon the volume of gas that the quantity of heat W coming from that area 
can raise to the ignition temperature per second, and that this heat current 
is independent of the initial temperature. In view of Cassel’s observation 
(Ann. d. Physik, 51. p. 685, 1916), that the rapid rise to the high tempera¬ 
ture of combustion only sets in at temperatures considerably above the 
ignition temperature, the author submits that W cannot be taken as 
constant. Calculating also y, the mass of gas mixture burnt per sq. cm. 
of combustion area per second, he deduces that y increases as the tempera¬ 
ture rises to about 100° C., but remains fairly constant afterwards. But 
y changes much with the pressure, since y p ■» y, p n . At the maximum 
pressure observed of 17-5 atmos. y had the value 5-69; the maximum 
value of n, i.e. 1-36, had then already been passed and had diminished 
to«H 1-27. It would thus appear that at very high pressures y becomes 
proportional to the pressure and c' becomes constant. Since c' depends 
also upon the density variation it is less valuable as a criterion than y. 
For that reason the Gouy-Michclson method is not suitable for highly- 
cxplosivc gases, as Ubbelohde and Koelliker showed in 1916; to avoid 
striking back of the flame, a high rate of gas feed has to be maintained 
in the tube, and turbulence sets in. H. B. 

1614. The Electrometric Method of Measuring Acidity and Alkalinity. 
W. T. Bovie. (Optical Soc. of America, J.and Rev. Sci. Inst. 8. pp. I 49- 
168, Jan., 1924.)—The author gives a brief rdsumd of the significance 
of determinations of hydrogen-ion concentration, and discusses the tech¬ 
nique of the electrometric method, with especial reference to the various 
electrodes which can be employed. The author described a direct reading 
and direct recording potentiometer which he has devised for the measure¬ 
ment of pH values. This employs a semi-logarithmic scale, and electTO- 
metric titration curves are easily obtained in this manner. B. W. C. 

1615. Catalytic and Induced Reactions. Part J. Catalytic and Induced 
Oxidation in Presence of Salts of Cerium. A. K. Goard and E. K. Rideal. 
(Roy. Soc., Proc. 105. pp. 135-148, Feb. 1, 1924.)—An electrode of 
special type is described which allows of the comparison of the potentials 
of certain substances behaving irreversibly towards the platinum electrode. 
By its means the action of cerous salts in effecting the induced oxidation 
of potassium arsenite, and the catalytic oxidation of five reducing sugars, 
have been investigated from the standpoint of the oxidation potential. 
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In the former case the potentials, in order of increasing oxygen pressure, 
follow the series : Cerous salt (inductor), arsenite (acceptor), equilibrium 
mixture, perceric salt, and in the latter case the series: Reducing sugar, 
cerous salt, perceric salt, these being in agreement with theoretical 
considerations. f - P. 


1616. Catalytic and Induced Reactions. Part II. Catalytic and Induced 
Oxidation in the Presence of Iron Salts. A. K. Goard and E. K. Rideal. 
(Roy. Soc.. Proc. 105. pp. 148-164. Feb. 1. 1924.)-So-called Schonbein’s 
reaction, that is. the separation of iodine from potassium iodide solution 
in presence of hydrogen peroxide and a ferrous salt, is shown, on investi¬ 
gation from the standpoint of oxidation potential, to depend on the 
intermediate .formation of an iron peroxide by the action of hydrogen 
peroxide on the ferrous salt. The decomposition of this peroxide has 
been followed by means of potential measurements and is found to obey 
a monomolecular law ; electrometric titration shows that it has the 
formula Fe 2 0 5 . T - H - P ' 


1617. Determination of Hydrogen-Ion Concentration by a Speetro-Photo- 
metric Method, and Absorption Spectra of Certain Indicators. W. R. 
Brode. (Am. Chem. Soc., J. 46. pp. 581-596. March. 1924.)-In the study 
of the absorption spectra of dyes and other coloured organic substances 
in aqueous solution, it is necessary to know the hydrogen-ion concentration, 
which affects the shape and intensity of the absorption band. In order 
to obviate tho necessity for a colorimeter or other special apparatus, a 
spectro-photometric method is suggested which requires no apparatus 
other than that used for measuring the absorption band. 

It i9 found that change in the hydrogen-ion concentration of a dye 
solution is accompanied by gradual change, not of the wave-length, but 
of the height, of the absorption band. Similarly, the absorption bands 
of indicators do not change in wave-length with alteration in hydrogen- 
ion concentration but vary in intensity, while, in most cases, another band 
proceeds in the opposite direction at the same time. If the concentration 
of indicator is the same in all solutions, the hydrogen-ion concentration of 
an unknown solution may be determined by comparison of the height of 
its absorption band with those obtained from solutions of known hydrogen- 
ion concentrations. Any absorption due to the colour of the original solu¬ 
tion may be counteracted by use of such solution in the comparison cell. 

T. H. P. 


1618. Hydrogen-Ion Concentration Measurements. W. T. Bovie. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 7. pp. 1235-1244. Dec.. 
1923.)—In a concentration cell with one constant and one variable elec¬ 
trode the e.m.f. is connected by a linear relation with log 10 (l/ c ). where 
C is the hydrogen-ion concentration of the solution bathing the variable 
electrode. The rate of variation of the e.m.f. with log, 0 (l/Q depends 
on the temperature, and a potentiometer method is here described in 
which the sliding contact is arranged to read off the hydrogen ion con¬ 
centration directly, and without using a separate scale for every tempera¬ 
ture. Two forms are described. In one a galvanometer, in the other 
a quadrant electrometer, is used as the null instrument. The latter has 
the advantage that the cell is always an open circuit, and can therefore 
be made of any convenient smallness. 
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The sliding contact may be set at the hydrogen-ion concentration 
of the equivalent point in an electrometric, titration, and alkali or acid 
added till the electrometer deflection is zero. This gives always a more 
rapid, and usually also a more precise indicator of equivalence than the 
most elaborate of colour methods. G. A. S. 

1619. A New Method for the Determination of the Potential of the Alkali 

Metals. G. Triimpler. (Zeits. Elektrochem. 30. pp. 103-109, March. 
1924.)—It is found that the potential of an alkali or alkaline earth metal 
may be measured against an aqueous solution if the metal is surrounded 
with a protective electrolyte, i.e. a layer of a solid salt of the metal in 
question. In the case of sodium, Thiiringer glass was found to be a suitable 
material, and gave a value for the potential of the sodium of 2-72 volts, 
which agrees with the value derived by indirect methods. Experiments 
show that the glass behaves towards a saturated solution of sodium 
chloride practically as a sodium electrode. Further work is in progress 
using sodium chloride in place of the glass. B. W. C. 

1620. Critical Potentials of Hydrogen in Presence of Nickel Catalyst. 
A. W. Gauger. (Am. Chem. Soc.. J. 46. pp. 674-680, March, 1924.)— 
In order to obtain information on the nature of the adsorption of hydrogen 
by nickel, the ionisation and resonance potentials of hydrogen adsorbed 
on a nickel surface have been investigated. The method used involves 
the generation of radiation by electronic bombardment of the substance, 
impact of this radiation on a platinum plate producing a photoelectric 
current, which is studied as a function of the accelerating potentials 
applied to the electron causing the radiation. Discontinuity in the rate 
of increase of the photoelectric current is interpreted as an indication of 
the excitation of characteristic radiation. Seven critical potentials of 
hydrogen in the presence of nickel catalyst arc determined in this way, 
four being attributed to the atom, two to the molecule, and one to the 
nickel-hydrogen complex. The results are regarded as indicative of the 
presence of atomic hydrogen in the system, hydrogen-nickel catalyst. 

T. H. P. 

1621. Electro-Titration with the A id of the A ir Electrode. N. H. Furman* 
(Am. Electrochem. Soc., Trans. 43. pp. 79-86; Disc., 86-88, 1923.)— 
The author has extended his previous work on the use of the air electrode 
in electro-titration in the presence of strong oxidising agents [see Abstract 
593 (1923)]. Mixtures of chromate and dichromate may be analysed in 
this manner. The method does not give an exact measurement of hydro- 
gen-ion concentration, but is useful in relative determinations. Industrial 
applications of the air electrode in controlling processes arc described. 

B. W. C. 

1622. Change in the Electromotive Force between a Metal Plate and a 
Solution on being Suddenly brought into Contact. R. D. Kleeman and 
R. H. Bennett. (Phys. Rev. 22. pp. 629-632, Dec., 1923.)—Experiments 
are described on various metals and solutions in which the e.m.f. develop¬ 
ment with time between a plate of metal immersed in a solution and another 
plate of the same metal introduced suddenly into the solution is noted. 
The results indicate that the process of establishing a p.d. between a metal 
plate and a solution possesses marked inertia, in agreement with the 
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transition layer theory of the c.m.f. of a cell previously suggested. [See 
Abstract 235 (1923).] A. R. C. L. 

1623. Potentials of Poisoned H-O Electrodes. N. Isgarischew anil E. 
Koldaewa. (Zeits. Elektrochem. 30. pp. 83-86, l*'eb., 1924.)—The authors 
place the platinised platinum electrode in a glass cell which contains 
sulphuric acid and is joined to a calomel electrode. The potential of the 
H electrode having been determined, the poison, also dissolved in sulphuric 
acid, is then introduced into the cell through a pipette. All the poisons 
tried, KCN f HCN, AsgOs, H 2 S. brucine, and quinine, reduced the potential 
(AS 2 O 3 the most, the least), but the potentials recovered in the course 
of several hours, most quickly with arsenious acid. The potentials of 
oxygen electrodes in caustic potash were similarly, and even more strongly, 
reduced by the poisons, but there was hardly any recovery. The effects 
are ascribed to the formation of compounds (not only hydrides and oxides), 
which are further to be investigated. Attention is drawn to the similar 
work of Sieverts and Liieg (Zeits. Anorg. Chem. 126. p. 193 (1923)1 and to 
the poisonous effects of KCN on the catalytic oxidation of PO 0 H 3 by 
means of PdCI.», in which palladium is reduced, as shown by A. N. Bach. 

H. B. 

1624. The Influence of Gelatin on the Transference Numbers of Hydro¬ 
chloric Acid. W. G. France and W. H. Moran. (Am. Chem. Soc.. J. 
40. pp. 19-30. Jan., 1924.)-r-The transference numbers for 0* 1 M and 
0 01 M hydrochloric acid arc found to be changed by the addition of 
gelatin, which reduces the effective hydrogen-ion concentration and also 
alters the conductivity. These facts considered in conjunction with the 
value of the boundary potentials apparently substantiate the theory that 
gelatin reacts with acids to form an adsorption complex, or additive 
chemical compound which dissociates as such, the hydrogen ion of the 
acid losing its identity. Similarly, with a base the hydroxyl ion would 
lose its identity, while gelatin should have no action on a neutral salt. 

R. W. C. 

1625. Transference Numbers and Ionic Complexity of Hydrofluoric-Acid 

Solutions. C. W. Davies and L. J. Hudleston. (Chem. Soc., J. 125. 
pp. 260-268, Jan., 1924.)—Determinations of transport numbers in solu¬ 
tions of hydrofluoric acid, ranging from 0*016 to 2*3 N show a uniform 
increase of the transport number of the anion from 0*13 to 0*338 as the 
concentration increases. Pick’s assumption of the formation of a complex 
ion, HF^, being thus confirmed. The equilibrium constant of the reaction, 
HF + F = HF^ is found to be K, = 4*7, and the approximate value, 75, 
is derived for the mobility of the hydrofluoridion. The concentrations of 
the three ions over the above range of concentration of the acid have been 
determined. T. H. P. 

1626. Electrolytic Purification of Precipitates. A. Charriou. (Comptes 
Rendus, 178. pp. 934-936. March 10, 1924.)—On subjection of an insoluble 
substance, holding absorbed a soluble substance, to the action of an electric 
current, the absorbed substance passes completely into solution and 
migrates towards the electrode of opposite sign to that which it itself 
bears. This phenomenon may be applied to the purification of precipitates 
from entrained salts. Thus, precipitated aluminium hydroxide may be 
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freed from chromic acid, permanganic acid, sulphuric acid, lime or baryta, 
and ferric oxide from chromic acid. The method is, however, applicable 
only to precipitates which are completely insoluble, slightly soluble 
precipitates, such as barium sulphate, undergoing gradual dissociation and 
dissolution under the influence of the current. T. H. P. 


1627. Granular Carbon Resistance Furnaces. M. M. Austin. (Indust, 
and Engin. Chem. 16. pp. 156-157, Feb., 1924.)—Two types of granular 
carbon furnaces are described which are adapted for laboratory use at 
temperatures of 1600° to 1700° C. In a vertical type as shown in the dia¬ 
gram, an enclosure 10 cm. in diameter and 15 cm. deep fe heated uniformly 
by a current of 200 to 400 amps, at 30 to 70 volts. The lower electrode 
is bricked in as shown, leaving a central cylindrical opening 22-3 cm. in 
diameter and 35-5 cm. deep. The wood former is put in place making 
sure that it is centrally placed with respect to the depression cut in the 
lower electrode and a layer of very stiff alundum is rammed in about it 



to a depth of 25-5 cm. This cement can be put in so dry that the former 
can be removed immediately and the top and bottom of the lining shaped 
as indicated. The furnace is then dried as thoroughly as possible and the 
inner tube, resister material (consisting of carbon), and iron ring are 
inserted. Small amounts of the resister material should be filled at one 
time and worked down with a small rod. The inner tube must be centred 
so as to give a uniform section of carbon about it. A refractory support 
enables the crucible to be placed in the zone of maximum temperatures. 
A second type, which is described, is of a horizontal design. J.N. P* 

1628. Electrolytic Separation of Silver, Copper, and Bismuth by Graded 
Potentials. A. Lassieur. (Comptes Rendus, 178. pp. 847-849, March 3, 
1924.) —The separation of these metals has been effected in the Kling- 
Lassieur apparatus, following the procedure described in Abstract 1047 
(1924). Silver and copper can be separated in nitric acid solution when a 
small amount of mercury is added to render the silver deposit adhesive. 
Silver and bismuth are easily separated in the same way if the auxiliary 
potential is rigorously controlled. Bismuth and copper are separated 
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in ammoniacal solution, if the procedure described is closely followed. The 
above processes are especially satisfactory for analytical purposes. 

B. W. C. 

1629. Depolarisation of the Chlorine Electrode by Organic Compounds. 

M. A. Youtz. (Am. Chem. Soc., J. 46. pp. 545-554, March, 1924.)— 
Anode decomposition potential measurements made with various organic 
compounds in potassium chloride or hydrochloric acid solution show little 
or no depolarisation to indicate chlorination of the substance, although 
at higher current-densities chlorination will occur. It is found possible 
to chlorinate acetic acid when mixed with HC1, using a carbon anode. 
The depolarisation observed at a Pt anode in such a mixture is shown to 
be due not to chlorination but to the different free energies of HC1 in 
that solution and in water. When chlorine overvoltage is developed at a 
Pt anode and acetone, acetic acid, or other organic compounds arc added, 
no potential drop occurs, showing no depolarisation is taking place. It is 
concluded that the anode decomposition method is unsuitable in deciding 
whether or not organic compounds can be chlorinated. B. W. C. 

1630. Electro-Chemistry of Acid Tin Baths. F. Halla. (Zeits. Elektro- 

chem. 30. pp. 124-138, March, 1024.)—The precipitation of tin from 
solutions containing hydrofluosilicic acid was studied. The dependence 
of the stanni-stanno, and the tin stanno potentials upon the acidity of 
the solutions was investigated. The current density-potential curves 
of tin in fluosilicic acid and other solutions were determined, and the 
influence of additions of other salt, and the depolarising effect of oxygen 
from the air were followed. The r6le played by the addition of boric 
acid, tartaric acid, formic acid, etc., to fluosilicic acid tin baths is explained 
by the action of colloids. From the variation of the potential, and the 
current density-potential curves in solutions, in which the stannous ions 
were oxidised by H 2 02 , it was shown that the velocity of oxidation of 
dilute Sn + + solutions was less than the velocity of decomposition of H 2 Oo 
by catalysis with smooth platinum. F. J. B. 

1631. Cataphoretic. Migration of Suspended Particles. P. Debye and 
E. HUckel. (Phys. Zeits. 25. pp. 49-52, Feb. 1, 1924.)—In an electric 
field of intensity X, small particles travel with a velocity V proportional 
to X. According to Helmholtz the particles will assume a potential <f> 
against the liquid, and there will be electrostatic attraction or repulsion 
between the charge and the ions of the surrounding liquid in the ionic 
atmosphere, the space charges in which have been investigated by Gouy, 
Chapman, and by the authors [Abstract 2541 (1923)]. In many circum¬ 
stances the distribution of the charges in that atmosphere is unimportant. 
But the field X would make the particle wander to the right and would 
also drive the atmosphere to the left, and the resulting V will be smaller 
than it would be in the absence of that atmosphere. The formula of 
Smoluchowski, V = D<f>X./47rrj, is generally accepted, where D is the 
dielectric constant and rj the friction constant of the liquid. V depends 
not only on the distribution of the charge in the atmosphere, but also on 
the shape of the particle. The authors prove mathematically that the 
formula only holds generally as long as the thickness of the atmosphere 
is small by comparison with the dimensions of the particle, and that the 
factor 1/4 n cannot always have that value. For a cylinder 1/47T will 
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be correct; for a sphere it should be 1/67T. Concrete cases are not worked 
out. H. B. 

1632. The Influence of the Intermediate Oxides on the Electrolytic Short- 
Circuit Effect. C. F. Holmboe. (Zeits. Elektrochem. 30. pp. 88-90, 
Feb., 1924.)—It is found that a film of nickel 0-05 mm. thick will practically 
eliminate the " passivity ” of an iron anode in caustic soda solution. 
The short-circuit effects previously described [see Abstract 701 (1924)] 
arc due to the formation of a superoxide at the surface of the anode during 
the electrolysis, which causes a current to flow when the cell is short- 
circuited. B. W. C. 


1633. Intermittent Current Electrolysis. Part III. The Measurement of 
Overvoltage. S. Glasstone. (Chem. Soc., J. 125. pp. 250-260, Jan., 
1924.)—The method used is that referred to in Abstract 705 (1924), lead 
being used as an electrode. The value of the potential of the polarised 
electrode was measured at known intervals after the polarising current 
was switched off. The results were plotted as potential/time curves, 
and the curves were extrapolated so as to obtain the value of the potential 
at the time of breaking the circuit, and hence the overvoltage at that 
moment. Results are given for both anodes and kathodes. At low 
current-densities the results obtained are almost identical with those 
obtained by the direct method, but with larger currents there is greater 
divergence. The author considers that the direct method is the most 
convenient one for the measurement of overvoltage. He is of opinion 
that the difference between the values obtained by the direct method 
and those by extrapolating is probably due to the existence of a metal- 
gas-electrolyte system situated at the surface of the electrode. 1 he surface 
resistance at a lead electrode of 1 sq. cm. area in normal sodium hydroxide 
or normal sulphuric acid is not more than 4 ohms. The author is of ie 
opinion that the existence of a " transfer resistance *’ which is very great 
at low current-densities is doubtful. "• 


1634. The Influence of Fluorides on Overvoltage. N. Isgarischcw and 
D. Stepanow. (Zeits. Elektrochem. 30. pp. 138—143, March, 1924.) 

is found that a maximum elevation of the overvoltage occurs at an0 . 
of platinum, silver, gold, and carbon in sulphuric acid when the fluon c 
concentration reaches a certain definite value. This is due to the formation 
of a film of oxyfluoride on the surface of the metal, which, however, > 
dissolved when the fluoride concentration is increased. The discharg 
potential curves of platinum electrodes were investigated and the resul s 
indicate the formation of oxide-films of PtC>4, PtC> 3 , PtC> 2 , PtO , in 
presence of fluorine, oxyfluorides are also formed. 

1635. Effect of Pressure on Overvoltage. S. J. Bircher and W. D. 
Harkins. (Am. Chem. Soc., J. 45. pp. 2890-2898, Dec.. 1923.)—The 
results of the experiments here described show' that the effect of pressur 
on the potential of a kathode at which hydrogen is being liberated is 
general very small at pressures between 760 mm. and 11 mm. ; the slig 
changes which occur are due to bubble expansion and consequent shielding 
of the kathode and to increased stirring caused by the more rapid bubb e 
liberation at low pressure. Overvoltage defined with reference to 
reversible hydrogen electrode increases as the pressure is decreased, t 
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increase being paralleled entirely by a decrease in the potential of the 
hydrogen electrode. Between 760 mm. and 11 mm. the range of variation 
of the overvoltage is about 50 millivolts. 

The data obtained are discussed in relation to Machines and Adler’s 
theory of overvoltage [Abstracts 359 and 973 (1919)), according to which 
E = (3RT/2 pr) . y, where E is the overvoltage, p the pressure in the 
bubbles, r their radius, and y the surface tension of the liquid. These 
authors conclude that the bubble radius is practically constant for 
different pressures, so that the overvoltage should vary inversely as the 
pressure and thus increase very Tapidly as low pressures arc approached. 
The results now described indicate that the overvoltage increases with 
decrease of pressure only to the extent that the hydrogen electrode 
potential decreases, that is. as the logarithm of the pressure. The fact 
that earlier work in the authors' laboratory gave for a number of inactive 
metals the same temperature coefficient of overvoltage, which decreases 
by 2 millivolts per degree in 01N sulphuric acid seems to imply that 
the surface tension of the liquid is an important factor in overvoltage. 
According to the above facts. Maclnnes and Adler’s theory is a partial 
rather than a complete theory of overvoltage. The overvoltage at a 
mercury meniscus in dilute sulphuric acid increases as the large bubble 
at the top of the meniscus becomes larger and decreases suddenly when 
the bubble escapes. T. H. P. 

1636. The Dependence oj Polarisation Overvoltage on Hydroxyl and 

Hydrogen-Ion Concentration. Part /. Antimony Kathode in Aqueous 
Alkaline Solution. H. J. S. Sand and E. J. Weeks. (Chcm. Soc., J. 125. 
pp. 160-168, Jan., 1924.)—The authors have extended their previous work 
on polarisation overvoltage of antimony kathodes (Chcm. Soc. J. 1923, 
123. 456). In alkaline solutions, this is determined by the equation 
w =* a — 2 h. in which h is the pH voltage, and a is a constant depending 
on the temperature. This is explained by the assumption that an ion 
H(CH) 2 exists which has a definite super-solubility limit. When a 
sufficient number of these ions have assembled, they will decompose 
simultaneously with the formation of a gas bubble, which is a satisfactory 
explanation of the observed facts. The conclusion is arrived at that the 
identical overvoltage — pH relation should be obtained for other metals 
which act as indifferent kathodes in alkaline solution. li. W. C. 

1637. The Preparation of Fused Zirconium. H. S. Cooper. (Am. 
Elcctrochem. Soc.. Trans. 43. pp. 216-225; Disc., 225-230. 1923.)— 
In the course of certain alloy investigations a considerable quantity of 
zirconium was needed to pursue the work, and its preparation in the 
laboratory became necessary. Although nothing novel is claimed for 
the process described, there are a number of interesting features and 
essential precautions involved in the production of the metal, which are 
considered of sufficient importance to be published in some detail. 
Experimental data relating to the melting-point of zirconium metal arc 
also given, as well as a brief description of some new alloys. After con¬ 
sideration of .the various methods employed in the past, it was decided 
to adopt the method, in which zirconium tetrachloride is reduced by 
sodium. The furnace used in the preparation of zirconium tetrachloride 
was of the horizontal, wire-bound tube type, in which temperatures up 
to 1000° C. are obtainable. The carbide was placed in silica or alundum 
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boats approximately 3x6x1 in. deep. These boats held approxi¬ 
mately 8 oz. of material each and were inserted in a fused silica tube 
which fitted snugly into the furnace. The diameter of this vitreosil tube 
was about 3 in. and the length about 3 ft. One end of the tube was 
fitted into a terra-cotta condenser by means of a thick rubber stopper. 
The other end of the condenser was also scaled with a rubber stopper 
of equal size, in the centre of which was an opening for the chlorine outlet 
tube. This condenser was approximately 12 in. in diameter by 18 in. 
long. After placing the carbide in the boats the tube was sealed and 
the current applied until a temperature of 500° C. was indicated by a 
thermo-electric pyrometer, the couple being adjacent to the outside wall 
of the silica tube. At this time a stream of chlorine was allowed to pass 
over the carbide, the temperature being held as close to 500° or 550° C. 
as possible, since this seems to be the best temperature from the stand¬ 
point of selective separation of the iron. 

The furnace used for the reduction of the zirconium tetrachloride 
was 21J in. in height, and had an outside diameter of 6 in. It consisted 
of two parts, the upper containing the periscope for observing the tempera¬ 
ture of the reaction, and a tube connecting with the vacuum pump. The 
lower part of the furnace consisted essentially of a cylindrical tube having 
an inside diameter of 5 in. and J-in. wall, to which a base is welded, the 
upper part having a 5-in. opening with a welded steel collar. The height 
of the cylinder was 13 in. and the collar If in. in diameter. Just below 
this collar is a tlircaded plug in which the terminals are placed to conduct 
the current to the inside of the cylinder. A lead gasket was used betw-ecn 
the top and the base to make an absolutely air-tight joint. The heating 
unit consisted of an alundum core wound with nichrome, and was 2J in. 
inside diameter by 9 in. long. Between the outside wall of this core 
and the steel shell the space was insulated with sand. The steel cylinders 
in which the zirconium tetrachloride and sodium were packed, were 
8J in. long by If in. in diameter, and were provided with screw tops. 
Dense crystaUine zirconium tetrachloride only was employed to ma e 
the metal, since it was more permanent in air and permitted a grea 
weight of material to be used per charge, due to the smaller v0 ura ’ 
The amount of chloride and sodium used for each reaction was baseu 
upon the equation : ZrCU + 2Na z = 4NaCl + Zr. The thcorc 
amounts would therefore be 232 g. of chloride plus 92 g. of sodium, tm 
yielding about 90 g. of metal. In actual practice 230 g. of chlonde 
92 g. of sodium were used, as the slight excess of the sodium can be easy 
washed out. and a complete reduction of the tetrachloride was thus assure. 

Zirconium chloride and sodium in the proportions given above we 
rapidly placed in alternate layers in the iron cylinder, the cap was tign«y 
screwed on. and the cylinder inserted in the furnace. /he furnace P 
was then bolted tightly on. and the cylinder exhausted. At tins si « 
the current was applied and within a short time a temperature ot wu 
to 600° C. was reached. Close observation at this point showed a suaae 
rise in temperature, the cylinder reaching about 900° to 1000 C. 
was held at this temperature for a short time, the current was turn 
off. and when the cylinder had become cold the pump was cut 
the furnace opened. If this procedure be carefully followed, metal na 5 
the following approximate percentage analysis will be obtameo. 
Zr 99-28, Fe 0-14, Ti 0-13, Si 0-07, Total 99-62. The metal sunew 
little loss' either in concentrated or in dilute hydrochloric or nitric aci , 
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even when boiled therein. It is also practically insoluble in dilute sul¬ 
phuric acid, but dissolves completely in boiling concentrated sulphuric 
acid - J. 15. C. K. 

1638. Electrolytic Oxidation of Eugenol. A. Lowy and Catherine M. 
Moore. (Am. Electrochem. Soc.. Trans. 42. pp. 273-284, 1922.)—Con¬ 
trary to the claim of Ger. Pat 92007 (1897), no appreciable proportion 
of vanillin could be obtained by the electrolytic oxidation of isoeugenol. 
The latter is highly susceptible to oxidation to a wide variety of possible 
products and vanillin itself is readily oxidised clectrolytically. T. H. P. 

• 

1639. Electrolytic and Chemical Chlorination of Benzene. A. Lowy and 
H. S. Frank. fAm. Electrochem. Soc.. Trans. 43. pp. 107-117, 1923.)— 
Benzene may be chlorinated by stirring it with either hydrochloric acid 
or aqueous sodium chloride and electrolysing the mixture. The yield of 
chlorobenzene is increased by introduction of iodine as a carrier and by 
increase of the temperature up to 60 °. and is affected by the efficiency of the 
stirring. The quantity of more highly chlorinated products formed 
generally increases as the temperature is raised, and the amount of benzene 
decomposed to carbon dioxide by anodic oxidation increases at the same 
time. The proportion of product insoluble in alkali increases rapidly with 
increase in the current-density. In the chemical chlorination of benzene 
water acts as a carrier, no substitution taking place when dry chlorine is 
passed into dry benzene, although additive products are then formed. 

T. H. P. 


1640. Electrolytic Deposition of Nickel in Disperse Form. F. Thor6n. 
(Zcits. Elektrochem. 30. pp. 20-29, Jan., 1924.)—In order to study the 
properties and sizes of the nickel particles deposited from solutions at 
various concentrations and kathode current-densities as well as the kathode 
potentials, the authors surround a wire of nickel, 3 mm. in diameter, in 
a solution of nickel nitrate (neutral or ammoniacal) with a tubular anode 
of nickel foil, through which the electrolyte is drawn downwards by a 
stirrer. The electrodes are stationary; the kathode is previously etched 
with alkali and nitric acid. The deposit obtained is scraped off the 
kathode by means of filter paper and examined ; the kathode is then 
etched again for a new experiment. The concentration ranged from 
0 005 to 01 n and the current-density from 2 up to 1600 milliamps. per 
sq. cm. The author distinguishes two main types of deposits: a homo¬ 
geneous, hard grey and adhesive deposit, and a dark-black soft disperse 
deposit of egg-shaped particles; the deposits were never crystalline; 
some nickel hydrate was also deposited. The current-density at which 
the deposit becomes disperse (inversion) increases with increasing nickel 
concentration and is smaller in ammoniacal than in neutral solutions. The 
size of the particles ranged from 0-3 to 2-5 /z, increasing for each concen¬ 
tration with increasing current-density to a maximum, then falling off 
or remaining constant. The differences between the two types are not 
due to different sizes of particles. The changes in the appearance go more 
or less together with the evolution of hydrogen which, however, may set 
in before or after the visible changes. Ammonia is also liberated at high 
current-densities, even from neutral solutions. When a change takes 
place the potential of the kathode becomes more negative by 0 08 volt. 
To determine this potential another cell arrangement has, however, to 
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be used, intermittent currents being applied, as le Blanc had done in the 
study of ammonium amalgams. H. B. 

1641. Formation of Iodide of Hydrogen by the Silent Discharge. E. 

Warburg. (Zeits. f. Physik, 21. 6. pp. 372-380, 1924.)—To explain the 
phenomena bringing about chemical action in the silent discharge quantita¬ 
tive experiments are necessary, so that the amount of chemical action 
and its dependence upon the physical conditions can be measured. In 
the present paper the formation of HI from I 2 and H 2 is dealt with. A 
current of hydrogen charged with iodine vapour is led through a Siemens 
tube and the ratio .of the HI formed to the I 2 entering the tube in depen¬ 
dence upon the vapour pressure of the iodine, on the velocity of the gas 
current, as well as on the p.d. and current, is measured. The observations 
are carried.out at three different temperatures: (a) Room temperature, 
(/>) 30° C., and (c) 40° C. It is shown by the results obtained that the 
current not only causes HI to be formed, but also decomposes HI. This 
result is discussed, making the assumption that the formation of HI is 
proportional to the I.» concentration. TJie results obtained are compared 
with those obtained using other gases in the silent discharge in Siemens 
tubes. . AEG ’ 

1642. The Electrolytic Production of Chlorate with a Chromium-Coated 
Kathode. G. Grube and A. Burkhardt. (Zeits. Elektrochcm. 30. 
pp. 67-72, Feb., 1924.)—The kathodic reduction of the hypochlorite and 
chlorate produced by the electrolysis of alkali chlorides without the use 
of a diaphragm is almost entirely prevented by the use of a kathode coatc< 
with chromium, probably ov^ing to the protective action of the oxidation 
products of chromium which are formed. A rough surface is better than 
a polished one for this purpose. The technical application of this metntxi 
will depend upon the durability and adhesiveness of the chromium coating, 
which is deposited on iron electrodes by a specially devised process. 


1643. Preparation of 3: V-Diaminodiphcnylsulphone by Electrolytic 
Reduction of 3 : X-Dinitrodiphenylsulphone. J. Lacroix. (Comptes c * 
dus, 178. pp. 483-486. Jan. 28. 1924.)-This reduction gives a 94 •■> /o 
yield when an alcoholic solution of the dinitro-compound acidified w 
hydrochloric acid is used as the kathode liquid and the kathode coasts 
of nickel foil covered with spongy tin. the anode being of lead and immerse 
in 10 % sulphuric acid. The kathode liquid is kept in agitation and a* 
68-72°. " 


1644. Electrolysis of Potassium Oleate. G. W. F. . . 

J. E. W. Rhodes. (Chem. Soc.. J. 125. pp. 438-442, Feb., 19 •) 

Determination of the "apparent transport number" for xr the "SSTat 
ion of potassium oleate gives the value of 0-725 in 0-2N solntl ° t 
15-16°. This high value renders it probable that potassium is pre 
in an anion involved in the electrolysis. The principal product forme^ 
at the anode consists of oleic acid. T ' ' ' 
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1645. Annual Report of the International Time Service for 1923. G. 

Bigourdan. (Bull. Astronomique, 3. No. 3. pp. 361-392, 1923.)—A 
detailed account of the time signals sent out from Lyons, Bordeaux, and 
Paris (Eiffel Tower), and of the behaviour and regulating of the clocks 
used for determining the time. M. A. E. 

1646. The Time Service of the Paris Observatory. G. Bigourdan. 
(Bull. Astronomique. 3. No. 2. pp. 265-329. 1923.)—[See Abstract 1017 
(1923).] 

1647. The Interrelations of Modem Physics and Modern Psychology. 
L. T. Troland. (Frank. Inst., J. 197. pp. 479-504, April. 1924.) 

• 

1648. Density and Viscosity of Acetone at Low Temperatures. E. H. 

Archibald and.W. Ure. (Chem. Soc., J. 125. pp. 726-731, Marth, 1924.) 
—Acetone has the following densities at various temperatures : 0°, 0 - 8140 ; 
-10°,0*8251; -20°,0*8370; -30°,0*8473; -40°.0*8575; -50°.0-8777 .• 
-70°,0*8884; —80°.0*9002; and—90°. 0*9117. Thevaluesof the viscosity 
in absolute units are: 0°. 0*00389; -10*6°.0*00451; -20*4°, 0*00517 ; 
-30*3°, 0*00613; -40°, 0*00713 ; -49*9°. 0*00818; -59-7°. 0*00981 ; 
— 69*7°,0*01200; —79*7°,0*01605;and—89*7°. 0*02051. Theincreascin 
the viscosity per degree is doubled with change of temperature from —25° 
to —86°. this variation possibly accounting to some extent for the high- 
temperature coefficients of conductivity found for solutions of organic 
substances in the liquid halogen hydrides. * T. H. P. 

1649. The Densities and Specific Volumes of Sodium Chloride Solutions 
at 25°. R. E. Hall. (Washington Acad. Sci., J. 14. pp. 167-173, April 
19, 1924.)—-The densities and specific volumes of sodium chloride solutions 
at 26° C. and at concentrations up to 25*5 per cent, are presented. They 
have been determined with an accuracy of 5 parts per million. 
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1650. Density and Diffusion of Gases Measured by Displacement Inter¬ 
ferometry. G. Barus. (Nat. Acad. Sci., Proc. 10. pp. 153-155, April, 

1924.)—The pressure due to a column of gas (< e.g . coal gas). 68 cm. long, is 
compared by means of the interferometer U-gauge [see Abstract 1 (1922)] 
with thafcdue to an identical column of air. The progress of diffusion at 
the ends of the gas column is measured by observing the displacement of 
the interference fringes at regular intervals of time. J. S. G. T. 

1651. Matters of Special Interest in Precision Metrology. A. P6rard. 
(Rev. d’Optique. 2. pp. 506-511, Dec.. 1923.)—It is desirable that a 
precise definition should be given of the exact method of making a setting 
with a microscope on a line graduation. This definition might be, " to set 
the microscope so as to obtain equality of the luminous areas between the 
lines of the microscope graticule and the edges of the line upon which 
the setting is made.'* There is a personal error in making this setting, 
due to the right and left asymmetry of the observer’s eye. This error may 
be eliminated by taking two sets of observations in such positions that the 
right and left of the eye are reversed with respect to the microscope. To 
eliminate the fogging of microscope objectives, especially with heated bars, 
the mounting of the objective may be surrounded with small coils of 
electrically heated wire, so that the temperature is raised several degrees. 
To avoid torsional forces on bars, these may be furnished at their points 
of support with circular mountings having their centres on the neutral 
axis of the bar, which then rests freely on a horizontal plane. J. W. T. W. 

1652. Surface Tension Measurements in a Magnetic Field. Winifred 

L. Rolton and R. S. Troop. (Phys. Soc.. Proc. 36. pp. 205-207 ; Disc., 
207-209, April, 1924.)—Using the method of measuring surface tensions 
for small quantities of liquids recently described by A. Ferguson (Abstract 
728 ( 1924 )] tests have been made of the effect of a magnetic field on the 
surface tensions of solutions of ferric and manganese chlorides. VV ith a 
field of 16,000 Gausses no effect is observed, indicating no change as great 
as 4 in 10,000. In the discussion D. Owen points out that from energy 
consideration no observable effect is to be expected. G. 

1653. The Measurement of High Vacua. H. Stintzing. (Zeits. Phys. 
Chem. 108. pp. 70-81, Jan., 1924.)—A method is developed for the measure¬ 
ment of low pressures, which is*based on the observation of the ^mmous 
appearance when the gas, which is contained in a narrow tube, is submittea 
to the discharge from an induction coil. The range of pressures as measurea 
by the McLeod gauge, over which the discharge is observed, is irom 
10 mm to 10mm. The characteristic discharges obtained at different 
pressures are noted. The method is less definite than that of a compression 
method, as in the McLeod gauge, but it is more rapid and is applicam 

to lower pressures. .. . 

A system is described in which both the above principles are appueo- 
The gas from a reservoir of 0-1 to 10 litres capacity is compressed into a 
capillary of 0 • 1 c.c. volume, through which aluminium electrodes attache 
to platinum wires are sealed. The rarified gas is compressed into the 
calibrated capillary tube until one or other of the characteristic discharges 
is obtained when the volume is estimated from the height of mercury in 
the capillary, and the pressure is obtained from the difference of heigh 
of the mercury column in the measuring tube and that in a vertical tube 
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alongside. Pressures as low as 10- 10 mm. are thus measured. The 
influence of the mercury vapour on the type of discharge is minimised 
by lowering the temperature of the mercury in the reservoir from which 
the compression is effected. This cooling is brought about by surrounding 
the reservoir with a vessel in which ether is evaporated. J. N. I*. 

1654. Measuring Compressibility of Solids by an Interferometer Method. 
H. C. Bates. (Roy. Soc. Canada,Trans. 17. Sect. 3. pp. 93-101, 1923.)— 
Experiments are described in which the compressibility of solids is measured 
by a new method over a range of pressure up to 200 atmospheres, and 
some results are given of measurements on crystals of fluorite cut in differ¬ 
ent directions, on quartz, brass, and on a crystal of tourmaline parallel 
to the crystal axis. The method can be used with quite small crystals, 
and is claimed to be subject to fewer errors and corrections than those of 
other investigators. Temperature effects receive special attention. 

The compressibilities found are all smaller than those determined by 
others, but are of the same order of magnitude. Fluorite shows marked 
differences between the compressibility in the different directions. In the 
case of fluorite and brass compressibility decreases with increasing pressure 
over the range dealt with, but the quartz and tourmaline show the opposite 
effect. The pressure variation for quartz is said to be larger than for 
fluorite. M. A. G. 

1655. Viscosities of Binary Mixtures of Sulphuric Acid, Potassium and 
Sodium Hydroxides. L. J. Simon. (Comptcs Rcndus. 178. pp. 1076-1079, 
March 24, 1924.)—The results of measurements of the viscosity of solutions 
containing acid and alkali in varying proportions, but in constant total 
molecular concentration show that the minimum values correspond, in 
the case of sodium hydroxide, with the formation of NaHS0 4 , and in the 
case of potassium or rubidium hydroxide with that of K 2 S0 4 or Rb 2 S0 4 . 
With mixtures of sodium and potassium hydroxides the viscosities arc 
rather lower than those calculated according to the straight line law. 

T. H. P. 

1656. Direct Reading and Recording Pyrheliometer. L. Gorczynskl. 
(Comptes Rendus, 178. pp. 1200-1201. March 31, 1924.)—A Moll theomopile 
of 80 manganin-constantan elements with a 2 cm. diameter face gives an 
e.m.f. of 90 microvolts per metre-candle, and hence can be used as a direct 
reading or recording pyrheliometer with a millivoltmeter. The lag of 
such a couple is not more than two seconds. If mounted on an equatorial 
mounting, a continuous record of the solar radiation can be obtained. 

A. Wh. 

1657. Silvering of Glass by the Formol Process. A. Cotton. (Rev. 

d'Optique, 3. pp. 67-64, Feb., 1924.)—Full directions are given for the 
preparation of the glass and bath and for carrying out the silvering by 
the formol process, which may be used for mirrors up to 20 cm. in diameter 
and gives a deposit about 60 fifi in thickness. T. H. P. 

1658. Vacuum Sealing with Wood's Metal. L. A. Welo. (Optical 
Soc. of America, J. and Rev. Sci. Inst. 8. pp. 463-454, March, 1924.)— 
Wood's metal is found to " take " very readily on to glass surfaces without 
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the use of any flux, and adheres so well as to prevent the passage of gas 
along the interface. It can thus be used as a general substitute for wax 
or cement for closing joints of different kinds. G. A. S. 

1659. Effects Produced by Chilling Glass. A. Q. Tool and C. G. 
Eichlin. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 419-449, 
March, 1924.)—Data were obtained for several glasses, but principally 
from a borosilicatc crown, used in the most extended series of experiments, 
as the results appeared in most respects representative. The glass and its 
preparation, the apparatus for the detection of thermal effects, and the 
method of packing are given. The curves for showing the differences in 
temperature between the glass and the neutral body during heating were 
obtained by plotting the deflections of a galvanometer (in series with 
the differential thermocouple) or the actual differences in temperature 
represented by them as ordinates, and the corresponding temperatures of 
the glass as abscissa*. A graphic method for analysing and comparing the 
differences between the curves of chilled and annealed glasses and for 
locating the approximate temperatures at which the critical stage begins 
and ends is illustrated and described. Changes in the form of the heating 
curves by varying the chilling temperature and the annealing periods, and 
the changes of volume caused by chilling and annealing are set forth very 
fully. The results of the many experiments would seem to show that: 
(1) cooling glass slowly through the annealing range allows some molecular 
readjustment, which may include the formation of large molecules or 
aggregates, while cooling it rapidly prevents such readjustments ; (2) such 
readjustments appear to change such characteristics of the glass as its 
density, refractive index, homogeneity, stability, etc.; (3) heating glass for 
long periods at a given temperature allows it to come to a condition of 
equilibrium which, over a wide range, varies with the treating temperature. 

T. C. H. 


1660 .A coustic Method of Depth-Sounding for Navigational Purposes. By 
the Staff of the Director of Scientific Research, Admiralty. (Nature, 
113. pp. 463-465, March 29. 1924.)—A brief summary of the methods of 
sounding at sea is given from the earliest times to the present day. For 
more than 2000 years the simple method of the " lead " was employe 
without modification— i.e. until the invention of the Kelvin sounding- 
machine. During the last few years, however, subsequent to the develop¬ 
ment of the hydrophone (or under-water telephone), methods based on 
the reception of an acoustic echo from the sea-bed have been devised in 
the U.S.A., France, Germany, and in this country. In all these methods 
a sound source transmits acoustic vibrations to the water, and the refle ^ 
sound from the sea-bed is received by means of a hydrophone, me 
methods differ in the means of determining the depth. In the German 
method the depth is estimated by measuring the intensity of the echo. 
Obviously this will be unsatisfactory in practice, for sea-bottoms of mud 
or of rock will have different coefficients of reflection. In one of the 
American methods the depth is estimated from measurements of the angle 
between the transmitted beam and the reflected beam. This method has 
given good results, but elaborate corrections are necessary when the sea¬ 
bed is not horizontal. In the French system a detonator is fired near the 
ship, and the time interval measured between the instant of firing and the 
arrival of the echo. The apparatus has been made automatic and self- 
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indicating, but has the disadvantage that a large supply of detonators is 
required to take a line of soundings over a considerable distance. 

In Great Britain attention has been paid chiefly to the development of 
a system depending on the measurement of the time interval, and a robust 
apparatus based on this principle has been designed and constructed by 
the Research Department of the Admiralty. In this apparatus the source 
of sound is a steel diaphragm set in vibration at regular intervals by a spring 
hammer controlled by an electromagnet. The receiving hydrophone is a 
simple microphone enclosed in a rubber body immersed in the water. 

A small motor, of constant speed, drives two switches, one of which 
operates the magnetic hammer of the diaphragm transmitter, and the 
other short-circuits the telephones in the receiving circuit except for small 
fraction of the revolution as determined by a small insulated segment. 
When, therefore, the apparatus is running, no sound is heard unless the 
insulating segment in the telephone switch happens to open the telephone 
circuit at the instant when the transmitter is actuated or at the instant 
when the echo returns from the sea-bottom. By a simple mechanism the 
position of the insulating segment in the telephone circuit can be displaced 
by hand relative to the corresponding pair of brushes, so that an interval 
of time proportional to the angular displacement of the brushes intervenes 
between the emission of an impulse by the transmitter and the opening 
of the telephone circuit. Hence the angular displacement gives a measure, 
in terms of the known speed of rotation of the switch, of the time taken 
for the sound to travel from the transmitter to the receiver—a distance 
approximately double the depth of the water. The apparatus has been 
tried at sea and has given very satisfactory results. For actual data the 
original paper should be consulted. A - " • 

1661. The Phonic Chronometer. A. B. Wood and J. M. Ford. (Journ. 
Sci. Instruments. 1. pp. 161-173, March, 1924 .)—A tuning-fork of adjustable 
frequency controls the speed of a small electric motor, the combination 
forming a phonic motor ; a light dial wheel can be put into gear with the 
flywheel of the motor and thrown out as required by means of an electro¬ 
magnet, being brought to rest very quickly in the latter case by means of 
an adjustable brake ; toothed dial wheels were used in some instruments, 
but a friction drive has proved quite satisfactory ; it is possible to balance 
the starting and stopping errors, so that the total error due to all causes 
is considerably less than 0-001 second. The gear ratio can be adjusted 
for by altering the position of weights attached to the ends of the tuning- 
fork, so as to make the dial readings correct; slip error is negligible. 
Chronometers have been constructed with three sets of dials, driven by a 
common motor, with which three time intervals can be measured simul¬ 
taneously or in rapid succession. A new type of tuning-fork contact is 
described, which gives constant contact pressure and constant vibration 
frequency; temperature variations of the tuning-fork were not found 
important for comparatively short time intervals; for long intervals 
Dye’s fork, constructed of " Elinvar ” steel, could be used. The time- 
constant of the electromagnet should be small; this can be arranged by- 
putting a large non-inductive resistance in series with it (a metal filament 
lamp of about 1600 ohms) and using a high voltage to get the necessary 
current. A double-break method of operation was adopted for the two 
operations of starting and stopping, so that the times taken should be the 
same ; there were two differential windings, and with equal currents the M \ 
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armature was not affected. Breaking one current brought the dial wheel 
into contact with the revolving flywheel; breaking the second current 
brought the dial wheel back against the brake. Methods of eliminating 
and compensating other errors are dealt with, and accuracy tests are 
described. The instrument has been used to determine variation of 
period of a pendulum with amplitude of swing, velocity of sound in 
the sea, psychological measurements, motor-car speeds, electrical quantity 
(current x time). H. N. A. 

1662. Atomistic Structure of Deformed Crystals in Relation to Processes 

of Solidification. R. Gross. (Zcits. f. Metallkunde, 16. pp. 18-23, Jan., 
1924.)—A summary is given of previous crystallographic observations on 
crystals deformed by simple shearing, translation, or stratification, and 
experiments on the elastic and plastic bending of plates of rock salt and 
mica arc described, which indicate the complete analogy of these plates 
with metallic crystals. Structure schemes for the two types of bending, 
based on the results obtained, are explained. T. H. P. 

1663. Auxiliary Apparatus for Use in Experiments with Gases and 
Vacua. E. Briiche. (Zcits. tcchn. Physik, 5. 4. pp. 141-143, 1924.)— 

Two pieces of apparatus, the one for delivering gas into a vacuum and the 
other for transferring gas at atmospheric pressure from one vessel to 
another, are described. J. S. G. T. 

1664. The Structure and Disintegration of Liquid Films. W. Taylor. 
(Ann. de Physique, 1. Ser. 10. pp. 134-170, Jan.-Feb., 1924.)—By equating 
the loss of potential energy when n spheres coalesce into a single sphere 
to the latent heat of condensation a value of Avogadro's number is 
obtained agreeing well with other determinations— i.e., the molecules 
seem to behave as spheres possessing surface energy and surface tension— 
and this led the author to treat molecular problems from such a standpoint. 

Proving mathematically that long cylinders or large lamina; have 
their total surface energy reduced when they disintegrate into a number 
of spheres, the author was led to expect such a mode of disintegration. 
When a small drop of oil was placed on a water surface, lightly dusted with 
powdered talc, the oil was violently detached from the fibre carrying it, 
the water surface showed a violent tremor, and the talc was brushed away 
as by a violent wind. Microscopic observation showed the surface to be 
covered with numerous distinct lenticular drops of oil, all approximately 
equal, and distributed in a hexagonal lattice. The breakdown of films 
also showed this aggregation into distinct drops, with hexagonal spacing, 
but no evidence of anything in the nature of a momo-molecular layer was 
observed. The various phenomena are described in detail, and sketches 
illustrating the stages are given. 

M. Brillouin (ibid., pp. 171-172) points out that the calculation of 
Avogadro's number above was made by A. Dupr6 in 1867. He notes that 
the maximum length of stable cylinder obtained by Wilson’s method is 
not the same as that obtained by Plateau. This is another instance of 
difference between stability for infinitesimal and for finite disturbances. 

W. G. B. 

1665. Simple Rigidity of a Drawn Tungsten Wire at Incandescent 
Temperatures. W. Schriever. (Phys. Rev. 23. pp. 25^-266, Feb., 
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1924 .)—The diameter of wire studied is 10 mils., and measurements arc 
taken up to 2000° K. Errors due to end effects are avoided by mounting 
in series and heating by the same current two lengths of the same wire 
so that the middle portions of both are at the same temperature. At the 
higher temperatures even a twist of 0 -1° per cqi. exceeds the clastic limit. 
On three successive runs made, the rigidity increased progressively, due to 
crystal growth in the temperature range above 1600° K. l'or the re- 
crystallised or equiaxed wire the values of the modulus obtained on the 
third run are, in dynes/cm. 2 , at 300° K.. 21-7 x 10“ ; at 1030° K.. 
210 x 10“ ; and at 1985° K.. 3-4 x 10“. A. B. C. L. 

1666. Internal Friction Theory of Shaft Whirling. A. L. Kimball. 
(Gen. El. Rev. 27. pp. 244-251. April. 1924.)—The idea of forces, viscous 
in nature, resisting the change of elastic distortions, is applied to explain 
the phenomena in whirling shafts. In the case of a flywheel on a horizontal 
shaft between two bearings, the result of such forces is to deflect the flywheel 
sideways. Forming and solving the differential equations, including 
terms representing the action of such forces, it is found that the displace¬ 
ment grows or decays according as the speed is above or below the whirling 
speed found by the older methods. A model, in which a central thin 
steel shaft surrounded by copper wires embedded in a viscous material 
and with such a flywheel that the critical speed was low enough to be 
seen, bore out these conclusions, and also that the speed of the whirl was 
the critical speed, and not that of the shaft. W * 

1667. Researches on Solid Friction. G. Sachs. (Zeits. Math. u. 
Mechanik, 4. pp. 1-32, Feb., 1924.)—A special testing machine is described 
by means of which the frictional resistance and amount of slipping between 
two discs rolling in contact were investigated. Observations of contact 
pressure, frictional resistance and speed were made. Experiments were 
carried out with discs of cast-iron, wrought-iron. brass, white-metal, wood 
and leather in various combinations. The rubbing edges were polished 
and the effects of wear examined under the microscope. Curves showing 
the ratio of normal contact pressure and frictional force, i.e. the coefficient 
of friction, are given for a number of different pairs of materials. Charac¬ 
teristic curves of slip plotted against the coefficient of friction arc given 
for a large number of combinations of materials, and it is shown that as 
the amount of slip increases a condition of stability is approached, accom¬ 
panied by a maximum value of the coefficient of friction. J. V. H. 

1668. Stresses in a Plate with a Circular Hole. S. Timoshenko. 

(Frank. Inst.. J. 197. pp. 505-616. April. 1924.)—The author deals with the 
distribution of stress in a plate with a circular hole in which the edge ol 
the hole is reinforced with a bead. ' * 

1669. Compressibility of the Alkali Halides. J. C. Slater. (Phys. 
Rev. 23. pp. 488-500, April, 1924 .)—Measurements have been made on 
various alkali halides by a method due to Bridgman. The measurements 
include the compressibility ’.[A = (dv/tyjr/t'o] : the chan 8 e of compressi¬ 
bility with pressure [ip 0 = (DA/Dph/A 0 ] = [(«) 2 v/‘ ) / , 2 )t/Ao 1 'o]. where *o 18 
the compressibility under zero pressure ; and the change of compressibility 
with temperature [(DA/DT )plk 0 ]. The measurements were made at 30° 
and at 76° C., and at pressures up to 12,000 atmospheres. By extrapola- 
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tion, values of k 0 at absolute zero are also obtained. It is.found that when 
*o. 'fro- or the grating space 8 0 are plotted against the alkali ion for a series 
of salts of the same alkali ion, or vice versa, the curves break sharply at 
the ion (K or Cl) similar to argon. This corroborates Bohr’s theory of 
atomic structure, which assumes a discontinuity in atomic formation at 
argon, additional electrons going into inner shells. 

Information is obtained from the measurements on compressibility 
and its change with pressure on the question of the energy of the crystal. 
This will naturally be divided into two parts, the slowly changing 
attractive energy and the repulsive energy. Evidence is given that the 
former is due to the electrical forces between the oppositely charged 
ions, as assumed by Langmuir and others, while the latter, corresponding 
to what has been roughly termed the " bumping ” of the ions, has given 
rise to various assumptions. Born, for example, gives a formula for the 
energy, <f, = -13-94e 2 /8 + 6/8". where the first term is the electrostatic 
attractive potential, and the second is the repulsive potential. The value 
for n is 9, except for lithium, where it is 5. The present results show, 
however, that there is no discontinuity between the properties of lithium 
and the other metals, and in fact the repulsion between atoms is found 
not to vary as any single inverse power of the grating space. T. B. 

1670. Priorities, or History of Mathematical Physics. E. Hoppe. 

(Zeits. f. Physik, 22. 6. pp. 397-400. 1924.)— Leonhard Euler introduced 
the concepts of vectorial addition (" Mechanik,” I, § 19, 1736 ; " Opera/' 
Ser. II. Vol. I. p. 37) and subtraction (" Thcoria Motus." Chap. Ill, §§ 143 
et seq., 1765). This order of thought led him to the calculus of varia¬ 
tions. Stevin f* Spartostatica," in *' Opera," 1634) had already used 
the expression " geometrical addition '* in reference to the parallelogram 
of forces. J. Kepler first stated the law of inertia (" Prodromus continens 
mysteriumcosmographicum," 1696; " AstronomiaNova," 1609; "Opera," 
III, p. 151), applying it to the moon (" Opera," III, p. 313) and planets 
(ibid., p. 580). J. Kepler also treated gravitation systematically (" Opera,” 
III, pp. 151 et seq.). In his " Epitome," p. 622, he calls the force of attrac¬ 
tion vis prensandi ; at p. 534 he states Newton's law correctly ; at p. 528 
he had blundered it. The principle of moments is not due to Stevin or to 
Huyghens, but to Hero of Alexandria. Hero also used the parallelo¬ 
gram of motions. Riccioli and Grimaldo were (" Almagestum novum,” 
I, p. 90, 1651) the first to make an energy-measurement of the velocity of 
a falling body ; they let the body fall on one pan of a balance and noted 
how high the counterpoise was lifted. The deviation of a plumb-line by 
a mountain occurs first in Newton's posthumous " Treatise of the System 
of the World," 1728. The equally-tempered scale was not due to Rameau, 
1722, or to Werkmeister, 1691, but was strenuously advocated by Michael 
Stifel (” Arithmetica integra," pp. 78-79, 1644), who also proposed an 
instrument with 44 tones in the octave. The true founder of the theory 
of potential (including Laplace's equation) was Leonhard Euler (Bren- 
neke’s dissertation). A. D. 

1671. On Quasi-Static Wave Motion in Barotropic Fluid Strata. V. 
Bjerknes. (Geofysiske Publ. 3. No. 3. pp. 1-24, 1923. In English.) 

1672. Similitude in Hydrodynamics. L. Escande and M. Ricaud. 
(Rev. G€n. d’fil. 15. pp. 723-725, April 26, 1924.)—Experimental deter- 
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minations of the loss of head in two geometrically similar right-angle 
bends, with ratio of linear dimensions 6:1, under heads in this ratio, 
give results within 2 % of that required by the laws of dynamical similitude. 
The pressures at various points were also measured, and the agreement 
between those of the large and small models, plotted to scale, is extremely 
good. A right-angled bend of square section-tube having glass walls was 
used to obtain photographic records of the stream lines, and the dead-water 
spaces in the angle and on the downstream inner wall are very well marked 
in the photograph, the latter extending quite halfway across the section. 

W. G. B. 

1673. An Explicit Solution of the Problem of Wave Motion in Three 
Barotropic Fluid Strata. L. Hogberg. (Geofysiske Publ. 3. No. 4. 
pp. 1-11, 1923. In English.) 

1674. A Simple Formal Solution of the General Equations of Elastic Stress. 
R. F. Gwyther. '(Phil. Mag. 47. pp* 965-972, May. 1924.) 

1675. The Theory of Anisotropic Liquids. C. W. Oseen. (Ark. f. 
Mat. Astron. och Fysik, Stockholm, 18. 4. pp. 1-25, 1924. In Germane- 
Part I of this paper deals with an investigation of C. Mauguin, who, in 
1911, published an account of the liquid-crystalline phase of azoxyphene- 
tole [Bull. Soc. Franf. de Min6ralogic. 34. 1911). Among others, 
Mauguin investigated the optical properties of a liclicoidal structure 
produced by containing the molten substance between two parallel glass 
plates, the upper one being rotated through a given angle. The phenomena 
in parallel light were explained by the simple assumption that the liquid 
consists of layers, but in convergent light so simple an explanation would 
not hold, and the present investigation seeks to find whether Oseen's 
theory of anisotropic liquids can afford the desired solution. The differen¬ 
tial equations for the conditions arc derived on the assumption that the 
molecule possesses rotational symmetry about an axis. It is found that 
between the molecular constants two relations exist which reduce the 
number of independent constants to three, and the differential equations 
are then directly integrable, leading to hyper-elliptic integrals. The first 
result of physical importance is that the pure helicoidal structure assumed 
by Mauguin is generally incompatible with the differential equations. 
The angle between the molecular axis and the normal to the plates varies 
from layer to layer, and a successful qualitative explanation of Mauguin's 
observations is given for the various cases which arise. 

Part II of the paper investigates conical disturbances, such having been 
described by Lehmann in 1895 for ammonium oleatc hydrate, and produced 
by combining two rod-like crystals in opposite orientations to produce 
a kind of twinning. Lehmann concluded that the molecules are arranged 
in rectilinear series, lying upon double cones. The conical disturbances 
were used by Lehmann to explain the phenomena of flowing crystals. 
The present author investigates the compatibility of these conical dis¬ 
turbances with his theory for crystalline liquids. For this purpose the 
requisite differential equation is derived for a molecular arrangement 
involving only three constants. A, B, G, and for which correspond three 
exact solutions. The three crystal cases are described by Lehmann— 
viz. the rod-like crystals, a capillary tube containing a solution of ammo¬ 
nium oleate hydrate separating liquid crystals, and in soap bubbles. An 
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investigation of whether a conical disturbance satisfies the differential 
equation showed that in the vicinity of the twinning plane the equation is 
approximately satisfied, but that the theory can only explain the rectilinear 
arrangement of the molecules outside the twinning plane if the constant 
A is very small compared with C. When the molecules have very elongated 
form, A and B must be assumed very small with respect to C. From the 
approximate rectilinear arrangement of the molecules, these must be 
regarded as very long on the theory. This result stands in better agree¬ 
ment with the results of Vorlander's chemical investigations of substances 
which give liquid crystals. H. H. Ho. 

1676. The Settling of Small Particles in a Fluid. M. Mason and W. 

Weaver. (Phys. Rev. 23. pp. 412-426, March, 1924.)—Small particles 
immersed in a liquid experience a motion which is the combination of a 
steady gravitational drift and a Brownian movement. If there are space 
variations in the density of distribution of particles, the Brownian movement 
produces a diffusion which tends to equalise the density. In the steady 
state the density n of particles is an exponential function of x, the distance 
below the surface of the liquid. This paper investigates mathematically 
the manner in which the steady state is established. A consideration of 
the combined effect of fall and diffusion leads to a partial differential 
equation for the number density of particles as a function of depth and 
time. A set of special solutions is obtained in terms of which a solution 
satisfying initial and boundary conditions can be expressed, viz..: (1) For 
a liquid of finite depth with an arbitrary initial distribution n 0 = /(*) a 
reduced form of the solution is obtained, when there is uniform initial 
distribution, which contains a single parameter. This one parameter 
family of curves is plotted, and from these curves, either directly or by 
interpolation, the density distribution may be obtained at any time for 
a solution of any depth, density, and viscosity, and for particles of any 
size and density. For small values of /, since the solution obtained con¬ 
verges slowly, an image method is used to obtain an integral formula for 
the density. (2) In the case of a liquid of infinite depth the solution for 
an arbitrary initial distribution is expressed by the Fourier integral 
identity. The case of zero initial density for negative x, and constant 
initial density for positive x, is calculated, as is also the case of particles 
initially uniformly distributed over a layer of depth h. In the case 
of a liquid extending from x = 0 to x = », the boundary conditions 
are satisfied by assuming a suitable fictitious initial distribution over the 
range from x = — c© to x = 0. The cases of uniform initial distribution 
and initial distribution over a layer are calculated. The latter case, 
while derived for a liquid of semi-infinite depth, gives approximately the 
distribution of density during the settling of a layer of particles initially 
distributed uniformly over a depth h at the upper end of a very long 
column of liquid. H. H. Ho. 

1677. Life of Molecules in Upper Quantum States. R. C. Tolman. 
(Nat. Acad. Sci., Proc. 10. pp. 85-87. March, 1924.)—In an article to be 
published in the " Physical Review ” a discussion is given of the possibility 
of calculating from data on the intensity of absorption lines the mean life 
t of atoms and molecules in excited quantum states and the chance per 
unit time that a molecule in quantum state 2 will spontaneously jump to 
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quantum state I in the absence of exciting radiation, this quantity being 
written A 2l . The expression derived is 


A 2 i — 


f 

c "Ni p 2 ) 


a . dv 
o 


where v is the frequency of the radiation emitted, p 2 the a priori proba¬ 
bilities of states 1 and 2, and Nj and a are obtained from absorbtion 
measurements, Nj being the number of molecules per unit volume in the 
lower state and a the absorbtion coefficient for frequency v . The integral 
is across the whole of the absorbtion line. A table is given with values 
calculated for mercury, sodium, calcium, iodine, HC1 and HF, and agree¬ 
ment is found with the few data already available. A. Wh. 


1678. A Periodic Law of Atomic Radii. W. P. Davey. (Phys. Rev. 
23. pp. 318-321, March, 1924.)—A periodic relationship is evident if the 
radii of the 44 elements for which the values have been determined from 
X-ray crystallographic data are plotted as a function of the number of 
electrons in the outer shell. Beginning with each rare gas, the curves 
are similar, the ratios of the ordinates being constant for the following 
nine or ten elements, as far as the values are known. By making use of 
the new law, rough predictions are made of the radii of ten other elements 
whose crystal structures have not vet been experimentally determined. 

Author. 


1679. Potential Energies of Some Atomic Models. Ida Woodward. 

(Phil. Mag. 47. pp. 992-1016, May. 1924.)—Assuming an inverse square 
law of repulsion between two electrons and an attraction between an elec¬ 
tron and a positive charge E of the form Ee(l /r- — c/r 3 ), the potential 
energy of scries of static atomic models is calculated. The number of 
electrons considered is from 1 to 8. 12. 22 and 27. Several possible arrange¬ 
ments of electrons are considered in the more complex cases. It is 
found that if the law of force between an electron and a positive charge 
forming the nucleus of an atom of atomic weight N is written : 
F = ne 2 /r 2 — Nthen approximately c s= Sa/n. A. Wh. 

1680. Atomic Structure. W. F. G. Swann. (Frank. Inst. J. 197. 

pp. 293-321, March, 1924.)—A lecture in which are described broadly the 
lines upon which the nuclear theory of atomic structure has evolved. 
The apparent artificiality of the rules laid down by Bohr and Sommerfeld 
is shown to be due only to the unaccustomed quantities which are dealt 
with, and are no more inherently improbable than the classical physical 
laws. A. Wh. 

1681. Elastic Constants and Lattice Theory. G.Heckmann. (Zeits. f. 

Physik, 23. 1-2. pp. 47-68, 1924.)—Works out the details of Born’s lattice 
theory for crystals consisting of ions considered as point centres of force. 
Mathematical. W. G. B. 

1682. The Structure of Bismuth. O. Hassel and H. Mark. (Zeits. f. 
Physik, 23. 6. pp. 269-277, 1924.)—Rotation diagrams were taken, with 
single crystals, about the directions [100], [ 110 ], [111] and [ 112 ], and 
the identity periods in these directions were measured, using Poldnyi’s 
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layer h ne relation. The structure and parameter value found by A. Om 
R. W . James and L. W. McKeehan is confirmed ; bismuth crystal being 
ditrigonal scalenohedrical, the space group being T)\d, r = 6-57A., 
a = 87°34'; the elementary cell is face-centred on all sides,’ and contains 
eight bismuth atoms ; the parameter, as determined from the intensities 
is between 0 022 and 0 035. H. N. A 

1683. X-Ray Spectra and the Structure of the Atom. L. de Broglie 
and A. Dauvillier. (J. de Physique et le Radium, 5. pp. 1-19, Jan., 
1924.) The paper is a risumi of the theoretical and experimental work 
of the authors and M. de Broglie during the past three years. Bohr’s 
spectral theory is taken as the basis, and the analogy is drawn between 
optical and X-ray spectra. The original paper should be consulted. 
[See also Abstract 17 (1923).] A. B. W. 


1684. X-Ray Diffraction Patterns for Crystalline and Liquid Benzene. 
E. D. Eastman. (Am. Chem. Soc., J. 46. pp. 917-923, April, 1924.)— 
Measurements of the planar spacings in crystalline benzene are described 
and the results compared with those of Broom6 (see Abstract 1758 (1923)] 
and of Debye and Scherrer. 


c ^ stals - Au .{i:S8 

Liquid - A - U . { 4-83 (6) 

(<*) Broom*. (6) Eastman. 
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Comment is made on the interesting coincidence of some of the diffraction 
maxima found for liquid benzene with those of the crystals. A. B. W. 


1685. The Crystalline Structure of Succinic Acid, Succinic Anhydride 
and Succinimide. Kathleen Yardley. (Roy. Soc., Proc. 105. 
pp. 451-467, April 1, 1924.)—By means of an X-ray spectrometer, 
together with a Coolidge tube of molybdenum or rhodium antikathode, 
measurements are made of the atomic spacings in all the principal zones 
of the crystals investigated. By means of the formula: (abc sin p)p 
= 1-64 wM, where a, b, and c are the axial dimensions in Angstrdra units, 
p the density of the crystal, and M the molecular weight, it is found 
that, in the case of the monoclinic holohedral crystal of succinic acid, n, 
the number of molecules per unit cell, has the value 2, and the crystal 
is based on the Bravais lattice IV Each of these molecules has a plane 
of symmetry, and they may be brought into coincidence with each other 
by a screw of angle 180° and translation 6/2; thus the space group to 
which the crystal belongs is cf*. A probable structure is discussed in 
detail, an explanation of cleavage and twinning being offered. The 
orthorhombic crystal of succinic anhydride is based on the lattice To an( ^ 
has four molecules per cell. It is shown that the X-ray method fails to 
determine the class to which the crystal belongs. The space group is 
either C iv or Q*. and the molecule is either asymmetric or possesses a 
plane of symmetry. 

In the unit cell of the orthorhombic crystal of succinimide there are 
eight asymmetric molecules, the fundamental lattice being To- The 
space group is proved to be Q*. and details of a probable structure are 
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given. A comparison of the molecules of succinic acid and of succinimidc 
is made, and the atomic dimensions deduced from the structure are stated. 

J. N. P. 

1686. The Crystal Structure of Metallic Arsenic. A. J. Bradley. 
(Phil. Mag. 47. pp. 657-671, April, 1924.)—The powder photograph 
method was employed, using a homogeneous beam of K a copper radia¬ 
tion. Crystals of the type employed are isomorphous with the corre¬ 
sponding crystals of antimony and bismuth. The structure of the two 
latter consists of two interpenetrating face-centred rhombohedral lattices, 
related in almost the same way as the Na and Cl lattices in NaCl, 
These lattices are almost cubic, but slightly elongated parallel to a 
trigonal axis; one lattice is slightly displaced in a direction parallel to 
that axis. It was found that, taking into account the relative intensities 
of the X-ray lines in the photograph, the case of arsenic admits of a 
similar explanation. The following table gives the results for the three 
metals, the parameter x being a measure of the displacement of one ' 
lattice with regard to the other:— 

AS. 

Edge of unit rhomb 2a .... 5*60 A. 

Parameter 2x . 0 • 097 

Longer atomic distance. 3-15 A. 

Shorter atomic distance ... 2-51 A. 

Each atom of arsenic, for example, has six nearest neighbours, three at 
2-51 X 10” 8 cm., in a plane (111) perpendicular to the trigonal axis, 
and three in a parallel plane on the other side of the atom, their dis¬ 
tances from it being 3-15 x 10” 8 cm. In this way the whole structure 
is divided into double sets of planes separated by quite wide gaps from 
the next set. The structure is a special case of Solinke’s point system 
No. 22 (** Das Zusammengesetzte-RhomboCdersystcm ”). This simplifies to 
a system of point pairs in which each point is at the centre of gravity of 
three of the original points. H. N. A. 

1687. Atomic Radii and Spectral Terms. F. Hund. (Zeits. f. Physik, 
22. 6. pp. 405-415, 1924.)—An attempt to decide between integral or 
half values for the azimuthal quantum number k for orbits giving rise 
to the terms of the optical spectra. From the transition between hydrogen¬ 
like and non-hydrogen-like terms the radius of the atom is calculated, 
both for whole and half quantum numbers. These values are then com¬ 
pared with those obtained for the radii of ions calculated in other ways. 
This is done for the alkalies and alkaline earths, and agreement is only 
obtained for half azimuthal quantum numbers. 

If one writes the spectral terms in the form RZ 2 /n' 2 , where R is Ryd¬ 
berg’s number, Z is 1 for the arc spectrum, 2 for the first spark, etc., and «' 
is the effective quantum number, it will be found that n' is in many cases 
integral. These are the hydrogen-like orbits, and are supposed to circulate 
outside the atomic " trunk.” The other orbits are those which dive into 
the atom in each revolution. Thus an upper limit will be the perihelion 
of the narrowest orbit for which n' is still equal to n, while a lower limit 
will be given by the widest orbit for which n' is still non-integral. A. C. M. 

1688. The Basis of the Quantum Theory. Part I. H. A. Senftleben. 
(Zeits. f. Physik, 22. 3. pp. 127-156, 1924.)—In this mathematical paper, 
vol. xxvii.—a.—1924. 


Sb. Bi. 

6-20 A. 6-56 A. 

0074 0052 

3-37 A. 3-47 A. 

2-87 A. 311 A. 





590 


SCIENCE ABSTRACTS. 


which is a contribution towards a complete theory of matter, the methods 
of the field theories are entirely abandoned and a purely substantial 
one chosen, in which as basis matter is assumed to consist of a large number 
of discrete elements which are the energy carriers. These elements are 
reduced to the units of the electron and the positive nucleus, which con¬ 
stitute the molecular unions. A general principle is then sought for, and 
the various difficulties arising therefrom are discussed. The occurrence 
of the Planck constant h is the one which stands principally in the way 
of describing processes by coordinates. It is now found that by diminish¬ 
ing h to zero the possibility arises of expressing exactly by coordinates a 
material process, although limiting cases arise where electrons and nuclei 
are concerned. The theory of free stable molecules is considered at length 
and it is found that for a discrete variety of states capable of existence It 
must be replaced by another quantity, h/m, where m is a whole number. 

H. H. Ho. 

1689. The Maxwell-Bolttmann Velocity - and Energy-Distribution Law 

in the Relativity Theory. E. Kretschmann. (Phys. Zeits. 25. pp. 162— 
165, April 1, 1924.)—The suitable form on the relativity theory for the 
Maxwell velocity distribution has been derived by Jiittner for the mole¬ 
cule of an ideal gas. as that distribution whose probability is the greatest 
possible on the basis of the Liouville hypothesis. The author has pre¬ 
viously shows [see Abstract 1619 (1920)) that the Liouville hypothesis is 
by no means so generally valid in the mechanics of the relativity theory 
as in classical mechanics. The derivation of the velocity- and energy- 
distribution law in the present paper utilises no probability measure of 
state, but determines the required distribution as the single points of a 
force field stationary at the same instant. The effect of the reciprocal 
forces between the moved masses is admitted, but the forces are assumed 
independent of the velocity while a potential is to hand. The distribu¬ 
tion law is then afforded as in the classical statistical mechanics. An 
extension of the results so obtained to forces which, on the relativity 
theory, depend on the velocity, is not possible generally, but is shown 
to be applicable in the important case of an electro-magnetic force field, 
this satisfying the Liouville hypothesis. The paper is entirely mathe¬ 
matical. H. H. Ho. 

1690. On a Non-Symmetrical Affine Field Theory. J. A. Schouten. 

(K. Akad. Amsterdam. Proc. 26. 9-10. pp. 850-857, 1923.)—In the Edding- 
ton-Einstcin development of the theory of relativity [Abstract 222 (1924)] 
the components T^ g , of the affine field are assumed to be symmetrical 
in a and ft (1^ — rjL). Einstein supports this axiom with the remark 
that both UBJ})x r - and DBJbx, - H M B a are tensors, and iff ^ey 

are unequal each seems to have an equal claim to be considered the 
covariant derivative of B M . which is therefore not unique. Schouten 
observes in the present paper that if, by definition, 8A* = — 

the former of the two above derivatives is distinguished, and preferable, 
on the ground that it makes the scalar product A M B>* invariant for paralle 
displacements of A M and B**; and he develops the analogue of Einstein s 
theory when rj, - A£. + - 3*S r ). a£, being symmetrical in 

fj. and v, and S* a certain vector. Taking the same action function a* 
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Einstein, he arrives at field equations of which the symmetrical (gravita¬ 
tional) part is unaltered, but which give for the electromagnetic tensor : 

'"-•(S-gMg-g) 

the last bracket being new. Schouten identifies t* with the current. S* 
with the four-potential, while Einstein identified both current and poten¬ 
tials with multiples of i k . The asymmetric theory leaves the relation 
between i and S undetermined, but avoids Einstein's difficulty : that un 
electromagnetic field can exist only at points where the current-density 
is not zero. 

[The paper contains an extraordinarily large number of misprints in 
the symbols.] M. H. A. N. 

1691. The Invariance of the Effective Integral and the Form of the Field 

Equations in the Wcyl Theory. E. Reichenbacher. (Zeits. f. Physik, 22. 
3. pp. 157-169, 1924.)—This entirely mathematical paper is divided into 
two parts, the first of which deals with the special character of the invari¬ 
ance of the effective integral. Weyl's work on the relativity theory is 
first discussed, and the relevant part of a previous investigation by the 
author on the nature of electromagnetism (see Abstract 1322 /19231] 
then extended. The second part investigates the form of the field equa- 
tions - H. H. Ho. 

1692. On an Hypothesis of the Potential Theory. A. Tauber. (Akad. 

Wiss. Wien. Per. 132. 2a. No. 7-8. pp. 309-322. 1924.)—The investigation 
of the differential quotients of a double-layer potential now described has 
enabled considerable simplification to be made for the logarithmic potential 
by the introduction of complex functions which then require no further 
complex formula apparatus. The further advantage is gained that, 
apart from the continuity of the cover density, no other assumptions 
have to be made. In the case of Newtonian potential, simplifications and 
analogous results are derived. Both curved and plane double layers are 
considered. The paper is mathematical throughout and should be con¬ 
sulted in its entirety. H. H. Ho. 

1693. The Curvature of de Sitter's Space-time. L. Silbcrstein. 
(Roy. Astron. Soc., M.N. 84. pp. 363-366, March. 1924.)—In a previous 
paper [Abstract 1112 (1924)] was given a method of calculating the 
curvature radius of space-time from the observed Doppler effect and dis¬ 
tance of globular clusters and similar objects. This leads to a value for 
R, 6-0.10 12 astronomical units. It is shown that at comparatively 
short distances other bodies would exhibit an apparent repulsion. At a 
certain distance p this apparent repulsion would be balanced by the 
gravitational attraction, and hence it seems likely that at this critical 
distance from any body there will tend to be a concentration of other 
bodies. It is shown that this distance, p, is connected with the curvature 
radiu9 of the space-time, R, and the gravitation radius of the mass at 
the origin, L, by the expression: (p/R)* = L/R. For the sun p == 7 • 1.10 5 
astronomical units, corresponding to a parallax O'-29. Among the 
19 nearest stars having parallax O'-20. there are 11 which lie between 
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0"-26 and 0 W, 33, whereas a uniform distribution would give only 4*4. 
The effect is not very pronounced, but is advanced in support of the value 
of R derived from the parallax data. A. Wh. 


1694. Curvature Radius of Space-time. L. Silberstein. (Nature, 113. 
pp. 602-603, April 26, 1924.)—Two more values for this quantity, as 
calculated in a recent paper [Abstract 1112 (1924)], are given and a 
further extension of the method outlined. It is shown that if two spectro¬ 
grams be taken of a distant object at distance r and radial velocity v 0 , 
the unreduced Doppler effects will be related by the expression :— 


2 v 0 [\’ 2 - V.) = e 2 (D; - D|| - (V? - V|) 2 

where D lt Do are the unreduced Doppler effects at times when the annual 
and diurnal velocity of the earth is V,. V 2 . This expression will be tested 
as soon as adequate data are available. A. Wh. 


1695. Relative Motion in connection with Classical Mechanics. H. 
Zanstra. (Phys. Rev. 23. pp. 528-545. April, 1924.)—While Newton 
introduced the idea of *' absolute " motion, yet he explicitly stated that 
observed motions are relative. The relative positions of a set of w points are 
determined by (3»i - 6) coordinates, and the author reduces the Newtonian 
equations of motion for n particles to a set of (3>t — 6) differential equa¬ 
tions containing the relative coordinates only. Three of these, however, 
are of the third degree. By introducing Foppl’s hypothesis that the 
moment of momentum of the universe about any axis through its centre 
of mass is zero, it is possible to reduce the set of equations to a set o! 
(3 n - 6). containing the relative coordinates only, and all of the second 
degree. Special forms of the equations, suitable to Ptolemy’s and 
Kepler’s systems respectively, are given, in vector notation. Some discus¬ 
sion of previous work’ and of possible application to Einstein s theory is 
■_ W. G. 1). 


1696. Whitehead's Theory of Relativity. G. Temple. (Phys. Soc., 
Proc. 36. pp. 176-192 ; Disc.. 192-193. April. 1924.)—It has been shown 
that a generalisation of Whitehead's theory should be on the basis oi 
space-time manifold of uniform and isotropic curvature. In this-P a Pf* 
which is entirely mathematical, such a generalisation is developed, ine 
physical conclusions drawn are: (1) That the observations on tne 
perihelion of mercury assign a lower limit to the space constant, wm 
is about 10 16 km.; and (2) that the effect of this curvature on the gravi¬ 
tational deflection of light rays by the sun is negligible. A considerac^ 
list of references is appended. * . * 


1697. Uniformity of Timeand Testing of Clocks. H. Hermann. (Z« * 
f. Physik, 20. 5. pp. 343-344, 1923.)—Prior to the advent of the re a 
tivity theory, it was denied that the uniform working of a clock co 
be established independent of the mechanical laws. Authorities a* 
quoted— viz. Neumann, Ducrue, Lodge, Pfaundler, Foppl, Mach. 

1903 Obermayer introduced the innovation of the independence ol 
pendulum period without resort to mechanical laws, but on the hypot es 
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of sufficient reasons. The validity of the inertia law has been established 
on the relativity theory, but not that of time uniformity, and the author 
now submits what he claims to be a new and simple proof, although he 
states it to have long been contained in the observation-material of 
observatories. Two examples of time-measurers, whose equality has been 
determined by coincidence means, are subjected to further tests bv making 
one precede the other or by establishing definite intervals between them. 
If independence again occurs, then agreement for every separate period 
can be concluded. If by uniformity of time be understood the inde¬ 
pendence of intervals of regulated mechanical processes on the previous 
ones, then it should be possible to construct uniformly working clocks 
whose time intervals are independent of mechanics and. in particular, 
of the inertia law. whereby an empirical determination of the stellar 
universe can be made. H. H. Ho. 

1698. The Infinity of Space and the General Theory of Relativity. F. 

Selety. (Ann. d. Physik. 73. 5-6. pp. 291-325, Feb., 1924.)—This com¬ 
prehensive discussion is divided into four chapters. Chapter I considers 
Einstein's objections against the infinity of space. It is shown that a 
Minkowski or quasi-Minkowski world is simpler than a cylinder or quasi- 
cylindrical world ; also that an average density of zero is not improbable, 
as Einstein held, since it is compatible with complete space content , infinite 
total mass, and absence of a singular average region. The fulfilment of 
Einstein s “ Mach principle ” can be abandoned, especially when the total 
mass in suitable coordinate systems is non-rotating on the average and is 
infinite. It is doubtful, also, whether in the finite world, with its actual 
irregular density, that the Mach principle is satisfied in the sense of deter¬ 
mining the G field alone by the T M „. Chapter II discusses the infinity 
of space for a non-quasi-statical distribution of matter. Reasons are given 
for the assumption of non-statical matter, irregular quasi-Euclidean space 
is investigated, and it is shown that in an irregular quasi-Minkowski 
complex a completely unstatical. mechanically stable, molecular-hierar¬ 
chical world is possible. The dynamically similar world is found pre¬ 
ferable. Chapter III deals first with a centric-symmetrical static model 
in an irregular quasi-Euclidean space, then with the possibility of summa¬ 
tion of the small inertia effects, and finally with the possibility of satisfying 
the Mach principle for a particular case. Chapter IV summarises the 
grounds for the theory of infinite space, viz. : (1) Greater simplicity of 
the Euclidean space compared with the Minkowski world ; (2) possibility 
of the relativity of quantities which arise in the dynamically similar 
molecular-hierarchical world ; (3) possibility of the cosmological fulfilment 
of the special theory of relativity ; (4) necessity of irregular density and, 
in conjunction with the exclusion of a central point, of a distribution of 
matter in accord with experience. H. H. Ho. 

1699. The Michelson Experiment. N. v. Raschevsky. (Zeits. f. 

Physik, 22. 6. pp. 401-404, 1924;) —On account of the velocity of light 
varying with the gravitation-potential, a negative result is not to be 
expected under the general theory of relativity. On the other hand, as 
the special theory of relativity implies the absence of a gravitation-field, 
which cannot be experimentally realised, a positive result cannot be 
regarded as contradicting the special theory itself. A. D. 

vol. xxvii.—-a.—1924. 2R - 


594 


SCIENCE ABSTRACTS. 


METEOROLOGY AND GEO-PHYSICS. 

1700. Meteorological Observations at Geneva and the Great St. Bernard, 

1923. R. Gautier. (Arch, des Sciences, 6. pp. 116-143, March-April, 

1924. ) W. R. C. 

1701. The Book of Normals. Sections 4 a and 4 b. (Meteorolog. Office, 
Air Ministry, M. O. 236 [Section 4], pp. 153-220, 1923.) 

1702. Krichewsky's Method of Fitting Frequency Curves. E. W. 
Woolard. (Monthly Weather Rev. 52. pp. 91-94, Feb., 1924.)—This 
paper contains a summary of Krichewsky’s method of curve-fitting and 
practical directions for its use. The curves obtained by this method appear 
to be as accurate as the Pearson curves, and are much easier to obtain. 

A. W. L. 

1703. Aerodynamic Resistance of Spheres, Shot Upward to Measure 
the Wind. L. F. Richardson. (Phys. Soc.. Proc. 36. pp. 67-80, Feb.. 
1924.)—The author’s development of a new method of measuring the 
wind at different levels by shooting accurate steel spheres upward (sec 
Abstract 2109 (1923)] has called for new experimental determinations 
of the resistance of the air to the motion of the sphere, and has provided 
two new methods of determining it. One method depends on finding 
the tilt from the vertical at which the sphere must be projected in order 
that a wind distribution, measured by some other means, may bring the 
sphere back to the gun. The other depends on comparing, under circum¬ 
stances similar to those in the first method, the muzzle velocity with the 
time of flight of the sphere. The methods and results arc set out in the 
present paper, drawing on the paper referred to above for the underlying 
theory. 

A useful diagram is given, setting out the results of other investigators 
on the resistance to spheres under various circumstances, with a discussion 
of the differences between them. The turbulence of the air, the rotation 
of the sphere, and departures from spherical form (the latter * r ^ 

in the case of rubber pilot balloons used in meteorology for wind deter¬ 
minations) all play a part in producing divergent results. f 

A list of references is added. 

1704. Atmospheric Electrodynamics. F. Kaftan. (Phys. Zeits. 25. 

pp. 114-113, March 1, 1924.)—Dynamic and thermodynamic consideration 

do not appear to suffice as explanations of meteorological phenomena. 
The author expresses the opinion that these are ultimately more closeiy 
bound up with the electrical condition of the atmosphere ; and it 
should prove so the fundamental problem for the study of weather on 
world scale will be the question as to whether atmospheric e J cc * r,c R 
phenomena are cosmical or terrestrial in origin. A * 

1705. The Mass of the Atmosphere. J. Mascart. (Bull. Astronomique, 

3. No. 2. pp. 331-336. 1923.)—The height K of the homogeneous atmosphere 
has been determined by E. Mascart. assuming that the law of va ?**\. 
of density with height is p/ Po = /(s) = (1 - s)* where s «= */( K ' fl 

If H is the height of the homogeneous atmosphere reduced to M.S.L., an 

is taken as 660, the value of K/H is (1 + *). In the present paper the 
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author deduces that K/R = 1/a. and H/R ^ l/( a + 4). from which 
K/H = (1 + 4/660) if a = 660. Reasons are given which show that the 
value a —• 660 is impossible, but no definite value can be obtained without 
an accurate knowledge of the density in the upper layers of the atmos¬ 
phere- A. \V. L. 

1706. Atmospheric Radiation. A. Boutaric. (Comptes Rend us, 178. 
pp. 1303-1304, April 7, 1924.)—The nocturnal radiation r is the difference 
between the thermal emission oT‘ from a black body at the temperature 
T of the air, and the radiation to received from the atmosphere ; thus 
r = ct T* — a t. In this equation to is the only term depending solely on 
the meteorological conditions. The values of oj have been obtained 
from the mean values of the nocturnal radiation given by Kimball. 
Angstrom, and the author. These values show that the atmospheric 
radiation varies fairly regularly throughout the year, being appreciably 
greater in summer, and also that it decreases with an increase in altitude. 
Such variations are not shown by the nocturnal radiation ; it is suggested 
that they are chiefly due to changes in the temperature of the air and in 
the pressure of water vapour near the ground. The temperature of a 
black body encircling the earth, and giving the same radiation as the 
atmosphere, is found from the relation o0‘ ~ co ; the value of 1-0 
is generally between 20 3 and 30% but increases at higher elevations. 

A. \V. L. 

1707. Upper Cyclones. A.Defant. (Akad..\Yiss. Wien. Ber. 132. 2a. 

No. 3-4. pp. 81-103, 1923.)—Observations have lead to the distinction 
between disturbances at lower levels in the atmosphere from those at 
higher. Both give rise to anticyclonic and cyclonic systems, and the 
formation of the upper cyclones is dealt with in this paper. Experiment 
and analysis deal with the influence of a large terrestrial projection, such 
as a mountain range. If there is a discontinuous layer, more or less 
well defined, between the stratosphere and the troposphere, and if the air 
streams are moving relatively to the projection, it is shown that the 
boundary is warped in an undulatory manner, and that vortices develop 
in the front or rear of the projection according to the velocity direction. 
The theory is applied to consider the effect of mountain ranges in the 
northern hemisphere. [Abstract 36 (1924).] W. A. R. 

1708. Cyclone Formation. F. M. Exner. (Akad. Wiss. Wien, 

Ber. 132.. 2a. No. 1-2. pp. 1-16, 1923.)—Some experiments illustrating 
atmospheric circulation are described and compared with conditions pre¬ 
vailing in North America. Water, rotating in a basin, is heated at the 
periphery and cooled at the axis of rotation. The phenomena observed 
support the view that cyclonic phenomena arise through the interaction 
of the cold and warm air streams, but they do not support the discon- 
tunuity theory, at least not that.form of it found in Bjerknes' polar-front 
theory. [Abstracts 640 (1912) and 39 (1924).] W. A. R. 

1709. The Periodicity of Thunderstorms. J. Gabriel. (Comptes 
Rendus, 178. pp. 1020-1022. March 17. 1924.)—A study of the observa¬ 
tions at Saint-Honorine-du-Fay for a period of forty years, shows that 
the periods of high or low thunderstorm frequencies agree closely with 
the wet and dry epochs. The most violent storms may occur during the 
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periods of minimum frequency, and it is concluded that there is no marked 
change in the frequency when the temperature is abnormally high. A. W. L. 


1710. The Lunar Atmospheric Tide at Mauritius and Tiflis. S. Chap¬ 
man. (Roy Meteorolog. Soc., J. 50. pp. 99-112, April, 1924.)—Determina¬ 
tions of the lunar atmospheric tide at Greenwich, Batavia. Hongkong, and 
Aberdeen have been described in earlier papers; similar results are now 
published for Mauritius and Tiflis. The data employed are the hourly 
barometric readings for periods of 40 and 26 years respectively, and 
have been corrected for the daily non-periodic variation of the barometer 
due to the annual variation of pressure. The mean values obtained for 
the semi-diurnal component of the barometric variation, expressed in 
microbars, are : 51 sin (2r + 98°) for Mauritius, and 27 sin (2r + 65°) • 
for Tiflis, r being the mean lunar time reduced to angle. There is a marked 
annual variation in the tide, both the phase and amplitude being least 
around the December solstice; the change with lunar distance is some¬ 
what irregular. Further determinations for other stations are necessary 
before the variations of phase and the seasonal changes in the lunar 
atmospheric tide can be explained. A. W. L. 


1711. Penetrating Radiation. V. Obergugftenberger. (Akad. Wiss. 
Wien, Ber. 132. 2a. No. 1-2. pp. 59-68. 1923.)—Measurements of the 
penetrating radiation were made in the neighbourhood of Innsbruck, 
where geological conditions are very varied. The results show that 
within a given formation the distribution of radio-active material is in 
general uniform. Sediments generally show lower activity than igneous 
and other crystalline rocks, but there is no dependence of activity upon 
geological age. The penetrating radiation increases with height. W. A. K. 

1712. Harmonic Law of Propagation of Seismic Tremors. G. Grablo- 
vitz. (Accad. Lincci, Atti, 33. i. pp. 74-76, Jan. 20, 1924.) The au io 
takes the seismic tables of the British Association giving the values oi 
the primary and secondary phases in terms of A. the angular distanc 
from the epicentre, and expresses P and S as the sum of the harmo 
functions of odd multiples of A/2. The formula: reproduce the data o 
the tables up to an angular distance of 150°, with a mean error 0 

sec. in the case of P and 1 • 96 sec. in the case of S. * 


1713. An Earthquake. 16 March. 1923. G. Agamennone. (Accail 
Lincei, Atti. 32. u. pp. 499-504. Dec. 16, 1923.)-The epicentre w* 
43° 20' N 17° 10' E. Greenwich ; the velocity of propagation was miuai / 
7 * km./sec., reaching a little above 8 km./sec. at a distance of 2000 km. ^ 


1714 Tides and Ocean Currents. G. T. Rude. (Frank. Inst., J. 
pp. 73-97, Jan., and pp. 217-251. Feb., 1924.)-These two papers projad 
a readable and non-mathematical summary of the tidal and current wo 
of the U.S. Coast and Geodetic Survey, mainly from an engineering 
economic standpoint. Types and forms of tides, prediction accuracy 
of tables, tides in rivers, mean sea-level, seismic waves, tidal V° ' 
types of currents are the main question dealt with. The papers 
contain a description of two new instruments—the portable self-regist & 
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tide gauge, and the bifilar-suspension current direction indicator, both of 
which are the latest devices used by the Survey in this work. \Y. A. K. 

1715. Mediterranean Tides. R. Stemeck. (Akad. Wiss. Wien, 
Ber. 131. 2a. No. 10. pp. 667-694. 1922.)—This paper carries on tIn¬ 
harmonic analysis of Mediterranean tides Abstract 28 (1914)] by means 
of observations from 14 new stations. The results are tabulated. The 
tidal conditions show the influence of the Gibraltar stream and the proper 
tide of the Mediterranean basin. The data enable certain nodal lines to 
be established. \y, a. R. 


ASTROPHYSICS. 

1716. Statistics Discussion of Precise Astronomical Measurements: 
Parallaxes. E. B. Wilson and W. J. Luyten. (Nat. Acad. Sci., Proc. 10. 
pp. 129-132, April, 1924).—An experimental determination of the actual 
determined values of parallaxes and of their probable error. The observa¬ 
tories of Allegheny, McCormick. Greenwich. Mt. Wilson. Ycrkes, Sproul 
and Dearborn have determined parallaxes by photographic methods, and 
of these published results. Allegheny and McCormick have enough stars 
in common for statistical discussion ; both determine their parallaxes 
by measuring at different epochs the position of the parallax star relative 
to comparison stars ; these comparison stars may be in part the same at 
the two observatories and furnish to both the same systematic error. 
There should therefore be a small positive correlation between the two 
scries, resulting in the probable error of the difference between the values 
of the individual parallaxes being less than the root of the sum-square 
probable error of the two. If dir = V+ rj,. the series dn/r = a should 
be distributed in an error curve. The parameter of this should be such 
as to make a trifle more than half the values of a fall between a = ± 1. 
if the actual probable errors are those deduced from the discordances of 
the observations in the individual parallax determinations. For 273 
values of a in the distribution curve plotted on arithmetic-probability 
paper the accordance with the normal error curve is perfect ; the frequency 
of the difference dn itself also follows a normal error curve, and the 
authors conclude that on the whole the McCormick parallaxes are 
O'-0033 ± O'-010 larger than the Allegheny, and the actual probable errors 
of the individual determinations are on the average about 25 % greater 
than those calculated from the observations. Results are also given for 
the comparison of Yerkes with the two other observatories. A. S. D. M. 

1717. Fitting Straight Lines to Data with Application to Sunspot 
Epochs. C. F. Marvin. (Monthly Weather Rev. 62. pp. 89-91. Feb., 
1924.) A simplified arithmetical method of determining the value of 
the constants, in the equation of the straight line of best fit to any given 
data, is described. As an illustration of the method it is applied to the 
determination of the sun-spot period from 1820-1924. It is convenient 
to change the form of the equation y = 1820 + a + bx into a + b’x 
— (y — 1820 + llr) = c, and tabulate the differences, d, between values 
of c equidistant from the beginning and end of the period considered. 
i.e. c n —ci, c n _ j — C 2 . etc. j these values are multiplied by weighting 
factors g, equal to (n- 1), (ti-3). etc. Then for the least square solution : 
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b' = ^gd /N where X — 2£x- — £n(w — 1-), and a = £c/N — \{n — 1)6'. The 
equation obtained for the sun-spot period is y= 1822-25 -f 11-31*. and 
the observations show that the variations in the period are slight. 

A. W. L. 

1718. Cosmical Physics : Su>ispots. J. Levine. (Comptes Rendus, 

178. pp. 1385-1366, April 14, 1924).—The author proposes an alternative 
explanation to Hale's for the polarity of sunspot streams. [See Abstract 
1105 (1924)'. namely, that solar eruptions form holes in passing through 
the photosphere, thus staining its bright surface. Their incandescent 
vapours, at a considerable height, are subjected to the rotational velocity 
of the sun. and fall back upon its surface at a different point, and at this 
point they form a second spot of opposite polarity and of more irregular 
appearance than the first. A. S. D. M. 

1719. Sunspot Activity and the Solar Constant. A. Amerio. (Accad. 
Lincei, Atti, 32. ii. pp. 391-394, Dec. 2. 1923.)—Empirical formula have 
been derived to express the relation between sunspot activity and the 
solar constant and possible theories of the connection are discussed. 
Support is given to the theory that increase in sunspot activity gives 
rise to a change in the absorbing power of the outer layers and corona 
due to eruption of material and hence alters the effective radiation. 

A. Wh. 


1720. Law of Sunspot Polarity. G. E. Hale. (Nat. Acad. Sci., 
Proc. 10. pp. 53-55, Jan., 1924.)—A formulation of a polarity law based 
on observations of the Zeeman effect in 2136 sunspot groups observed in 
1908-1923. About 60 % of groups are bipolar, having the preceding and 
following spots of opposite magnetic polarity. The author describes the 
reversal of the sign of the polarity in the preceding and following spots 
of the northern and southern solar hemispheres after the minimum of 
solar activity, both in 1912 and 1922, and shows that at such times of 
solar minimum activity, four spot zones, characterised by distinct mag¬ 
netic polarities may coexist on the sun. this position lasting for, perhaps, 
two or three years, after which the last low-latitude spots of the old cycle 
disappear. The author suggests that this indicates a solar cycle of 
22 -2 years' duration, not of 11 • 1. It is required to observe the Evershcd 
effect at low levels in bipolar spots, in order to determine the sign of the 
dominant charge ; and if this is found to remain the same from cycle to 
cycle, the vortices of the spots represent whirls, and the reversal of the 
polarities means a reversal in the direction of whirl. [See Abstract 110 


(1924).] 


A. S. D. M. 


1721. The Cause of the Great Velocities of the Solar Protuberances. 
W. Anderson. (Zeits. f. Physik. 22. 5. pp. 322-327, 1924.)—Pring- 
sheim’s work is first briefly described, in which solar explosions are held 
to be an improbable explanation of the high velocities of the protube¬ 
rances as also simple adiabatic expansion, and an electrical theory finds 
favour. Strutt likewise opined adiabatic expansion to be insufficient, 
and while an isothermal expansion could account for the observed velocity 
of 834 km. sec.- 1 , yet such an expansion of the whole prominence, or 


of 

of 


any appreciable fraction of it, would make it fill a space far in excess 
the estimated vohime of the stellar universe. Strutt states that the- 
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velocity is acquired by the gas. not within the sun. but alter emerging 
into the sun’s atmosphere, and he seeks for the cause in the electrical 
forces of the latter. Although the entire literature contains no objection 
to the Strutt conclusions, yet the present author now seeks to show that 
these are by no means convincing. A current-impact theory for the 
protuberances is developed, although the author does not claim this to be 
the sole cause, notwithstanding its containing the minimum hypothetical 
element, and other contributory effects are discussed. The conception 
described is very plausible and the whole paper should be consulted. 

H. H. Ho. 

1722. Variable Absorbtion in the Solar Atmosphere. A. Amerio. 

(Accad. Lincei. Atti, 33. i. pp. 70-74, Jan. 20. 1924.)-—Measurements of 
the ratio of the energy radiated from a small area at 60° or 75° from the 
centre to that radiated from the centre of the solar disc have been made 
and the two series of observations over a period of six months charted. 
A general agreement is apparent and the existence of variable absorbtion 
confirmed. A double pyrheliometer is described containing two thermo¬ 
elements which can be arranged at two points on a solar image. A doubly 
wound mirror galvanometer of special type, with the two coils at right 
angles, is used with this instrument. A. Wh. 

1723. Attempt to Determine Spectrograp'iically the Meridional Component 

of General Current in the Sun’s Reversing Layer. R. Sekiguchi. (Imp. 
Marine Obs. Kobe, Japan, Mem. I. pp. 85-107. Feb.. 1924.)—The author 
refers to previous investigations on the current circulating between the 
sun's pole and equator. (See Abstract 409 (1914). 057 (1915), 2238 (1922), 
1103 (1924).] He gives the method of observation and reduction; the 
instrument (a Littrow spectrograph set in the horizontal position, facing 
south) ; the plates taken (one on July 27 and 28 and two on July 31 and 
August 1) ; the wave-lengths on the three plates measured : and deduces 
for the latitudes, ± 65°, that the poleward horizontal component of the 
mean velocity of the layers from which the respective absorption lines 
originate is v p -0-347 km./sec., and that there is a tendency for the 
equatorward movement of the gases in the reversing layer to be accelerated 
with increasing height of the level. A. S. D. M. 

1724. Brightness of Lunar Eclipses. W. J. Fisher. (Smithsonian 
Misc. Coll. 70. 9. pp. 1-01. Feb.. 1924.)—The author gives three grades of 
brightness, based on the observation of " spots " or seas on the eclipsed 
moon : (a) With the naked eye or with field glasses ; (6) with telescopes 
.between 2 and 0 inches aperture ; ( c ) with those above 0 inches. A 
table gives the particulars of the phase, air mass, grade, the sunrise- 
sunset line at mid-eclipse, place, observer, condition of sky, means by 
which observed, strength of twilight or moon’s altitude, for 08 lunar 
eclipses. - He finds that in the period, 1800-1922: (a) The southern zone 
of the earth’s shadow is in general brighter than the central zone, and 
this again is brighter than the northern ; (6) there is no obvious way in 
which an effect of the solar cycle of activity can be disentangled from the 
effects of dust; ( c) the greater opacity in the earth’s northern shadow 
may perhaps be accounted for by the fact that the great deserts are 
largely in the earth’s northern hemisphere, and the dust from these,1s 
‘Carried by the trade winds parallel and not crosswise to the equator; 
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also by tlje greater number of dust-erupting volcanoes, in the northern 
hemisphere, and dust ejected from some of these has been known to 
penetrate well up towards the stratosphere ; ( d ) there is not much 
difference in brightness of the eclipsed moon due to its position at 
apogee or perigee ; ( e ) an effect depending on longitude, as suggested by 
Smith in 1825, does exist, but its maximum phase is quite 45° away from 
what he expected, and winter eclipses are bright, spring eclipses dim, 
summer and autumn eclipses intermediate and not very different from 
each other. ' A. S. D. M. 

1725. On the Breadth of the Hydrogen Lines in Stellar Spectra. E. O. 
Hulburt. (As trophy s. J. 59. pp. 177-180, April, 1924.)—When the 
Stark theory of the broadening of the Balmer lines of hydrogen is com¬ 
bined with the Saha theory of high-temperature ionisation, it is found 
that in order to account for the broad Balmer lines observed in many 
stellar spectra, the pressure in the stellar envelope must be as great as 
several atmospheres. This seems to contradict evidence from other 
sources which points to much lower pressures. The assumption of a 
considerable number of free electrons in the atmosphere might explain the 
discrepancy. • Author. 

1726. Astrophysical Determination of Average Life of Excited Calcium 
Atom. E. A. Milne. (Roy. Astron. Soc.. M.N. 84. pp. 354-363, 
March, 1924.)—It is taken that atoms in the high-level chromosphere are 
supported by radiation pressure, and consist almost solely of singly ionised 
calcium above 8500 km. on the sun [see Abstract 616 (1914)] and an equal 
number of free electrons. They emit radiation of wave-lengths AA3933, 
3968, and the energy-value of a single l7r-state is chosen, so that the 
difference ( 1 <t — In) corresponds to the mean wave-length A3960. The 
author describes the mechanical equilibrium in which the normal lo-statc 
is transformed to the excited l7r-state and back again, and shows that 
the emissions will be random in direction and the recoil momentum zero, 
on the average, but that the momentum acquired in absorption will be 
principally outward, since the atoms at such high levels are exposed only 
to radiation on the side exposed to the sun. If r is the time spent in 
the Instate and r' in the lo-state, the values are found by t/t' = r X 1 -18 
X 10- 3 and t + t' = 4-6 X 10- 5 . where r is the ratio of the intensity 
in the centre of the line to the intensity in the adjacent continuous 
spectrum, and is less than 1. From measures by Schwarzschild, the value 
of r is taken as 0-11, whence r t= 0-6 x 10“ 8 sec. Since r =• (r/4mgc) 

X (hv/e hv ^ r _ 1), the author finds that for Ca + high-level chromospheric 
equilibrium is not possible for a star with the same value of g as the sun 
and a temperature below 4400°. Taking the value r = 0*11 for the sun. 
and r = 0-6 X 10“ 8 sec. for Ca+. he finds for Capella. for Sirius, and for 
Plaskett's O-star, r= 0 010. 0-0043. and 0-00035 (or 0-00019) respec¬ 
tively. and for the last star he suggests that atoms of ionised calcium will 
be continuously expelled under radiation pressure. He also gives the 
general conditions for the chromospheric equilibrium of sodium, hydrogen 
ahd helium. A. S. D. M. 

1727. Recent Work in Stellar Physics. E. A. Milne. (Phys. Soc., 
Proc. 36. pp. 94-113, Feb.. 1924.)—Recent work in classifying stellar 
spectra shows that with very few exceptions they can be arranged in a 
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sequence, and indicates that spectral type is correlated with effective 
temperature. Bohr’s theory of spectra and Saha’s application of it to 
stellar atmospheres has made it possible to explain this con elation. 
Further, it is observed that there are differences between the spectra of 
giant and-dwarf stars belonging to the same types, and these can be 
explained as due to differences of pressure. 

A brief review is given of recent work on spectroscopic parallaxes, 
colour indices, effective wave-lengths, details of intensity-differences 
throughout the spectrum, direct measurements of heat, -and determina¬ 
tions of angular diameters of stars. The results all agree in indicating 
that spectral type is mainly a function of effective temperature, and 
they agree as to the order of magnitude of the temperatures and even to 
numerical values for those of late-type stars, though they differ somewhat 
for the early types. Effective temperature is also a function of absolute 
magnitude, but the paradox is noted that giant stars have lower effective 
temperatures than dwarfs of the same spectral type, and yet show a 
stronger development of enhanced lines. This, however, is explained by 
the much smaller pressure gradient in a giant; and Adams’ empirical 
correlation of intensity of certain enhanced lines with great intrinsic 
luminosity results from the fact that strong ionisation indicates low 
pressure, due to low surface value of gravity, due to large radius, and 
this implies large disc area and consequently large intrinsic luminosity. 

The order in which lines due to neutral atoms, and lines due to ionised 
atoms, may be expected on the quantum theory to appear, reach a maxi¬ 
mum and disappear, in the sequence of stellar spectral types, is dis¬ 
cussed, and a diagram shows the relative intensities of various absorption 
lines as actually observed in the sequence. It is pointed out that the 
absolute value of r (the average time during which an atom remains in 
an excited state) could be derived from stellar evidence if the effect of /; 
(surface gravity) could be distinguished from the effect of pressure, which 
should be quite possible; and that it might equally well be deduced 
from observations of certain lines in the solar chromosphere. Modern 
spectral theory has solved many problems of astrophysics; in return, 
astrophysics has once again something to contribute to the physics of 
theatom - M.A.E. 

1728. Summary of Study of Stellar Distribution. H. Shapley and 
Annie J. Cannon. (Am. Acad.. Proc. 59. pp. 215-231, March. 1924.)— 
l\.esuIts of discussion of the Henry Draper Catalogue of stars brighter 
i 5 ' nagnitude - l See Abstracts 464, 465. 466. 878 (1923). and 814 
Other points brought out are : The G stars are predominantly 
avvarfs and lie within the nearby region of fairly constant star-densitv. 
inere are nearly twice as many naked-eye KO stars as in any other sub- 
siwmn 11 * A ^ out 00 % °* bright stars are earlier than the sun, and some 
zu.uuu stars have spectra essentially identical with that of the sun. The 
is ance oi the dark matter, obscuring Taurus, is not over 300 parsecs ; 
of that, making the Great Rift in the Milky Way. part comes as near as 

^ ar . S tlie C ** 8t ‘ nc t nebulosities in the Scorpio-Ophiuchus region arc 
200 and 300 parsecs distant. Of the Local Cloud. 90 % of the 346 early 
B stars brighter than 5 -25 (visual) belong to the Local Cloud, 10 % to 
J* general galactic field. The average median galactic latitude for B 
•tors between 7 -26 and 8'-25 (visual) is -1°- 4. and the sun is 50 light 
years to the north of the galactic plane. The diameter of the Local Cloud 
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is irregular in form, but of the order of 1000 parsecs. Of the Galactic 
Concentration, F and G stars are largely dwarfs and only slightly con¬ 
centrated towards the Galaxy. Longitude is important because of the 
particular star clouds, the dark nebulosities, and the eccentric position 
of the sun. Asymmetry in longitude is a striking characteristic in the 
distribution of Mr/ variables. A stars preponderate in low galactic, K 
stars in high latitudes. Of the distances and numbers of stars, the 
great majority of stars in the catalogue are within 1000 parsecs. There 
arc 3600 early B stars, of which 20 % are farther away than 1000 parsecs, 
and the faintest (visual magnitude 11*6) are more than 3000 parsecs 
away. The volume explored for B stars is 2000 times as great as that in 
which dwarf G stars are observed. The great majority of stars are 
extreme dwarfs, showing that a star spends most of its life in the later 
spectral stages ; there are about 2000 times as many solar dwarfs as 
early B stars, and 350 times as many solar stars as M giants. A. S. D. M. 


1729. Absorbing Power of Stellar Atmospheres. Salet. (Comptes 
Rendus, 178. pp. 1474-1475. April 28. 1924.)—The total energy received 
from stars can be measured with the radio-micrometer or the thermo¬ 
electric pile, and Coblentz has shown that the proportion of visible light- 
radiation to the total radiation is. on an average, twice as gTeat for A 
and B type stars as for solar stars. Theoretically it should be less. 
Nordmann therefore concludes (Abstract 1568 (1920)] that the general 
absorptive power of stellar atmospheres decreases from the solar type 
to the higher-temperature types. It must be remembered, however, 
that with A and B stars the maximum energy is in the more refrangible 
part of the spectrum, and that absorption is more effective here than 
in the visible part, so that we should rather conclude that the A and B 
stars have powerfully absorbing atmospheres. Moreover, our own 
atmosphere also absorbs radiations from the stars, and especially the 
ultra-violet rays. The proportion varies also between stars of the same 
spectTal type. This may be due to various causes, such, for example, as 
the presence of a companion of lower temperature ; but if due to differences 
of absorptive power in the atmospheres of different stars of A and B types, 
the absorption must be more effective where the visual magnitude is 
equal but the total energy received is less. M * A ' 


1730. Relation Between Masses and Luminosities of Stars. A. S. 
Eddington. (Roy/ Astron. Soc., M.N. 84. pp. 308-332, March, 19 • 
Nature, 113. pp. 786-788. May 31. 1924.)—By means of the theory ot 
the stellar absorption-coefficient, which in a previous paper (Abstrac 
1109 ( 1924 )] was used to calculate the absolute magnitude o 
Capclla, it should be possible to determine differentially the absolute 
magnitude of any gaseous (giant) star whose mass and effective 
temperature are known. Taking 36 stars for which these data arc 
reasonably well determined, it seems that the formula* of the theory 
predict correctly the absolute magnitudes of all. though more than hai 
the number are dwarfs ; and it appears that the low luminosity of tne 
dwarfs is fully accounted for by their comparatively small mass, with< l“ h 
appeal to any other physical difference. This result is in conflict wi 
the current view that dwarf stars are too dense to follow the laws of a 
perfect gas, and that their low luminosity is due to deviation from 
gas laws. It is argued that dense stars may still possess the compr esSI ' 
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bihty of a perfect gas. for. owing to high ionisation, stellar atoms have 
only about 1 / 100,000 of the bulk of ordinary atoms, and therefore failure 
of the laws of a perfect gas need not be expected until an enormously 
high density is reached. The effect of the high electric charges of the 
ionised atoms in resisting compression has been considered, but it appears 
that it would not appreciably affect the stars considered. Notwith¬ 
standing a wide range of physical condition in the interior of the stars 
discussed, the ionisation level is not very different in any of them. The 
assumption that the same molecular weight can be assumed for all of 
them is thus closely justified. 

The extent of the conflict between the present results and the current 
theory of stellar evolution depends on whether we admit that the mass 
of a star diminishes to an important extent by radiation of energy during 
its lifetime. If the star gradually bums itself away in liberating sub¬ 
atomic energy, the sole divergence between the present theory and the 
giant and dwarf theory is that diminishing brightness in the dwarf sequence 
is attributed to decreasing mass and not to decreasing compressibility. 
The conception of an ascending and descending series, judged by effective 
temperature, is thus retained, although, as judged by internal temperature, 
there is probably a continuous ascent. By way of appendix, a discussion 
is given of the fundamental quartic equation of the theory of radiative 
equilibrium, in which account is taken of the gradual increase of molecular 
weight from the centre to the boundary of the star. M. A. E. 

1731. Micvometric and Interferometer Measurements of Double Stars. 
M. Maggini. (Accad. Lincci. Atti, 33. i. pp. 186-189. March 2. 1924.)— 
vVhcn the values of the interferometer measurements of double stars arc 
tabulated against those obtained by micrometry, a systematic difference 
appears. If I be the interferometer and M the micrometer values. I - M 
is a positive quantity which decreases regularly as the separation increases. 
The error is traced to diffraction, which causes an apparent displacement 
of the images of close stars and introduces a micrometric error. The 
magnitude of the error is worked out for the instruments used for this 
class of work in the observatories of Yerkes, Lick, and Nizzo. A. Wh. 

J732. Motions of Sjnral Nebula. W. M. Smart. (Roy. Astron. Soc., 
M.N. 84. pp. 333-353, March. 1924.)—An investigation into the proper 
motions of the seven spiral nebula? measured by van Maanen. The 
plate constants of these were deduced from about 20 comparison stars 
''l n> C USU ^ way * and from thcse comparison stars the proper motions 
° n nebu, ar points are derived. Van Maanen adopted three methods 
o o taming X and Y, the components of the proper motion of the whole 
ne u a. The author first inquires into the errors which may be introduced 
!* 1 V > A and Y hy Proper motions of the comparison stars themselves, 
but finds these negligible; next into the probable errors in X and Y by 
van Maanen s methods, and finds that these may be greater than the 
values of X and Y ; third, he proposes two methods of his own : (1) by 
a. selection of groups of nebular points so that the mean motion of a group 
a tti) is compared with the mean motion of a similar group at 
('l.ffl + 180 °), and so on; ( 2 ) since at a constant distance from the 
and th ® P 1 * 0 ® of the nebula the values of the radial (v) and the 
rotational (w) motion are constant if the nebula region is divided into 
a number of rings (circular or elliptical according as the inclination is 
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zero or not), a least square solution can be made for v, w, X and Y for 
each ring. The author applies the first method to six of the spirals and 
the second to M 51. and finds that van Maanen’s proper motions are real 
and of the right order of magnitude. Their mean proper motion is about 
0 "01 per annum, and if their mean cross velocity is 600 km./sec., their 
mean parallax is about 0-"0001. He finds, further, that in this case M 81 
is no exception to the rule that spiral nebulx are receding from the 
Milky Way. [See Abstract 804 (1924).] A. S. D. M. 


1733. Diffusion Theory of Comets. H. Mache. (Phil. Mag. 47. 
pp. 724-735, April. 1924.)—When a glass bead is fused above the cone 
of a Bunsen burner flame, the form of the luminous sodium vapour is 
like that of a comet near the sun. The author finds, by making two 
simple assumptions, that the isothermal surfaces are those of rotation 
about the r-axis, and are given by the equation, &r = A .e‘ ( * - ')/***. These 
shapes vary with the velocity of flow of the gas through the intermediate 
forms between a sphere and a paraboloid, the edges being most defined 
near the glass bead and diminishing in distinctness with distance from it. 
Applying these deductions to comets, the author finds the analogy to the 
Bunsen gas flame in the coronal gas, which (as Saha has shown) need not 
be of small atomic weight. The green coronium line has been traced 
at a height of 20', and the corona itself to 6° or 7° from the sun ; and he 
concludes that if such a gas has once been raised to such heights by 
radiation pressure, it can leave the sun permanently, for if the light- 
pressure is greater than the solar attraction it will remain greater. The 
magnitude of the velocity may be very large, and will diminish but slowly 
with increasing distance from the sun. If the velocity be so large that 
the atomic ions become positive atomic rays, the action on the comctary 
gas will no longer be one of simple impact; the cometary gases will diffuse 
with almost molecular velocity into the outward stream of gas driven 
from the sun by radiation, just as the sodium vapour is developed from 
the bead. The author interprets the essential features of comets; the 
concentric envelopes; the sharp and the diffuse boundaries of the tails. 
and Bredichin's three types of tails, though these are not interpreted 
as Bredichin did. But if it should prove that the atomic ions which 
leave the sun are accelerated by light-pressure until they attain t c 
velocity of atomic rays, they will excite luminosity in the molecules o 
the cometary gas and cause it to stream. This action on the cometary 
gas is not directly by light-pressure, but through the agency of matter 
transmitted with large velocity away from the sun. A. S. D. • 


1734. Luminosity and Density Functions. F. H. Seares. (& • 
Wilson Observat. ContTib. No. 271. Astrophys. J. 59. pp. 

1924.)—The luminosity and density functions of Kapteyn and van Rmj 
are combined to give an apparent luminosity function, which express 
the distribution of absolute magnitude for all stars brighter than apparen 
magnitude m 0 . Values of the function for successive limits to mo — 1 
are found and compared with counts made of the helium stars of Kaptey 
and of the star of other types in the tables of spectroscopic parallaxes. 
Beyond m 0 = 5-0 the data are incomplete. To this limit the agreemen 
is good for absolute magnitude M ^ -f 1 -6.' For M <0 there is an eXC . 

in the calculated value, and forM = 0-H 1 - 5 an excess in the observ 

number, but the agreement is within the uncertainties of the data. 
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In calculating absolute magnitudes from parallaxes. Siromberg’s 
observation that the solar velocity is greater with respect to dwarf than 
to giant stars must be allowed for, and may partially explain the apparent 
systematic difference between mean and measured parallaxes. The 
luminosity function being of the form of an error function where M 0 is 
the mode, it has been claimed that the excess of low luminosities observed 
among the nearer stars shows that the value of M 0 should be increased. 
This view is supported, though I.uyten's conclusions on this subject arc 
invalidated by selection of data In general the luminosity and density 
functions, derived principally from faint stars, show good agreement with 
data both for faint and bright stars. A Wh 

1735. Effects of Atmospheric Dispersion upon Determinations of Stellar 
Parallax. F. Slocum. (Astrophys. J. 59. pp. 108-113, March. 1924.)— 
Systematic errors in stellar parallaxes determined by the trigonometrical 
method appear to be different for stars of different colours. It has been 
suggested that this may be due to atmospheric dispersion. To test this 
a pair of stars, one red, the other blue (spectral types. Mb and Bf»). were 
selected, and the field photographed with the 20 -inch refractor of the 
van Vleck Observatory at hour angles varying from Oh. to 4h. 30m. Iso- 
chromatic plates and a colour filter were used. The positions of the 
coloured stars were measured with respect to six comparison stars of 
about the 10th magnitude. From 40 exposures on 20 plates the displace¬ 
ment in zenith distance at altitude 45°. relative to the group of com¬ 
parison stars, is for the red star - O'-025 ± O'-019. and for the blue 
star -f 0*-016 ± O'-019. The signs arc as would be expected, refraction 
raising the blue star more and the red star less than the faint comparison 
stars, probably of about type G. For parallax work, only the components 
of these values in right ascension need be considered, and these arc so 
small that for plates taken within half an hour of the meridian no 
appreciable errors due to atmospheric dispersion need be feared. Author. 

1736. Spectroscopic Parallaxes of 100 H-Type Stars. D. L. Edwards. 

(Roy. Astron. Soc.. M.N. 84. pp. 366-377. March. 1924.)—In an earlier 
paper [Abstract 875 (1923)] it was shown that the absolute magnitude 
of a B-typc star bears such a well-defined relation to the intensities of 
certain helium lines in its spectrum that the relation affords a method 
of determining the parallax of the star. Since then much valuable 
material has been published on this subject, especially Rasmuson's memoir 
on moving clusters and the McCormick Observatory list of trigonometrical 
parallaxes of B-type stars. Using these new data, reduction curves of 
grea precision have been derived. The two pairs of lines described 
before, Hy - A4388 and H8 - A4144. and also the pair Hy - A4471, have 
been used. The curves thus obtained are compared with those derived from 
the results of Plummer. Charlier, and van Rhijn, and although there 
are sometimes large differences for individual stars, the general agreement 
is good. Parallaxes of 100 stars are given, and are compared with paral- 
axes from Mt. Wilson Observatory and other sources. For those 
s ars of the hundred which belong to moving clusters, the mean group 
P a J2 ?I IS + O'’0090, and the mean spectroscopic parallax now derived 
• S r** n 85 ' *° r *k° se whose trigonometrical parallax is known, the mean 
is and the mean spectroscopic parallax is 0'013. These results 

confirm the Mt. Wilson assumption of a relation between spectral 
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type and absolute magnitude, especially when Adams and Joy’s division 
into sharp-line and diffuse-line stars is taken into account. It is possible 
that the measurement of the intensities of the helium lines simply amounts 
to an accurate method of subdividing the spectral types. M. A. E. 

1737. Spectral Classes and Hypothetical Parallaxes of 100 Faint Stars 
of Large Proper Motion. W. J. Luyten. (Lick Observat., Bull. 11. 
No. 351. pp. 127-129. 1924.) 

1738. E. W. Brown's Suggestion to Apply Delaunay's Lunar Theory to 
Jupiter's 8th Satellite. J. Trousset. (Bull. Astronomique, 3. No. 2. 
pp. 337-340, 1923.)—It is indicated that Delaunay's series, which proceeds 
by powers of m (ratio of means of motions of satellite and of planet), 
e and y (eccentricity and sine of semi-inclination of the satellite), are not 
carried far enough for Jupiter viii, for these terms are much greater than 
in the case of the moon. The author refers to the thesis for his doctorate 
in 1913, where he calculated the numerical values of the sums of the series 
for in = — 0-172 (the case of Jupiter viii) and for all the terms where p 
(the sum of the exponents e, y, . . .) is less or equal to 4. and compares 
his results with those suggested by Brown. In this thesis he had also 
found approximate numerical values for wt, e, and y, for Jupiter viii. 

A. S.D.M. 

1739. Comparison of Average Velocity of Binaries and Single Stars. 

J. H. Oort. (Astron. J. 35. pp. 141-144. April 4, 1924.)—There seems 
to be a relation between absolute magnitude and average velocity ; there 
may be equipartition of energy between early and late type spectra (see 
Abstract 1559 (1922)] ; the author therefore inquires into the comparative 
velocities of double and single stars. He finds no appreciable difference 
in mass between the single stars and the brighter components of the doubles, 
and in the material used the average mass of the binary system comes out 
as about 1-7 that of the single star. A table gives the avcra * e 
velocities freed from solar motion of the two classes for types AO-A*. 
B0-B9, F0-F9, G0-G9, and K0-K9. For types A and F there seem 
no difference in average velocity, though the binaries have 1*7 tunes 
the mass of the singles. For G and K the binaries have lower velocity, 
and this may be due to their companions being of A or B type, so that uiey 
should themselves, therefore, be placed in these classes, both on accoun 
of their motions and of their galactic condensation. A. b. 

1740. The Absolute Magnitudes of Long-Period Variable Stars. p - 
Merrill and G. Stromberg. (Mt. Wilson Observat. Contrib. No. 20 • 
Astrophys. J. 59. pp. 97-107. March. 1924.) 

1741. Space-Velocities of Long-Period Variable Stars of Classes Me 
andSe. G. Stromberg and P. W. Merrill. (Astrophys. J. b9. pp- * 
154, April, 1924.)— Computation of Velocity-Ellipsoids.— The three r 
angular velocity-components of the motion relative to the sun of 8V io b 
period variables of spectral classes M and S have been computed tro 
the radial velocities, proper motions, and absolute magnitudes. 
stars were divided into two groups according to their spectra; (1) » 
to M6e ; (2) M7tf, M8e and Se. The elements of the velocity-elhps 01 ^ 
for each group were determined, and are given in Table I in 8 aIac 
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coordinates, and in Table II in equatorial coordinates. The direction 
of the major axis is about the same in both groups as for other classes 
of stars, but the dispersion of the velocities is much larger, especially for 
the first group. 

The asymmetry in the velocity distribution is very marked among these 
stars, as evidenced by the fact that the first group (containing the 
fastest moving stars) is shifted farther from the origin toward the third 
quadrant of the galactic longitude than is the other group. Author. 

1742. Photometric Observations of Some Variable Stars. S. Aurino. 

(Accad. Lincei. Atti. 32. ii. pp. 388-391. Dec. 2. 1923.)—Observations 
over the period February to July. 1923, of the variable stars X Cancri. 
T Cancri, R Leonis, RX Virginis and R Virginis are given. A. Wh. 

1743. Spectral Types and Colour Indices of the Components of Double 

Stars. G. Abetti. (Accad. Lincei. Atti. 32. ii. pp. 488-492, Dec. 10, 
1923.)—A table is shown containing 35 double stars from the Burnham 
catalogue with the types, colour indices, parallaxes, and absolute magni¬ 
tudes of each component. Then arranging the spectral types in their 
order of evolution, primarily classifying into giants, intermediates, and 
dwarfs, and plotting against the difference of the colour indices of the 
components, a smooth relation is apparent. Similarly the variation of 
the logarithm of the density of either component with the order of evolution 
shows similar regularities. \ \vh. 

1744. Study of Variable Star SX Herculis. W. J. Luyten. (Lick 
Observat.. Bull. 11. No. 331. pp. 124-127. 1924.)—Table 8 gives a list of 
observations made with the Lick 36-in. and the Mt. Wilson 10-in. refractor 
and 100-in. reflector, by the author, between May 24 and October 12, 
1922. Ihe bright hydrogen lines seem to develop very shortly after 
minimum and disappear 30-40 days before the next minimum. A re- 
discussion of the light variation elements by Luizct anti the author 
visually, and by Jordan photographically, indicates that Jordan’s period 
of 102-8 days is probably nearest the true one. Luizct found the minimum 
of the light curve sharply defined ; the author found the light of both 
phases flat as in a sine curve ; ** Harv. Bull.” 774 gave its photographic 
light curve like the brighter Cepheids in the Magellanic Cloud. But 
Cepheids give a constant range in magnitude and period, and the galactic 
Cepheids have spectra clustering round G and (except in W Virginis) 
s iow no bright lines. SX Herculis, with varying maxima and minima, has 
high galactic latitude, spectral class varying from K2 to M6, and variable 
bright lines-thus differing from the average Cepheids. It resembles 
the long period M d variables in the time of reappearance of the bright lines, 
but dillers from them in maintaining the relative intensities of these lines. 
Its length of period lies between those of the Cepheids and of the M d 
variables, and these do not fit on the period-luminosity curve. Shapley 
estimates its visual magnitude as -7ra., corresponding to a parallax of 
0 - 0001; the author finds for it the values M s H = 4 0"*- 9.. tt s h =0 * 042 

and tangential velocity = 31 km./sec.. with space velocity = 36 km./sec., 
bhapleys value would give a tangential velocity of the order of 1300 
km./sec., and place the star in a sparse region 10,000 parsecs away. 

A. S. D. M. 
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1745. Radial Velocity of € Auriga. H. Ludendorff. (Preuss. Akad. 
Wiss. Berlin, Ber. 9. pp. 49-69, 1924.)—This star has been known to be 
variable since 1921, and has been classed as irregular. The author showed, 
however, from a discussion of all available observations of its light-changes, 
that it is an Algol variable of very long period, viz. 27-1 years (Astrono- 
mische Nachrichten, 164. p. 81, 192. p. 389.) The minimum bright¬ 
ness, which is 0-74 magnitude less than the normal, lasts for about 340 
days, and the periods of decreasing and increasing brightness are about 
ISO days each. The middle of the next minimum should be in May, 1929. 
The spectrum is cl : 5, and it is therefore doubtless a super-giant like all 
c-stars; its absolute magnitude has been found at the Mt. Wilson 
observatory to be —2 0. In the present paper the period is deduced from 
the varying radial velocity obtained from measurements of 182 spectro¬ 
grams taken by the author and Eberhard between 1901 and 1913 and 
some data published by various American observers between 1897 and 
1920. The curve derived from these observations agrees very well with 
the period of 27 • 1 years deduced from the light-changes, in every way 
confirming the hypothesis of an eclipsing companion, and provisional 
elements of its orbit are given. It seems necessary to assume that the 
companion is se\en times as long in the direction of motion as in the 
direction at right angles to this, which suggests that it ihay resemble a 
swarm of meteors rather than a star. The chief star must be assumed to 


have an extremely low density and large diameter. 

Superposed upon the long-period curve is another of about 150 days, 
but this varies greatly in length and amplitude, and cannot possibly 
represent the movement of a third component. For (1) there is no 
change in the character of the spectral lines and no trace of a second 
spectrum during the whole period of normal brightness, and only during 
minimum and the period of increasing brightness have changes been 
observed, the lines becoming less clearly defined and unsymmetncai. 
and (2) the irregularities in the short-period curve are too great and too 
rapid to be accounted for by gravitational disturbance of a close companion 
caused by the eclipsing long-period companion. No plates have ” ee 
obtained at Potsdam during the period of decreasing brightness, and tne 
cause of the peculiar spectral changes cannot profitably be discussed un 
these are available and a large spectral region has been photograpneo. 
It is, however, suggested as a probability that during minimum we see 
light from the bright component coming to us through the outer atmos 
phere of the companion, and anomalous dispersion perhaps plays a pa. 


In five other c-stars which are spectroscopic binaries the radial velocity 
also appears to be irregular, and the same is the case with the rem 
ac-stars, and especially the 8 Cephei variables. As with e Aung* thereto . 
the radial-velocity curve cannot be explained by simple orbital motion 
two components, yet it is improbable that all are tnple systems. * 
more likely, especially since all are presumably of very low density * 
the irregularities are due, not to orbital motion, but to some such 
as pulsation, which has been suggested for the 8 Cephei ac-stars. M. A. 

1746. The Orbit of the Spectroscopic Binary 8 Trianguli. J . A. PearCC. 
(Lick Ob’servat., Bull. 11. No. 352. pp. 131-132. 1924.) 

1747. Double Cluster in Perseus. C. Parvulesco. (Bull. Astro 0 ®” 
mique, 3. No. 3. pp. 393-434, 1923.)—The chief results, in the order 
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given in the paper, are: A determination and discussion of the photo¬ 
graphic magnitude of 7500 stars in the cluster and neighbourhood. The 
cluster is double, and between h and * Persei there is a zone sparse in 
stars which is taken as the boundary between them. In the clusters 
there are stars of all apparent magnitudes between 6-22 and 16 ; that is 
to say, the dispersion in luminosity is 1 to 10,000. Curves are given 
showing the frequency for different magnitudes in the regions of h and 
X Persei, and the relation between absolute and apparent magnitudes 
and spectral types in the cluster h and the cluster*. Adams'linear relation 
is indisputable, but it is here a band and not a geometrical curve. This 
is due either to the assumption that in these clusters stars of the same 
apparent magnitude are of the same absolute, or to a genuine physical 
variation ; the latter is probably the effective reason. The brightness 
of a star can vary much without sensible alteration in its spectral type. 
This caused van Maanen to conclude that the theories of Adams and 
Russell do not hold good for the Perseus clusters. The parallax of h is 
0* • 0021 and of * is O' • 0020. The mean velocity of a star is proportional 
to the amplitude of its motion. It is also in inverse ratio to the square 
root of the mass, and therefore the mean mass of the stars is in inverse 
ratio to the square of the amplitude of the movement. As in other 
clusters, no double stars are found. The clusters show a stratified 
condition or a tendency to conform to such. A and B, the brightest 
types, have a quarter of the amplitude of the faintest types. K and M 
which reach to the periphery of the clusters. The amplitudes, mean 
velocities, and mean masses being related, if we know the amplitudes 
we can calculate the masses. These relations are given for 13. F, G and K. 
If the emission power of a K-giant is the same as that of a K-dwarf, 
then a K-dwarf is 60.000 times as dense as a K-giant. We can derive 
the relative ages of clusters from the presence or absence of the giants 
of a certain type ; the Perseus cluster is less aged than a cluster containing 
only F and K dwarfs. The stars surrounding the double cluster have 
large proper motions, which are nearly parallel to the plane of the Milky 
Way, which seems to be the fundamental plane for stellar motions, at 
least of those of faint stars. No internal proper motions with respect 
to the centres of gravity are apparent in the double clusters. No 
correlation appears to be between the proper motions, the photographic 
magnitudes, or the spectral types. Adams and van Maanen have found 
* rad * a * Vcl ° C,ty £or thc doub,e cluster of - 43-1 km./sec. ±0-9 km./sec. 

[See Abstract 1114 (1924).] A. S. D. M. 

T . 1748 ' Photometric Variation of X and T Cancri. S. Aurino. (Accad. 
Lmcei, Atti 32. u. pp. 483-487. Dec. 16. 1923.)—The photometric curves 
Y^o-T a ". d T Cancn are 6 iven *° r periods between February and July. 
l9a ’ and some discussion of the curves is also included in thc paper. 

A. VVh. 

} 7 * 9 ' S P eclro S* a phic Observations of Mira Ceti, R Leonis, T Cebhei, 
and J* SerpenHs. E. B. Frost and (Miss) F. Lowater. (Astrophys. 

+ Dec., 1923.)—-The authors confine themselves chiefly 

to the two first stars, and give plates of their spectra and a list of thc 
early papers dealing with them. They find that for the four stars the 
‘ s .P* acticaU y constant, though different from star to star, but 
that the bright hydrogen lines give a smaller positive value for the velocity 
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than the dark lines, and this is approximately the same difference for 
all four stars, and is of the order of 20 km./sec. They therefore suggest 
that the bright hydrogen lines may be due to eruptions, similar to the 
eruptive solar prominences, and that the various broadenings of the 
hydrogen lines may be caused by the various inclinations to the line of 
sight of these eruptions; also that as these eruptions may be periodic, 
and as the bright lines in Mira disappear at minimum, the variation in 
magnitude may be due to the varying speed, quantity, and height of the 
gas projected. They point out that the difference in displacement of 
the bright and dark lines cannot probably be due to pressure, as this 
should be small as in the case of the sun. where it is but the small fraction 
of an atmosphere. They find that most of the bright lines are due to 
the rarer elements, and that the presence of titanium oxide indicates a 
comparatively low temperature in these stars, so that if the bright lines 
indicate a high temperature, they must arise from a body separated from 
the source of the bands. This paper has been held over from publication 
since 1917. and therefore does not discuss the work made at Mt. Wilson 
(chiefly) since that date. A - s - D. 


1750. Constitution of Mira Ceti Variables, la Rosa. (Accad. Lincei, 
Atti, 33. i. pp. 3-7, Jan. 13. 1924.)—It is shown that the light curve of 
this type of variable can in general be explained readily if two hypotheses 
arc allowed : (1) that the velocity of light is compounded with the velocity 
of its source ; (2) that such ** double '* stars are in general complex stars. 

A. Wh. 


1751. Photometric Variations of R Leonis. RX Virginis and R Virginis. 
S. Aurino. (Accad. Lincei, Atti, 33. i. pp. 17-20. Jan. 13, 1924.) 

R Leonis is observed from February to July. 1923. A minimum is found 
at March 18, 1923. A value at Harvard, May 15, 1922, gives the period 
307 days as compared with 313 days previously found. RX Virginis is 
observed from February to July. 1923. The curve is somewhat irregular, 
oscillations occurring with a period which varies, but is about a mon . 
R Virginis is observed from February to July, 1923. A period >s 
deduced of about 80 days. 
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1752. Extinction Coefficients of Some Acids and their Salts in the Ultra¬ 
violet. J. C. Ghosh and S. C. Bisvas. (Zeits. Elektrochem. 30. 
pp. 97-103, March, 1924.)—It appears to be a general rule that the strong 
acids and their sodium and potassium salts show corresponding values 
of the absorption coefficients in the ultra-violet. Nitric acid and 
potassium nitrate give amongst themselves identical absorption co¬ 
efficients. whilst a little different from sodium and barium nitrate. The 
reason for this variation is not clear. Passing over to the weak acids, 
the absorption coefficient markedly changes in these with the salt for¬ 
mation. Comparing trichloracetic acid with acetic acid, it is established 
that, whilst the first and its sodium salt possess throughout similar 
absorption spectra, with the last named acid and its sodium salt a certain 
variation in the absorption coefficient exists. The absorption region 
remains confined very nearly to the same portion of the spectrum. 

J- J- s. 

1753. Testing Coloured Material for Fastness to Light. H. S. Thayer. 
(Am. Ilium. Eng. Soc., Trans. 19. pp. 336-348; Disc., 348-350, April, 
1924.) 

1754. Refractive Indices of Calcite and Aragonite. W. L. Bragg. 

(Roy. Soc., Proc. 105. pp. 370-386, April 1. 1924.)—Accepted values for 
the refractivities of Ca, C. and O atoms in calcite and aragonite show that 
more than 80 per cent, of the total rcfractivity is due to the O atoms, 
and the explanation of the strong bi-refringcnce exhibited by these 
crystals must therefore be sought in the structure of the C0 3 groups, 
about which X-ray analysis gives information. A comparison of the 
refractivities of several molecules or ions containing 3 oxygen atoms 
leads to the conclusion that the carbon atom has a negligible refractivity. 
The oxygen atoms are thus more highly polarised by an electric field 
than are the other atoms in the crystal. An oxygen atom is more strongly 
influenced by the other two atoms in its own group than by neighbouring 
atoms, lhe result of this mutual influence of atoms in the same groups 
is that they arc more strongly polarised by an electric field parallel to the 
plane of the group than by one perpendicular. Hence the refractive 
index of the crystal is greater when the electric vector is perpendicular 
to the trigonal axis of calcite than when it is parallel to the axis. The 
same is true of the pseudo-hexagonal axis of aragonite. Excluding the 
effect of atoms in other groups, values of the two indices arc calculated 
and found to be in fair agreement with those observed. When account 
is taken of the effects of other oxygen atoms better agreement is obtained. 
The explanation may be extended to other rhombohedral carbonates. 
Similar considerations lead one to expect weak bi-refringence in sulphates, 
and this is the case. G. A. S. 

1755. Optical Constants of Opaque Metal Films. K. Lauch. (Ann. d. 
Phyrik, 74. 1. pp. 56-79, April. 1924.)—The technique of cathode 
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sputtering is investigated, and numerical values of current, voltage, time, 
etc., are cited which lead to the obtaining of chemically pure and otherwise 
satisfactory mirrors. 

Using two wave-lengths, the optical constants and angles of principal 
incidence and principal azimuths for opaque films of various metals are 
determined, the results being set out in the following table, in which n is 
the refractive index, A the absorption coefficient, K the absorption 
index (A = «K], R the reflection coefficient, <f> the angle of principal 
incidence, and ip the principal azimuth. 


A - 5780 A.U. 


Meul. 

n. 

A. 

K. 

K%. 

4 

T 

Silver . 

0172 

3-34 

19-30 

94-5 

74-5° 

43-6° 

Gold. 

0-302 

2-70 

8-93 

86-6 

71-7° 

42-15° 

Platinum. 

1-920 

4-05 

2-10 

69-2 

77-9° 

32-8° 

Copper . 

0-515 

2-53 

4-91 

76-3 

70-95° 

39-9° 

Nickel . 

1-840 

2-97 

1 - 61 I 

56-5 

74-85° 

30-1° 


A 

=» 5460 A.U. 




Silver . 

0-168 

3-14 

19-60 

94-0 

73-7° 

43-6° 

Gold. 

0-446 

2-39 

5-36 

77-2 

70-1° 

40-4° 

Platinum. 

1-830 

3-85 

2-09 

67-9 

77-9° 

32-8° 

Copper . 

0-901 

2-43 

2-70 

62-2 

70-9° 

36-95° 

Nickel . 

1-810 

2-85 

1-57 

54-9 

72-6° 

29-8° 


For different degrees of purity a functional relation is found to hold 
between the constants and between the angles of principal incidence, 
the purest layer showing the smallest refractive index. It is further 
established that the absorption coefficient A and the angle <f> arc 
characteristic of the closeness of packing of the particles in the layer, 
and that the values of the constants corresponding to the highest A 
approximate closely to the values for metals in bulk. Those layers 
having different values of n for the same A are to be regarded as aniso¬ 
tropic. They satisfy the equations holding for double refraction as 
produced by an arrangement of rods, and the difference of their values 
is thus to be attributed to a varying orientation of the axes of particles 
in the layer. G - A> S ' 


1756. Range of Measuretnents with Refractomelers. G. Haenzel. 
(Zeits. techn. Physik, 6. 4. pp. 140-141, 1924.)—An expression for A 
the range of measurement of refractive indices by means of the Pulfnc 
refractometer, is derived in the form cos <f> = A/2 c, <p denoting the ang e 
of the prism employed and c the limiting value of the sine of the ang * 
of emergence of the ray from the prism on either sidfe of the normal o 
the prism face. Values of the refractive indices of pairs of prisms tor 
the continuous measurement of the refractive indices of liquids comjneacing 
at 1 • 3 are tabulated for values of A equal to 0-1, 0-2 and 0*3, and 0 
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values of c equal to 0-1, 0-2, 0*3. 0-5 and 0-7. Curves are drawn in 
which abscissa? represent values of k, whilst ordinates represent limiting 
values of c for values of the refractive index of the prism ranging from 
1-5 to 1-9. [See Abstract 1118 (1922).] J. S. G. T. 

1757. Measurement of Refractive Index of Large Discs of Glass. J. 

Barot. (Rev. d'Optique, 2. pp. 502-505. Dec., 1923.)—The author 
describes a method devised for measuring the refractive index of a large 
glass disc, such as that prepared for a large astronomical objective. For 
precise calculation it is necessary to determine the refractive index of the 
actual piece of glass used, and it is not sufficient to take the index found 
for another portion of the same melt. Two plane faces are ground on the 
edge of the disc at suitable points, the angle between these faces being 
as nearly as possible 60°. The exact angle of the prism thus formed 
and the angle of minimum deviation are measured by comparison with 
the corresponding angles of a reference prism previously measured. This 
prism is taken from the same melt as the disc to be measured, so that the 
differences involved are small. The special form of goniometer employed 
is described in the paper. J. W. T. W. 

1758. Changes in Refractivity produced by Ultra-violet Light. H. G. 
Smith. (Roy. Soc. Canada. Trans. 17. Sect. 3. pp. 63-69. 1923.)—Owing 
to modifications produced in the molecules, the rcfractivitics of certain 
gases should be different under the influence of ultra-violet light from 
what they arc in the normal case. To test this a tube containing hydrogen, 
nitrogen and mercury vapour in turn is placed in one path of a Jamin 
interforometer and the fringe movement consequent on shutting off 
ultra-violet rays which had been exciting the gas for a given time noted. 
Results are given showing increases in refractivity of hydrogen and 
nirtogen on shutting off the rays; this seems to indicate dissociation 
into atoms. Mercury most often showed a decrease, possibly owing to 
the formation of a diatomic molecule. Rough figures arc given for the 
life of atomic hydrogen and nitrogen under the given conditions. G. A. S. 

1759. Dispersion of Light by Irregular Refraction and by Molecular 
Scattering. J. Spijkerboer. (K. Akad. Amsterdam, Proc. 27. 1-2. 
pp. 165-173, 1924.)—The effect of the mutual influence of molecular 
scattering and scattering by irregular refraction upon the dispersion of 
light in the photosphere of the sun is investigated mathematically. It is 
shown that each kind of scattering contributes to the economical consump¬ 
tion of energy available within the solar nucleus, this energy being emitted 
at a slower rate than would be the case in the absence of scattering. In 
an atmosphere comprising regions where molecular scattering occurs, and 
in which the density varies irregularly, the effect of irregular refraction 
upon the distribution of radiation in different directions and on the 
intensity of the emitted radiation is less marked the greater the depth at 
which the scattering region occurs within the atmosphere. J. S. G. T. 

1760. Twyman's Interferometer. K. Butkow. (Zeits. f. Physik, 22. 
6. pp. 384-396, 1924.)—Discussion of the application of Twyman’s inter¬ 
ferometer [Abstract 830 (1923)] to the estimation of aberrations of the 
third order in optical systems. The topics worked out are the form of 
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the waves ; spherical aberration in general; spherical and chromatic 
aberration in a photographic lens; the same in a telescope; coma; 
astigmatism ; curvature of the image. A. d! 

1761. The Optics of the Nervous System. L. T. Troland. (Optical 
Soc.-of America. J. and Rev. Sci. Inst. 8. pp. 389-409. March, 1924.) 
—Presidential address to the Optical Society of America. 

1762. Vision and the Technique of Art. A. Ames, Jr., C. A. Proctor 

and B. Ames. (Am. Acad.. Proc. 58. pp. 3-47, Feb.. 1923.)—This paper 
is divided into seven chapters, and deals with pictorial effects rather than 
with optics. Subjects to which particular attention is paid are aberration, 
depth of field, distortion, sensitivity of the retina, and binocular vision. 
The paper is profusely illustrated in order to show the characteristics of 
the images formed by the lens system of the human eye. The authors 
call attention to monocular depth, and point out that this may be due 
to chromatic aberration. W. R. C. 

1763. The Contemporary Position as regards Experimental Technique 

in Photochemistry. J. Plotnikow. (Zcits. techn. Physik, 5. 4. pp. 113— 
125, 1924.)—Apparatus available for photochemical investigations— viz., 
radiation sources and thermostats, apparatus for the measurement of 
radiant energy and for the determination of the Schwarzschild constant 
of a photographic plate, light filters—is briefly reviewed and critically 
discussed. J. S. G. T. 

1764. The Mesomorphic State and Magnetic Double Refraction. L. 
Royer. (Comptes Rendus, 178. pp. 1066-1068, March 24. 1924.)—The 
optical behaviour of mesomorphic bodies is explained by analogy with 
magnetic double refraction [see Abstract 809 (1910)]. Langevin's laws 
are applied [Abstract 1423 (1910)] and verified by means of Dorn 

and Lohmann’s data for ethyl ethoxybenzalamino-a-methylcinnamate 
[Abstract 1397 (1909)]. Havelock's law of dispersion is not always accu¬ 
rately obeyed by mesomorphic bodies, but with rise of temperature the 
double refraction decreases, as in the magnetic effect. From these resem¬ 
blances it is concluded that the mesomorphic state is due to a spontaneous 
mutual orientation of the molecules caused by a molecular field. G. E. A. 

1765. Photographic Photometry in the Ultra-violet. G. R. Harrison 
and C. E. Hesthal. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. 
pp. 471-485, March, 1924.)—The difficulties and advantages of photo¬ 
graphic photometry in the ultra-violet are briefly discussed, and details 
given of the photographic characteristics of a commercial panchromatic 
film exposed to radiation of wave-length 4889-2100 A. and developed 
with elon-hydrochinon. The results obtained indicate that as the wave¬ 
length of the radiation decreases from the visible region, provided the 
rate of influx of light energy remains great enough, the contrast does not 
measurably decrease until a wave-length equal to about 2600 A. is reached. 
The contrast falls to a very low value at 2360 A., and then increases, 
attaining a value equal to that in the visible region of the spectrum at 
about 2144 A. The speed of the emulsion decreases rapidly with decrease 
of wave-length, the decrease being very rapid below 2400 A. The length 
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of the straight portion of the characteristic curve of the plate varies more 
with the rate of energy input than with wave-length, although, on the 
whole, the scale is less in the ultra-violet. The value of p in Schwarzs- 
child’s relation d = y log I tP — c [Abstract 815 (1900)] is found to be not 
a constant. Self-reversal does not set in so rapidly in the ultra-violet as 
has been supposed, provided sufficient intensity is available. For equal 
intensities in the visible and ultra-violet regions, self-reversal sets in at 
lower densities in the latter case. A panchromatic film bathed with 
." Nujol ” has its opacity/exposure ratio at 2144 A. increased 225 times 
compared with that of normal film for high intensities of light. This 
greater sensitivity is attributable to a greater threshold sensitivity and 
speed. At 2400 A. bathing the film increases both contrast and speed, 
with the result that the sensitivity is increased four times only. Very 
little effect is produced above 2500 A. J. S. G. T. 

1766. The Laws of Blackening of Photographic Plates. H. Buisson 
and C. Fabry. (Rev. d’Optique. 3. pp. 1-27, Jan., 1924.)—The object 
of the article is to give an exposition of the laws governing the densities 
of photographic plates and to establish some new properties of these 
plates. Having defined the density which characterises the blackening 
of the plate, the authors describe the apparatus used to measure the 
densities, such as opacity-meters and microphotometers. The Hartmann 
microphotometer is described in some detail, and also a photometric 
apparatus by Jobin. A brief reference is made to the subject of s.ensi- 
tometers. The question of the darkening of the plate as a function of 
the intensity of the active light and of the time of exposure is also investi¬ 
gated. The results obtained indicate that there is a very marked influence 
of the active radiation on the law of darkening, the factor of development 
(gamma) being able to vary from 3 to 1 when there is a variation of radiation 
from the visible spectrum to an ultra-violet one in the region of 2500. 

A theory is put forward to account for this large variation. The article 
is concluded by a sketch of the photometric methods used in photography 
and of the conditions in which these methods have given numerical 
values having a definite signification. A. VV. J. 

1767. Generalised Meridional and Sagittal Formula. E. D. Roe. 
(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 461-470, March. 
1924.) A mathematical deduction, from first principles, of the formula; 
giving the path of a ray travelling from one homogeneous medium into 
a second, the bounding surfaces between the media being of any form 
whatever. The results obtained arc compared with those deduced by 
Heath (Geometrical Optics, 2nd ed., 1895. pp. 180 ct seq.). which the 
author considers to be lacking in rigour and consistency. The treatment 
is essentially mathematical and cannot be conveniently abstracted. 

... J. W. T. W. 

1768. Influence of Defects in Uniformity of Photographic Plates upon 
Photometric Measurements. (Miss) Clavier. (Bull. Astronomique. 3. 
No..2. pp. 341-359. 1923.)—Photography has come more and more into 
general use in scientific research, but the method is open to serious criticism. 

1 he photographic plate does not register accurately ; it possesses defects 
of uniformity which limit the precision obtainable in measurements of 
photographic photometry. When a plate is acted upon by a uniform 
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light, differences in densities are found at different points, often greater 
than errors able to affect the measurement itself. In the present paper 
a number of plates are examined photometrically in order that the errors 
due to the non-homogeneity of the photographic plates may be discovered 
and the means of correcting these found. The inequalities may be due 
to the emulsion, to its support or to development; these points are dis¬ 
cussed. It is found that the precision of the measurements in photo¬ 
graphic photometry is limited by the plate itself, and certain methods of 
removing much of the disability are described. A. E. G. 

1769. Equi-altitude Measurement by Photography. R. Baillaud. 

(Rev. d’Optique, 3. pp. 71-79, Feb., 1924.) —An astrolabe with a large 
prism is provided with means for photographing the two images of a star. 
The image lines traced out by the star are interrupted at every alternate 
second by a screen which is operated electrically by means of a clock. 
The exact time of coincidence of the images may therefore be determined 
without any personal error of the observer. The construction of this 
screen system, and of the double bath of mercury used as an horizon 
free from vibration, is described in the paper. J. W. T. W. 

1770. Multiple Photographic Objective with reduced Stereoscopic Effect. 
J. Thovert. (Rev. d’Optique. 3. pp. 80-82, Feb., 1924.) —Trichromatic 
photography by means of three juxtaposed objectives possesses the dis¬ 
advantage that the stereoscopic effect interferes with the accurate super¬ 
position of the images, especially when the object photographed possesses 
considerable depth. The device of forming a real image, by means of 
a single lens, on a diffusing surface, and then taking a triple photograph 
of this image, is inconvenient on account of the loss of light involved. The 
author describes a device in which a virtual image of the object is formed 
by a diverging lens placed in front of the multiple photographic lens. 
This virtual image possesses a much reduced depth, with a corresponding 
reduction in the stereoscopic effect produced in the final photographs. 

J. W. T.W. 

1771. Optical Pyrometer as a Brightness Photometer. W. E.Forsythe. 

(Frank. Inst., J. J97. pp. 517-625, April. 1924.)— The optical pyrometer 
is essentially a brightness photometer, the comparison being made only 
for those wave-lengths lying within the restricted region of the spectrum 
transmitted by the pyrometer filter. It is thus readily adaptable to 
photometry by the Crova method. • The author describes experiments 
made with a special filter consisting of two pieces of unsaturated green 
and a piece of Corning high-transmission red. This combination has a 
very narrow band of transmission in the region 0-57 to 0-58 /*. A table 
is given to show the results obtained by various observers in measuring 
with this screen, in a disappearing filament pyrometer, the brightness of 
a white surface illuminated by means of a gas-filled lamp. The readings 
were in much closer agreement by this method than when the same 
measurement was made by the same observers using an ordinary photo¬ 
meter. J. W. T. W. 

1772. Glitter and its Measurement. H. Schulz. (Zeits. techn. Physik, 
5. 4. pp. 135-140, 1924.) —The dependence of the glitter of a surface upon 
the ratio of the light regularly reflected to that diffusely scattered by 
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the surface is briefly discussed, and an apparatus by the use of which 
this ratio may be determined is described. Light from the small glow- 
lamp L passes through the condenser C and falls upon the surface to be 
investigated. Light is regularly reflected to the prism P,. and thence to 
the photometric comparison prism P 3 . Scattered light is reflected by 
the prism P 2 to P 3 . The two halves of the prism P 3 are observed in an 
eye-piece as shown. A is a compensating plate for eliminating any initial 
softening of the scattered light. The two beams are adjusted to equality, 
as viewed in the eye-piece, by suitable adjustmentof the wedge Km, which 
is turned by the handle E. The position of the wedge relative to the 
reflected beam is read on a scale visible on the window F. Light filters 
separating out radiation of approximate mean wave-lengths 630, 580 , 630 
and 480 /i/4 respectively may be inserted in the incident beam from L 



by suitable adjustment of T. The scale of the instrument is extended by 
inserting an absorbing wedge, rotated into position by means of U, in 
the regularly reflected beam. Precautions necessary in the use of the 
instrument are briefly discussed. J. S. G. T. 

1773. Measurement of Daylight Factor. A. K. Taylor. (Journ. Sci. 
Instruments, 1. pp. 214-218. April. 1924.)—A portable instrument is 
described for the direct measurement of the daylight factor at any place. 
A test card is placed in the given position, and a disc of the same colour 
and reflection ratio is suitably illuminated by direct skylight passing 
through an iris diaphragm. The size of the diaphragm is altered until 
the brightness of the disc is equal to that of the test card, when the 
daylight factor can be read off directly. The scale calibration can be 
deduced from theory or determined by experiment; the range can be 
altered by the use of neutral filters. G. A. S. 

. 177 t™ N H?!! lSlide . Modification. T. Smith. (Journ. Sci. Instruments, 
1. pp. 209 213, April, 1924.)—In its ordinary form the nodal slide can 
be used only when the light waves incident on the lens are sensibly plane, 
it can be made available for cases where the incident light is divergent 
y introducing between object and lens a Galilean telescope which is 
made to undergo the same longitudinal movements as the point of the 
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image momentarily being examined. Applications to photographic and 
interferometric methods of examination are given. G. A. S. 

1775. New Flicker Photometer for Heterochromatic Photometry. J. 

Guild. (Joum. Sci. Instruments, 1. pp. 182-189, March, 1924.)—The 
bench flicker photometer, the construction, maintenance and use of which 
is described in the present article, was designed in the Optics Department 
of the National Physical Laboratory. The instrument satisfies the condi¬ 
tions found by H. F.. Ives in order that a flicker photometer may measure 
true brightness, and has the advantage over the attachment designed by 
E. F. Kingsbury for converting an ordinary Lummer-Brodhun photometer 
into a flicker photometer that no optical parts intervene between the 
eye and the screens, thus allowing the lamps to be as far from the instru¬ 
ment as possible in view of the high illumination required. M. A. G. 

1776. Experimental Illustration of the Theory of Optical Gratings. 
A. L. McAulay. (Hoy. Soc. Tasmania, Proc. pp. 87-102, 1923.)—Simple 
apparatus is described which enables direct observation to be made of 
the factors that determine the different properties of optical gratings, 
such as resolving power, the intensity of a spectrum of given order, etc. 

G. A. S. 

1777. Magnetic Potation in Sputtered Cobalt Films. L. R. Ingersoll. 

(OpticalSoc. of America, J. and Rev. Sci. Inst. 8. pp. 493-500. April, 1924.)— 
The author has previously studied the magnetic rotation of the plane of 
polarised light in ferromagnetic films [Abstract 1534 (1909)), and it is 
known that the electrical resistance of such films decreases with time, and 
that this diminution can be accelerated by thermal treatment. In the 
present paper the effect of ageing on the magnetic rotation of the plane 
of polarisation in sputtered Co films has been investigated. The films 
were prepared in a special chamber, which allowed the film to be kept 
cool during the process of sputtering. The rotation measurements were 
made over a range of wave-lengths 0-6 to 2-3/t. both for the Faraday 
and Kerr effects. The thermal treatment consisted in maintaining the 
films for various periods of time (up to 40 hou.*s) at different temperatures 
(up to 340° C) in an atmosphere of low pressure H. As regards both trans¬ 
mission and reflection effects this thermal treatment caused only a small 
increase of the rotation in the region of the visible spectrum, but the 
increase became very much larger as the range of longer wave-lengths 
was approached (as much as 10 times for 2/z). If the heat treatment 
coalesces the granules of which the film is composed into larger units, it 
would appear that the magnetic rotation is dependent on the size and 
charactei of the particles, and cannot be regarded as a molecular or atomic 
property. This view is apparently confirmed by two further experiments: 
(1) on colloidal iron in isobutyl alcohol, which showed no rotation above 
that of the alcohol itself, although the iron particles were strongly mag¬ 
netic ; (2) on a sputtered film of Ni, which showed no rotatory effect until 
subjected to heat treatment. . L. L. 

1778. Electric and Magnetic Double Refraction of Suspensions. S. 
Procopiu. (Ann. de Physique. 1. Ser. 10. pp. 213-292, March-April. 
1924.)—Liquids which hold solid particles in suspension may become 
bi-refringent, but their properties are not the same as those of pure liquids. 
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The bi-refringence is brought out by relatively weak fields, and tends 
rapidly to a saturation value ; it is also accompanied by dichroism. i.e. an 
unequal absorption of the light for vibrations parallel and perpendicular 
to the direction of the applied field. The author used a quarter-wave 
plate in conjunction with a Laurent analyser (Senarmont-Chauvin 
method) to detect and measure the double refraction, monochromatic 
light of various wave-lengths being obtained by means of filters and a 
half-watt lamp. "Mixed liquors" are formed from insulating liquids 
and powdered uniaxial crystals. When a crystal is associated with a 
liquid of the same index as the mean index of the crystal, the electric 
double refraction is positive, i.e. the extraordinary index for vibrations 
parallel to the field lines is greater than the ordinary index for vibrations 
perpendicular to the field ; zirconium is an exception to this statement. 
Analogous results were found for magnetic double refraction. In the 
case of metallic powders suspended in benzine and toluol, all the liquors 
exhibited negative bi refringence in electric and magnetic fields. The 
optical activity of smoke was also studied. [See also Abstracts 55 (1903), 
2059 (1907). 1530 (1909), 662 (1912) and 1751 (1921).] G. E. A. 

1779. Diffraction by a Circular Aperture. S. Smith. (Roy. Soc. 

Canada. Trans. 17. Sect. 3. pp. 173-179. 1923.)—The case of a plane wave 
of simple harmonic type assumed to be incident normally on a plane screen 
with a circular aperture is investigated mathematically. As limited to 
a longitudinal wave, a method is developed of calculating the relative 
intensities of the diffracted radiation at points lying on the normal to the 
aperture through its centre, the main feature of the method being that it 
can be used when the points lie very close to the aperture. A new method 
is given for obtaining the well-known expression for the distribution of 
intensity of the diffracted radiation over a plane parallel to the aperture, 
but very distant from it. A. Ii. C. L. 

1780. Scattering of Light by Liquids: Effect of Direction on Polarisa¬ 

tion and Intensity. W. H. Martin. (Roy. Soc. Canada. Trans. 17. 
Sect. 3. pp. 151-155, 1923.)—In Rayleigh's investigation [sec Abstract 
1665 (1899)] of the variation of the intensity and polarisation of the light 
scattered by any medium with the direction in which the scattered light 
is observed is limited to the particular case in which the light scattered 
in a direction normal to the direction of propagation of the incident light 
is completely plane-polarised. Experiment having shown that for dust- 
free gases and liquids the scattered light is not completely plane-polarised, 
the effect is considered of this defect in polarisation on the distribution 
of the light scattered in various directions. The investigation is carried 
out on the lines of that pursued by Rayleigh, with the limitation that for 
liquids the electric field within any molecule must be considered as being 
greatly affected by the neighbouring molecules. Experimental checks 
by Lehrman, showing satisfactory agreement with calculated results, 
are quoted. , A & c. L. 

1781. Dispersity of Silver Halides in Relation to their Photographic 
Behaviour. F.E.E. Germann and M. C. Hylan. (J. Phys. Chem. 28. 
pp. 449-456, May, 1024.)—A brief risumi is given of the results of the 
work of various authorities on the relation between the size of the silver 
halide grain and the speed of the photographic plate. The authors first 
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consider the subject from a purely theoretical standpoint, and then 
describe experiments made with the object of testing their conclusions. 
It is shown that from purely theoretical considerations small-grained 
photographic emulsions should be faster than large-grained ones; the 
apparent variations from this rule are explained on the basis of adsorption 
of the silver halide. Adsorption phenomena being more accentuated in 
silver iodide than in silver halides, a study of emulsions of this material was 
undertaken by the authors. Both large- and small-grained emulsion prepara¬ 
tion methods are described. It was found that among unsensitised emul¬ 
sions the ones containing the larger grains were the faster, whilst in the case 
of sensitised emulsions the ones containing the smaller grains were found 
to be the faster. It was concluded that, in ordinary photographic emul¬ 
sions, owing to adsorbed impurities, it is impossible to formulate any rela¬ 
tionship between grain size and sensitiveness, but that among emulsions 
free from adsorbed retarders the ones containing the smaller grains are 
the faster. A. W. J. 

1782. The Dispersion of Light in Gaseous Bodies within the Ultra-violet 
Spectrum. Part IV. J. Koch. (Ark. f. Mat. Astron. och Fysik, Stock¬ 
holm, 18. No. 3. pp. 1-15, 1924. In German.)—The present paper is a 
continuation of previous work published in the above journal in 1912, 
1913 and 1914. It commences with a description of Drude’s dispersion 
theory and the later work of Natanson, Debye, and Somraerfcld. 
Following this comes an account of the author's experimental method, 
which is an extension and amplification of the trustworthy Jamin refracto- 
metcr method. By suitable arrangements the whole course of the disper¬ 
sion could be accurately followed with only two spectral photographs. 
In the three previous papers the dispersion of light has been measured 
in hydrogen, atmospheric air, nitrogen, helium, carbon monoxide and 
carbon dioxide, and this work has now been extended to nitrous and 
nitric oxides by an improved experimental installation now to hand. 
The previous work showed that, with the exception of helium, the simple 
Cauchy dispersion formula does not give accurately enough the course 
of the dispersion in the extended region. Especially great are the devia¬ 
tions in cases where a strong ultra-violet absorption occurs as shown for 
carbon monoxide. With nitric oxide a strong absorption was found by 
Kreusler at about 2000 A.U., and from the dispersion data now obtained 
the simple Cauchy formula is found insufficient, showing that from the 
standpoint of the classical theory the assumption of only one ultra-violet 
fundamental period does not explain the whole dispersion range. The 
absorption rises with extraordinary rapidity at the end of the quartz 
violet. The data for nitrous oxide deviate much less from the Cauchy 
formula than is the case for nitric oxide, and accompanying this circum¬ 
stance is the greater transparency for ultra-violet light. Methods ot 
preparation of the two gases are described, and complete tables of data 
are included. The paper concludes with a general discussion of the 
problem relating to dispersion and the molecular structure of matter. 

H. H. Ho. 

1783. The Theories of Luminous Waves and Carnot’s Principle . H. 
Ghipart. (Comptes Rendus, 178. pp. 1156-1158, March 31, 1924.)-^ 
Sarrau was of the opinion that the system of equations expressing his 
theory, <i 2 D/bfi '= AE — grad. div. E, E = /, (DbD/b^, t)D/Dy, 2>D/d*)« 
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could afford an explanation of the phenomena of crystalline absorption. 
He states that the ordinary plane wave parallel to the axis is generally 
evanescent, and the extraordinary plane wave may be propagated without 
being impaired. The ordinary plane wave may cease to decrease when 
parallel to the principal axis and perpendicular to one of the three planes 
of symmetry in a crystal of the ternary system. The present author 
criticises the above statement as the result of a mistake by Sarrau. since 
instead of being evanescent, the waves exhibit a disymmetry of propaga¬ 
tion incompatible with Carnot's principle. This is mathematically 
demonstrated by the author, who establishes the reality of the roots of the 
velocity equation furnished by the electromagnetic theory. H. H. Ho. 


1784. Duration of Light Emission from Atoms and the Damping of 
Spectral Lines. Part HI. W. Wien. (Ann. d. Physik. 73. 7-8. pp. 483- 
604, March. 1924.)—Further measurements have been made of the damping 
constants of spectral lines. The arrangement of apparatus employed 
was the same as that used in the earlier work (Abstract 901 (1922)1, but 
higher discharge potentials in the canal ray tube were used. Measurements 
were made for various lines of helium, mercury and hydrogen. The results 
finally obtained for the damping constant 2a were as follows: 

aJ* 4 ? ? 40 x 10? ' He (^ 447 -85 fifi, principal scries), 

6-42 x 10 7 ; Hg (A435-83second subordinate scries). 5 5 x 10 7 ; 
Hg (A263-6 fifi), 1 02 x 10 7 . The theoretical value given by the classical 
theory for H a is 6-36 X 10 7 . A discussion is given of two methods for 
photometric measurements in the ultra-violet. ( 1 ) measurements of photo¬ 
electric currents, and (2) photographic method. The latter is the more 
sensitive. Special experiments were carried out to determine the absorp¬ 
tion mdex. . 


1785. Interferential Methods of Determining the Duration and Law of 
Amission of Light by Atoms. E. Bauer. (Comptes Rendus. 178. pp. 1208- 
♦h r k* 1 ‘ 1924 )—According to the electromagnetic theory of Lorcntz, 
the light emitted by electrons vibrating in the atoms is constituted by 
trains of damped P criodic w *ves. This theory has been replaced by the 

hypothesis of quanta, which give us a relation between the frequency 
and total energy of a tram of elementary waves, but gives no information 
,l°' emission itself In 1019 W. Wien |scc Abstract 
. ^ to attain the latter by measurement of the luminous 

a — 150,013 o£ a bcam of r ays in a perfect vacuum, 

a ms intensity diminishes starting from the kathode according to a law 
almost exponential. jWien deduced from these experiments the decre¬ 
ment of the luminous oscillations, of which the value is very nearly that 
foreseen by the classic theory. It is pointed out that the experiments 
. len 010 not « ive tbc required information about the elementary 
phenomenon. Methods of tackling this problem are discussed, and it is 
p pos to continue along experimental lines, commencing with ultra¬ 
violet rays of mercury excited by resonance. A. E. G. 

*786. The Mechanism of Luminous Emission in the Simplest Conditions. 
L. Dunoyer. (Comptes Rendus. 178. pp. 1475-1478, April 28. 1924.)— 

. auer as recently (see preceding Abstract) described some experiments 
which he is undertaking relative to the damping of luminous emission 
cen es y means of a gas of one dimension. In that paper Bauer made 
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certain references to the present author, and this paper is intended to 
make the position of the latter clear. An experimental method is here 
described, which it is pointed out was used in 1914 and is analogous to 
that which Wien used in 1919 with canal rays. It would thus appear 
incorrect for Bauer to consider the experiments of Wien as the first attempt 
to attain by direct experiment the damping of centres of luminous emission. 

A. E. G.- 

1787. Triboluminescence Spectra. C. S. Beals. (Roy. Soc. Canada, 

Trans. 17. Sect. 3. pp. 125-129, 1923.)—Pieces of manganese, cerium,, 
quartz, and wurzite of circular cross-section were mounted on the shaft 
of an electric motor in turn, and the tribolumincscent spectra excited by 
pressing a piece of steel or carborundum against them (and in the case of 
quartz, another piece of quartz). As a result, two types of tribolumines- 
cence may he distinguished. The two metals gave a continuous spectrum, 
and in addition a few lines occurring in the arc spectrum of the metal. 
No luminescence could be induced under water. It was therefore concluded 
that oxidation was the main cause of the phenomenon. On the other 
hand, the quartz and wurzite gave continuous spectra only, and this could 
also be produced under water. From this it was deduced that with 
crystals the power of giving luminescence is an intrinsic property of the 
crystal, and is independent of the surrounding medium. [See also Abstract 
2274 (1922).] A. C. M. 

1788. Intensity Relations in the Helium Spectrum. C. B. Bazzoni 
and J. T. Lay. (Phys. Rev. 23. pp. 327-330. March, 1924.)—Inside a 
blown quartz tube, electrons from a tungsten spiral were accelerated into 
the equipotential space inside a hollow copper anode. Unusual purity 
was obtained by heating the anode red-hot by high-frequency induction 
to remove gases, in addition to other precautions. The minimum oper¬ 
ating potential was found to be 21 -5 volts, just above the resonance poten¬ 
tial. The relative importance of the ionisations at 20-6 and at 25-5 
volts depends on the pressure and current density; after the current 
has risen to a high value the 25-5 point is obscured, indicating probably 
a decrease in the proportion of normal atoms under the increased radiation. 
The change in relative intensity of arc spectrum lines with voltage was studied 
for 25 to 85 volts, using the neutral wedge method of Nicholson and 
Merton. The crossed orbit lines A4437 (IP — 4S), A4387 (IP —,4 ), 
A4922 (IP - 3D). A5016 (IS - 2P) all increase with voltage, though not 
uniformly, while the co-planar lines A4713 (\ir — 3o). A5876 (lw - 
A4471 (lrr — 38) all diminish to a minimum at about 50 volts. Author. 

1789. Excitation of the Helium Spectrum by Electronic Bombardment. 
A. Udden and J. C. Jacobsen. (Phys. Rev. 23. pp. 322-326, March, 
1924 .)— Ortho- and Parhelium Spectra with the Energy of the Exciting 
Electrons. 25 to 100 Volts.— In the tubes used, electrons were accelerated 
from a Wehnelt cathode through a platinum grid 1 nim. away into a metal 
box, and the spectrum of the light produced inside the box was photo¬ 
graphed. A pressure of about 1 mm. was used. At the higher voltages, 
the two spectra were of about equal intensity, but at low voltages the 
orthohelium spectra was relatively much the stronger. This is explained 
by supposing that the orthohelium spectrum is to a large extent due to 
bombardment of metastable atoms by electrons with energies corresponding 
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to less than 5 volts. A special experiment, however, in which the helium 
was bombarded by both 6 -volt and 21 -volt electrons, gave a negative 
result, no additional light being excited by the slower electrons ; but this 
is not considered as conclusive. * Author. 


1790. Modification of the Band 3064 of Oxygen in the Magnetic Field. 

R. Fortrat. (J. de Physique et le Radium. 6. pp. 20-32. Jan.. 1924.)— 
This band has already been analysed into its band-series by Heurlinger. 
He simplified it into two bands, each double and each consisting of the 
usual three branches. P. Q and R. The source was the oxy-acetylene 
flame, and it was observed perpendicularly to the lines of force. * The 
modifications were greatest near the head of the band ; they were all 
asymmetrical, and could be divided into three classes—doubling, displace¬ 
ment, and asymmetrical widening. The possibility that these modifica¬ 
tions are really the beginnings of simplifications is rejected, as first, the 
doublets arc very widely separated, and so a very great sensitivity would 
have to be postulated, and secondly, instead of being drawn together 
by the field, they are driven apart. The actual modifications arc given in 
detail; they are too numerous to be abstracted. The results confirm 
Heurlinger’s analysis. It is found that lines of the same band-series 
undergo modifications of the same nature, but different in extent. This 
law is only partially obeyed; many important exceptions arc found. 
Hie largest field used was 39.700 gauss. It is suggested that with still higher 
fields important simplifications might be effected. A. C. M. 

1791. Reversed Spectrum and Spectrum-Analysis. A. Kirschmann. 

(Zeits. Instrumcntcnk. 44. pp. 173-175. April. 1924.)—Methods of pro¬ 
ducing reversed spectra have previously been given [see Abstract 945 
(1917)]. By using a fine wire or hair as negative slit the characteristic 
lines of elements are seen as fine black lines upon a coloured background. 
Accurate settings can be made on such lines, especially in the case of faint 
flame spectra. The method has been tried with Geisler tubes, and is 
suggested for astronomical work. p y 

1792. Spectrographic Methods for the Ultra-violet. J. Duclaux and 
P. Jeantet. (Rev. d'Optique. 2. pp. 384-391. Sept.. 1923.)—The use 
ot ordinary photographic plates for the ultra-violet as far as 1850 A. is 
recommended, provided the plate has been smeared with a film of oil. 
Many lubricating oils are strongly fluorescent between 4700 A. and 3700 A., 
out better results have been obtained with colourless vaseline oil which 
fluoresces between 3800 A. and 3200 A. The thickness of film should 
be 0-003 mm., or about 1 drop per square decimetre. By this means 
exposures have been reduced to , part at 1900 A. 

As dispersive medium a 70° hollow prism filled with water and provided 
with quartz cover-plates is advised, the reasons advanced being ( 1 ) water 
is homogeneous while quartz in general is not; ( 2 ) larger prisms can be 
employed, as it is easier to get good plates of quartz than good blocks ; 
( 3 ) dispersion beyond 2000 A. is greater for water than for quartz ; ( 4 ) as 
the mean refractive index of water is less, a larger angle prism can be 
psed to further increase the dispersion ; ( 6 ) the transparency of water 
is superior. The disadvantages are ( 1 ) the dispersion of water for longer 
waves than 3000 A. is so small as to be useless ; (2) the variation of refrac¬ 
tive index wnth temperature is forty times as great for water as for quartz. 
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The latter has, however, given less trouble than would be expected. A 
number of reproductions of spark spectra to 1850 A. are given. F. S. 


1793. Arc Spectra of Metals in Various Media and in Vacuo. S. 
Procopiu. (Ann. de Physique, 1. Ser. 10. pp. 89-133, Jan.-Feb., 1924.) 
—Most previous work refers to the appearance of spark lines in metallic 
arcs, so that it is of interest to examine the variations of arc lines. Arcs 
of the metals Cu. Au, Mg. Ca, Zn, Cd. Hg, A1 and T1 were studied in air, 
hydrogen, nitrogen, coal-gas, water and vacuum. An arc lamp with 
magnetic feed was used, and the spectra photographed with a Hilger 
quartz spectrograph. In water, coal-gas and hydrogen the arc lines are 
feeble, and most energy is transferred to the first few members of the 
various series, while many spark lines appear. Arc lines are also broadened. 
Lists are given of the lines and series which persist. In nitrogen, arc 
lines arc stable, and the higher terms of series are emitted as well as in 
vacuo. Spark lines in this case are weakened. In this gas a number of 
arc lines arc reversed. The effect of a Bunsen flame on the arc is similar 
to that of a vacuum, many spark lines being produced, and many arc 
lines reversed. It is possible to get some lines, such as the H and K 
lines of Ca, doubly reversed. The characteristic appearance of the arc 
in vacuum, especially in the case of the more fusible metals, such as Zn 
and Cd, consists of a bright white light round the cathode and a rosy glow 
round the anode. Two stable conditions occur according as to whether 
or not the anode penetrates the cathode light. The potential across the 
arc in the former case is considerably less than in the latter, and varies 
with the metal of the electrodes. The lines in vacuum arc sufficiently 


sharp for interference measurements, and the higher terms of series are 
produced sufficiently intensely to be measured. Many lines, both arc and 
spark, are reversed. The appearance of arc and spark lines differs so much 
from that in air as to constitute a method of separation of the two cate¬ 
gories of lines. For vacua higher than 1 mm. of mercury a continuous 
ultra-violet spectrum appears, more especially at the anode. It is estab¬ 
lished that material is transferred from the cathode to the anode. In 
the case of arcs formed between poles of different metals, the spectrum 
consists chiefly of lines belonging to the metal of the cathode. Spark 
lines arc produced in greater number by introducing the oxide or a halogen 


salt of the metal into the arc. 


F. S. 


1794. A New Hydrocarbon Band. R. Fortrat. (Comptes Rcndus, 

178. pp. 1272-1275, April 7, 1924.)—To the bands A4320 and A3889 are 
to be added a new band A3143. It is shown to possess the customary 
three branches, P, Q and R. It has been observed in the blue cone of the 
hydrocarbon flame. A little confusion is caused by superposition with the 
oxygen band A3064 emitted at the same time. The new band resembles 
the other two bands as much as they resemble each other, so that it is 
quite possible that it is emitted by the same molecule, but probably under 
different conditions. The value of the moment of inertia calculated fro® 
the band formula (which does not fit very well, so that mean values have 
to be employed) is in close agreement with that calculated from the other 
two bands. ' ' A ; C; *J 

1795. Spectra of Isotopes. H. Nagaoka and Y. Sugiura. (Nature, 
113. pp. 632-534, April 12, 1924.)—Atoms, especially in the ionised state, 
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may form pairs, and so give rise to non-series lines. Where isotopes are 
present, symmetrical and asymmetrical pairs may be formed. Jf two 
atoms are quasi-elasrically connected and set in vibration, then the fre¬ 
quency will be VffVix, where/is a constant depending on the connection 
and [/. is the quotient of the product and sum of the masses. These vibra- 
tions have been quantised by Born and Hiickel [Abstract 1527 (1923)1. 
As/will be electromagnetic in origin, it can be taken to be the same in the 
case of isotopes, and so one obtains for the difference in wave-length dX 
pet ween two symmetric pairs 


dX 


(* - VS*.- 


and for symmetric apd asymmetric pairs 


and 




where m, < w/ 2 . and X { < X.,. X., being the wave-length due to the heavier 
pair. Nine elements have so far been examined for the presence of these 
ines. and the coincidence is close, while a very large number of non-series 
lines are made to agree ; eg. out of 856 Ne lines examined. 498 arc in agree¬ 
ment. It is suggested that the method may have great value in determining 
isotopic atomic weights and in gleaning information about the structure 
of the nucleus. A q 

1796. Spectra of Argon. Krypton and Xenon. G.D6jardin. (Comptes 
Rcndus 178. pp. 1069-1071. March 24. 1924.)-An account of the excita- 
lon of the spectra of these elements in three successive stages, by increasing 
the velocity of ionising electrons in three and four electrode tubes. It 
is found that these stages arc the same as are obtained by increasing the 
potential applied in the electrodeless discharge [see Abstract 1471 (1924)1. 
The present paper deals with xenon in particular. The critical poten¬ 
tials are determined by the study of the variations in ionisation current 
Thi current with variation of the accelerating potential. 

1 r 9 ? A rU ?„ 13 observed when the potentials are greater than 

A ' a- V ° lt3 f ° r Kr * 10 9 vo,ts £or Xc lt is emitted by 
/fK 001 ' and 13 therefore the arc spectrum. The second spectrum 
I ire !v gr0 i ,pS ' CXCited by Succcss ively higher potentials ; these 
correspond to the first, second and third spark spectra, or the types 

, 8 ’ emi « ed in an electrodeless tube. E, is emitted when the 
potential is greater than one of two limits, depending upon the pressure 
and the e ectron current. These are: A 19 volts. 34 volts ; Kr 15 • 5 volts. 
28-25 volts; Xe 13 volts. 24-26 volts. The differences between these 
pan-s of values are equal to the respective ionisation potentials. It is 
therefore suggested that the lower value is the ionisation potential of the 
monova en ion, while the second is the potential required for simultaneous 
ejection of two elections from the neutral atom—a "double ionisation 
S?255’ . The ! ,nes of the spectrum E? appear when a still higher 
threshold value of potential is passed. These values are : A 70 volts. 
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Kr 59 volts, and Xe 51 volts. Lines probably belonging to a third spark 
spectrum are also obtained. The ratios of the double and single ionisation 
potentials and the ratios of the ionisation potentials of the second and 
first spark spectra are sensibly constant for all these elements. They 
are :— 


A . 2-24 4-61 

Kr. 2-22 4-65 

Xe. 2-22 4-68 


A. C. M. 


1797. The Extreme Ultra-violet Spectrum of the Carbon Arc. W. W. 
Shaver. (Hoy. Soc. Canada, Trans. 17. Sect. 3. pp. 131-135, 1923.) 
—A spectrograph with fluorite prism and lenses was used, together with 
the arc lamp described by McLennan and Ainslie [Abstract 2409 (1922)]. 
The arc was operated with 8 amperes at 110 volts, and Schumann plates 
were used. Of the ten lines between 1930-61 and 1323-79 which were 
recorded in addition to those measured by Simeon [Abstract 1145 (1923)], 
three had been found by Millikan in the hot-spark spectrum, and one 
other, in addition to one of these three, had been observed by Wolff. 


1798. Ultra-violet Line Spectrum of Chlorine. E. v. Angerer. 
(Zeits. wiss. Phot. 22. pp. 200-209. Jan., 1924.)-An investigation ot tne 
spectrum of chlorine between the wave-lengths 2005 A. and 
Tables of the lines observed are given and compared with those obta,ne 
by Jevons (see Abstract 1855 (1923)1. In order to make impuritiesi ox 
less account a stream of chlorine was kept passing through the tunc, 
the discharge was excited by a resonance arrangement, such that lew 
but correspondingly powerful sparks were produced. It is suggested t 
some of the lines in Jevons* list are due to impurities A Stemheil spec 
scope having a dispersion of 15 A. per mm. at 3000 A. and 4-4 . 
was emploved ; the plates were Schumannised, and as standards t h 
arc was used down to 2300 A., and below that the spark between copper 
electrodes. Attention is directed by the author to a 8 rou P o{s " 2 ao 
between 2093 A. and 2086 A. which show symmetry [sec Abstrac 
(1924)]. 


1799. Ultra-violet Spectrum of Chromium. A. B. McLay. {XW 
Soc. Canada. Trans. 17. Sect. 3. pp. 137-139. 1923.)-The sparkspcctrum 
of chromium was photographed with a HUger quartz spectrograph, a sp« 
with one electrode of aluminium and one of zinc-cadmium alloy being 
as comparison. A table of wave-lengths and relative ^ ensltl “ t0 
lines between 1826 and 2204 is given, the wave-lengths being reduce g 
the international scale and to vacuum. 


1800. Ultra-violet Absorption Spectrum of Furfural. F. H - Get J^ 
(J. Phys. Chem. 28. pp. 397-401. April. 1924.)-By means of a^ 
quartz spectrograph and. as source of ultra-violet radiation a con 
spark between two electrodes of ferro-vanadium and ferro-cbromi 
respectively, the behaviour of furfural towards such radiation m 
alcoholic and aqueous solutions has been studied. The results od 
are identical, within the limits of experimental error, with those desen 
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by Purvis [Abstract 63 (1911)]. The persistence with which furfural 
absorbs ultra-violet radiation is doubtless the cause of Hartley and Dobbie's 
failure to detect its selective as well as its general absorption (Chem. 
Soc., J. 73. p. 598 (1898)]. The instability of furfural, indicated by 
its tendency to polymerise, is also probably connected with its marked 
absorbing power for ultra-violet radiation. T. H. P. 

1801. Absorption Spectrum of Gelatin as a Function of the Hydrogen- 

Ion Concentration. H. P. Hlgley and J. H. Mathews. (Am. Chem. 
Soc., J. 46. pp. 852-855, April, 1924.)—The absorption of light by gelatin 
sols is determined by a spcctrophotometric method. The results are 
expressed as curves in which pH values are plotted against the wave¬ 
lengths of the absorption bands for definite fractions of light absorbed. 
The curves are of the same general shape, exhibiting maxima at 5-5 and 
6-6 pH values, and minima at 4 -69 and 7-65. These minima probably 
bear some relation to the iso-electric point of the sol. but it is not quite 
clear what interpretation should be placed upon them. B. W. C. 

1802. Width of Lines in the Hydrogen Spark Spectrum. (Miss) M. 

Hanot. (Comptes Rendus. 178. pp. 1071-1073. March 24. 1924.)—An 
investigation of the effect of pressure on the width of the Balmer lines. 
Hemsalech [Abstract 1428 (1900)] showed that the lines which arc broad 
ordinarily in the spark in hydrogen at atmospheric pressure can be ren¬ 
dered fine and sharp by the inclusion of sufficient inductance. It was 
therefore necessary to find first if the nature of the circuit ( i.e . the period 
and damping of the discharge) were the cause rather than the pressure. 
The lines were examined with a Rowland grating, giving a dispersion in 
the region considered of 5-6 A. per mm. The discharge was a spark 
about 1 mm. long in an atmosphere of hydrogen at a pressure of about 
90 cm. of Hg. The period and damping were varied, using an inductance 
and a variable CuS0 4 resistance. The character of the discharge was 
observed in the rotating mirror. As a result it is shown that the distribu¬ 
tion of intensity is independent of the character of the damping. But the 
widths of the lines were altered by changing the period of the circuit. 
As the period increased the width of the lines decreased, more rapidly 
tor H„ than for H.. It is suggested that this is really a disguised result 
ol alteration of temperature orof pressure. The initial value of the current 
depends on the ratio Vc/Vl. and so the insertion of the inductance 
diminishes the instantaneous rise of temperature and pressure at the first 
passage of the spark. • A. C. M. 

1803. Secondary Standards of Wave-length from the Hew International 

cS*A Ar A F> Me &6 e rs, C. C. Kiess and K. Burns. (Bureau of 

Standards Sci. Papers. No. 478. pp. 263-272. 1924.)—Certain lines, grouped 
as c and d lines because of sensitiveness to pressure, appeared to be dis¬ 
placed relative to a and b lines, so that in 1922 the International Astro¬ 
nomical Union recommended that light be taken from a central zone 
1-1*6 mm. wide in a 12-16-mm. arc instead of from one 2 mm. wide in 
a 6-mm. arc. A new arc lamp is described to achieve the new conditions. 
Measurements were made with interferometer plates with silver and nickel 
films, and spectra photographed with the stigraatic concave grating 
mounting. A cadmium spectrum tube was used as source for the primary 
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standard, and neon tubes for some comparison exposures. Results are 
given for 159 lines between 3370 A. and 6678 A., including 84 of the 
international secondary standards. For 23 lines of groups c and d the 
new values average 0-0072 A. less than the secondary standards. Also 
44 lines of groups a and b average 0-0029 A. less than international values. 
The reason for the latter divergence is not obvious, but it may be due to 
a real error in the international system, which, it is pointed out, was not 
established strictly according to the logical definitions of such a system 
nor with the accuracy which might be possible now in a redetermination. 

F. S. 

1804. Infra-red Absorption of Hydrogen Cyanide. E. F. Barker. 
(Phys. Rev. 23. pp. 200-204, Feb., 1924.)—The similarity of chemical 
behaviour of CN to that of Cl. together with the fact that the ionisation 
potential of HCN is in line with that of HC1, suggests that HCN may possess 
a simple vibration-rotation spectrum and a small molecular moment of 
inertia [see Abstract 1140 (1922)]. Kratzer classes the four infra-red 
bands together as a fundamental and successive harmonics. The three 
bands of lowest wave-length arc now re-examined, and it is shown that 
the two bands of highest frequency arc improbably the second and third 
harmonics of the maximum at 14 /*. The estimates of the moment of 
inertia from the different bands do not agree. The measurements of the 
band at 7 p. give a value about five limes that of HC1, i.e. 13-2 X 10 -40 . 

A. C. M. 

1805. Interferometer Measurements of Longer Wave-lengths in the 

Iron Arc Spectrum. W. F. Meggers and C. C. Kiess. (Bureau of 
Standards. Sci. Papers. No. 479. pp. 273-280. 1924.)—The international 
system of secondary standards extends to 6760 A. in the red, but no exten¬ 
sive interferometer comparisons have been made between the primary 
standard and longer wave-lengths of iron. New values are given for 
161 lines between 6534-625 A. and 8824-238 A., of which 76 are longer 
than 6760 A. The probable error of each value is of the order of 0-001 A. 
In the region in which these determinations overlap the secondary stan¬ 
dards there is a systematic deviation indicating, that the accepted inter¬ 
national scale is nearly 1 part in 1.000,000 too large. Comparison of 
these values with relative ones by Burns shows good agreement if f“ e 
latter are adjusted to the new scale of absolute values. *• &. 

. ' 1806. Series of Triplets in the Arc Spectrum of Mercury. H. Buisson. 
(Comptes Rendus. 178. pp. 1270-1272. April 7, 1924.)—In each of the sharp 
and the diffuse series. the numbers of the first components known is large, 
while at present only a few of the second and third components are known. 
The author has now extended the number of complete triplets by photo¬ 
graphing with a quartz spectrograph the light from a mercury vapour 
lamp through wliich a weak current was passing. The law of constan 
separations is upheld. - i A*., t • 

1807 Isotopes of Mercury and Bismuth revealed in the Satellites of 
their Spectral Lines. H.Nagaoka, Y.SugiuraandT.Mishima. (Nature, 
113. pp. 469-460, March 29, 1924.)—By means of special experiment** 
arrangements, high resolution is obtained in the ultra-violet spectra, an 
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the structure of m a n y hitherto unexplored lines is minutely examined. 
Typical examples are given showing apparently complex structure, the 
analysis being simplified by the consideration that both Hg and Bi are 
near the radio-active elements, so that the nuclei are probably approaching 
a metastable state. The K-radiation shows a small anomaly on passing 
from Au to Hg and from Pb to Bi; and the remarkable resemblance 
of non-series lines in Au and Hg indicates that, in spite of the unit differ¬ 
ence in the atomic number, the nuclei may have something in common. 
The simple assumption is that a H-proton is slightly detached from the 
central nucleus and quasi-elastically connected with it. so that when 
excited by electromagnetic waves they make coupled vibrations. A 
table is given showing the number of satellites observed and the groups 
which can be obtained by their combinations, from which it is concluded 
that the satellites in Hg and Bi lines are due to different isotopes. 

A. B. C. L. 

1808. Lyman Lines in the Neon Spectrum. K. W. Meissner. (Ann. 

d. Physik, 73. 7-8. pp. 643-646. March. 1924.)—Lyman ghost-lines 
(Abstract 794 (1901), Phys. Rev. 16. p. 257, 1903) found in the infra-red 
spectrum of neon. The fundamental line is in the visible spectrum. [See 
Abstract 760 (1919)]. A. D. 

1809. Stellar Temperatures and the Absorption Lines of Silicon. C. H. 

Payne. (Harvard Coll. Obs. Circ. 252. pp. 1-12, 1924.)—The intensities 
of lines due to silicon and to singly, doubly and trebly charged silicon 
have been determined by estimates from objective prism spectra. The 
maximum intensity of the lines from the differently charged atoms occur 
at G6, A0, B2 and Oe. The observed intensity curves agree well with 
curves depending on the theory of Fowler and Milne. It is possible to 
construct a silicon temperature scale which differs considerably from that 
deduced from helium, and indicates even higher temperatures among 
the hotter stars. A. Wh. 

1810. A New X-Ray Goniometer. K. Weissenberg. (Zcits. f. 

Physik, 23. 3-4. pp. 229-238, 1924.)—Describes and illustrates a mechani¬ 
cally coupled arrangement of crystal and photographic plates to permit 
rotation of the crystal and simultaneous experimental determination of 
two reflexions. Thereby the angles between the lattice planes of the 
crystal can be simultaneously determined, and grid constants, goniomctric 
measurements and plane indices rapidly and accurately obtained. The 
theory of the method is considered, and the application of the apparatus 
to crystallographic measurements illustrated at length. B. J. L. 

1811. A Corpuscular Quantum Theory of the Scattering of Polarised 
X-Rays. G. E. M. Jauncey. (Phys. Rev. 23. pp. 313-317, March, 1924.) 
—The methods of a previous paper [Abstract No. 635 (1924)] .which gave 
a corpuscular quantum theory of the scattering of unpolarised X-rays, 
are here applied to the Scattering of polarised X-rays. A formula is 
derived for the intensity scattered in any direction, and from this an 
expression is obtained for the ratio of the intensity scattered in the direc¬ 
tion of the electric vector to that scattered in a direction perpendicular 
both to the electric vector and to the primary beam. The intensity 
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scattered in the direction of the electric vector is not zero as it should be 
on the classical theory. Taking the polarising angle as the angle of scatter¬ 
ing which gives completely polarized rays from unpolarised primary rays, 
a formula is derived which shows that for very long wave-lengths the 
polarising angle is 90°, but for short wave-lengths it is less than 90°. 

Author. 

1812. The Quantum Theory of the Fraunhofer Diffraction. P. S. 
Epstein and P. Ehrenfest. (Nat. Acad. Sci., Proc. 10. pp. 133-139, 
April, 1924.)—Duane has recently [see Abstract 2430 (1923)] formulated 
a theory of the reflection of X-rays by crystals, based on quantum ideas 
without reference to interference laws. Compton, enlarging upon a 
hint in Duane’s paper, has recently [Abstract 415 (1924)] pointed out 
that the latter’s hypothesis can be justified by the application of the general 
rules of the theory of quanta to the translatory motions of a crystal 
lattice. Both these authors have dealt with the case of parallel beams 
of incident and reflected light (Fraunhofer diffraction) and of infinite 
lattices giving absolutely sharp pencils of reflected rays of different order. 
The purpose of the present paper is to study the problems with respect 
to finite gratings and other diffracting systems, again with restriction to 
the case of the Fraunhofer reflection. A finite grating can be regarded as a 
superposition of infinite gratings according to Fourier’s theorem, and mathe¬ 
matically, therefore the problem is reduced to a Fourier analysis. A finite 
grating also produces a more or less continuous spectrum, and in the 
quantum theory the intensity corresponding to any given angle of deflec¬ 
tion of the rays by the grating must be expressed in terms of the probability 
of the light quanta undergoing such a deflection. This suggests the prin¬ 
ciple of correspondence for the investigation. The various mathematical 
sections of the paper deal with the Duanc-Compton rules of quantisation, 
the infinite linear grating, the linear point lattice, and the space lattice. 
The considerations are restricted to the case of the Fraunhofer diffraction, 
and neglect the small change of the wave-length due to the Compton 
effect. They deal only with the linear momentum without reference to 
the possible changes of angular momentum and other quantic conditions 
of the system. This restriction seems natural, as only the linear momentum 
has a direct connection with the direction of motion of the light quantum. 
It appears that the photoelectric phenomena and the Compton effect 
can be explained only by the action of light quanta, while that of Fraun¬ 
hofer diffraction can be treated as well on the basis of the wave theory 
of light as by a combination of the concept of light quanta with Bohrs 
principle of correspondence. The phenomena of coherence resist all 
attempts of the quantum theory. The treatment adopted means rather 
a readjustment than a complete abandoning of the wave theory. 

H. H. Ho. 

1813. Fundamental Principles underlying the Technical Application 
of X-rays, with Especial Reference to Iron. K. A. Sterzel. (Zeits. techn. 

Physik, 5. 1. pp. 22-29 ; 5. 2. 52-59 ; 6. 3. 88-94, and 6. 4. pp. 125-132, 
1924.)—A series of four papers dealing with the fundamental principles 
of X-ray technique, with particular reference to the X-ray study of iron 
and steel of different kinds. The first paper deals mainly with the question 
of absorption coefficients of X-rays in materials, both simple and com¬ 
pound. The materials dealt with are those chiefly occurring in iron and 
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steel manufacture, and include not only the irons and steels themselves, 
but also furnace materials (e.g. CaO, Cu phosphate, magnesia, graphite, 
gases, slag, etc.). A table of densities and absorption coefficients of 
many such materials is given, and X-ray photographs of defective iron 
castings (containing some of the above as impurities) are reproduced. 
In the second paper the question is considered of the loss of intensity of 
X-rays, both homogeneous and heterogeneous, in passing through different 
materials, especially in samples of iron containing air (“ blowholes ”). \\ hen- 
ever possible, simple practical working formula? (with graphical representa¬ 
tions) are deduced. The third paper deals with the scattering of X-rays 
in different materials, whilst paper four, in conclusion, deals with the 
blackening of photographic films by X-rays—in which case also simple 
working formula and graphical illustrations are given. A. B. \V. 


1814. Studies in X-Ray Production. J. A. Crowther. (Brit. J. of 

Radiology, 20. pp. 61-72; Disc., 96-99. April. 1924.)—The author de¬ 
scribes tests made to determine the relative action of coils, transformers, 
tubes and breaks, by means of simultaneous records of potential and 
current, with corresponding records of quantity and quality of X-radiation. 
In his conclusions the author finds that the intensity is proportional to 
instantaneous values of the current and the square of voltage ; the Coolidgc 
tube acts as a thermionic valve, and is a constant maximum current 
device which, operated by a coil, owing to decrease of tube resistance, 
gives a variation of output due to change of secondary potential form. 
For gas tubes there exists a relation i m « V 2 — Vq, where V 0 is breakdown 
voltage. The secondary peak voltage is proportional to value of primary 
current at the break. Via a gas tube (peak voltage) 2 is proportional to 
current at break. The discharge via a gas tube with a transformer is 
shown to be oscillatory in nature and having a frequency of 2000 per second, 
whilst the breakdown voltage increases during each discharge, returning 
to normal between each discharge. Tests were also made on the actions 
of various types of break. [See Abstract 1485 (1924).] B. J. L. 

1815. On the Quantity of the X-Rays excited in Hot Cathode and in 
Gas Tubes by Various Types of Generators of High-Tension Current. 
H. Moore. (Brit. J. of Radiology. 20. pp. 73-96; Disc., 96-99. April, 
1924.)—A lengthy paper giving results of comparative tests on Coolidgc 
and gas tubes when operated at constant potential by transformers and 
by induction coils. Tests were made both by absorption via aluminium 
and by spectroscopic means. The source of constant potential was a 
direct-current machine giving 2-6 amps, at 100,000 volts and also a 
special three-phase rectifier apparatus. Results of the tests show that 
the efficiency of either type of tube is the same, and a maximum when 
operated at constant potential and then in descending order of efficiencies 
are: Gas tube at large alternate gap with transformer or coil; gas 
tube with small alternate gap with either transformer or coil; Coolidge 
tube with transformer ; Coolidge tube with coil. 

The alternative gap method of determining quality of radiation is 
shown, by spectra measurements, to be very inaccurate, and such measure¬ 
ments also show that a Coolidge tube is less efficient than a gas tube 
with either transformer or coil excitation. Dauvillicr’s observation, that 
the discharge via a gas tube at constant potential is intermittent, was 
found to be erroneous, and the intermittent discharge obtained by 
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Dauvillier is explained in terms of the small reserve of power present 
with the influence machine used by this observer, as compared to the large 
reserve of the 250-kw. machine used in the present experiments. 

The advantage of the gas tube over the Coolidge tube in producing 
a harder general radiation is explained in terms of the discharge vid a 
gas tube needing the application of a definite voltage before any current 
is passed, so giving a limit of radiation towards the longer wave-lengths, 
whereas, with the Coolidge tube, current passes whatever the applied 
voltage and more useless soft radiation is produced. As the voltage 
falls on reaching the critical voltage at which radiation ceases, the current 
stops, and no further radiation is given by the gas tube as opposed to the 
converse in the Coolidge tube. This effect would not presumably occur 
at constant voltage excitation, and both tubes would become equally 
efficient. 

The operation of tubes above the critical voltage of the K-radiation 
for the particular material of the anti-cathode, in order to give a more 
homogeneous radiation, is then considered. The advantages of constant 
current operation are : homogeneity, greatest efficiency, quantity can 
be more accurately measured in terms of milliampere-seconds, quality 
is more accurately determined by voltage measurements, more accurate 
dosage measurements and possibility of their exact repetition. B. J. L. 

1816. Spark Lines in the X-Ray Spectrum. G. Wentzel. (Ann. d. 
Physik, 73. 7-8. pp. 647-650. March, 1924.)—A supplement to a previous 
paper [sec Abstract 1313 (1922)), in which the hard lines accompanying 
the scries lines, without belonging to the series, are explained as " spark 
lines," i.e. as emissions from doubly or multiply ionised atoms. The 
theory explains the relations between the distances of the spark lines of 
the first and second order in the case of the Ka satellites of the light 
elements, according to the theory (a 3 — ax) < (a 5 — a 3 )< (a 0 - a 4 ). 
The following table gives the frequency differences as measured by Hjalmar 
in Rydberg units :— 



sag 

13 AI. 

14 Si. 

16 P. 

a 3 - ax 

0-64 

■Sfl 

0-84 

0-96 

a B — a 3 



0-90 

— 

a 6 - a 4 

mm 

mm 

0-94 

- 


It will be seen that the ag — a 4 values for Mg, A1 and Si are practically 
equal to the a 3 — ai values for Al, Si and P respectively, or ag — <* 4 is 
equal to a 3 — ax for the next higher element. (a 3 — ax), = (ag — a 4 )j-i* 
It is shown that this follows from the theory if the influence of a K electron 
on an L ionisation process consists simply in a screening of the nuclear 
charge to the extent of one unit. The above so far only applies to results 
with the K lines, since the L and M spark lines observed so far are only 
of the first order. The original idea of the author, that the excitations of 
the multiply ionised states are produced step by step by the removal 
of successive electrons, seems to be incorrect, since the duration of the 
ionised state is not long enough to allow of this. Rosseland’s view, that 
two or three electrons are removed in a single excitation process, seems 
• vol. xxvii.— a. —1924. * . .. ... 









LIGHT. 


633 


more probable. This agrees with the experiments of Coster and of 
Siegbahn. H. N. A. 

% 

1817. Absorption Measurements of the X-Rays reflected from a Calcite 
Crystal. Y. H. Woo. (Nat. Acad. Sci., Proc. 10. pp. 145-148, April, 
1924.)—This paper describes: (1) the determination by an accurate 
absorption measurement as to whether there is a change of wave-length 
on reflection of X-rays from a crystal. According to Compton’s quantum 
theory of the scattering of X-rays, there is a change of wave-length due 
to scattering of 0*0242 (1 — cos 0) A.U., where 0 is the angle between 
the primary and secondary rays. If reflection of X-rays from crystals is 
a scattering phenomenon, it would seem that there might be a similar 
increase in wave-length on reflection. Experimental details and data 
are included for the use of a Bragg spectrometer and a Coolidgc tube with 
a molybdenum target. It is found that, within the probable experimental 
error, the mass absorption coefficients arc the same for the primary and 
reflected rays, so that the wave-length of X-rays undergoes no change on 
reflection from a crystal comparable with the above amount. (2) The 
determination as to whether there exists any appreciable difference 
in the absorption of an X-ray of the same wave-length before and after 
reflection from a crystal, since Compton has shown that if the absorption 
of X-rays is to be accounted for according to classical electrodynamics, 
there is a term for a transformation absorption which should appear 
in the expression for the total absorption in addition to the " tone absorp¬ 
tion ” and the scattering. Using the same apparatus as for (1), the exist¬ 
ence of absorption due to transformation could not be detected. 

H. H. Ho. 

1818. Secondary X-Rays. J. A. Gray. (Roy. Soc. Canada, Trans. 17. 

Sect. 3. pp. 165-166, 1923.)—As a result of experiments, to be published 
later, the author has arrived at the provisional conclusion that the observed 
increase in softening of secondary X-rays with the atomic weight of the 
radiator is due to the presence in the secondary rays of X-rays formed by 
photo-clectronS. With respect to the scattered X-rays which suffer a 
softening or decrease in frequency, it is believed that for a given angle of 
scattering and given type of X-rays the change in frequency is practically 
independent of the nature of the radiator. A. B. W. 

1819. Secondary and Tertiary X-Rays from Germanium, etc. G. L. 
Clark and W. Duane. (Nat. Acad. Sci., Proc. 10. pp. 92-96, March, 
1924.)—In three previous papers the authors have described experiments 
in which an X-ray beam, emergent from a secondary radiator at right- 
angles to the primary beam from a tungsten target, was analysed by means 
of a calcite crystal spectrometer. Results were given for fourteen different 
chemical elements from carbon (6) to neodymium (60). Three kinds of 
X-radiation were identified in the secondary beam: (1) scattered X-rays of 
same wave-length as the K series line of the primary beam; (2) fluorescent 
secondary rays, characteristic of the element in the radiator; and (3) ter¬ 
tiary rays produced by impact of secondary photoelcctrons in the radiator. 
In the present note additional experimental evidence is given bearing on 
these phenomena. Ionisation spectrometer curves are given indicating 
the secondary and tertiary radiation from silver and germanium. Pre¬ 
vious results on scattering by a graphite plate have been confirmed 
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by using a paraffin block. The results obtained do not confirm 
A. H. Compton's theory of change of wave-length on scattering. [See 
Abstracts 869 and 1491 (1924).] A. B. W. 

1820. Secondary and Tertiary X-Rays from Chemical Elements of Small 
Atomic Number. G. L. Clark, W. Duane and W. W. Stifler. (Nat. 
Acad. Sci., Proc. 10. pp. 148-152, April, 1924.)—Using primary rays from 
a water-cooled molybdenum target and secondary radiators of lithium, 
graphite, ice. rocksalt, aluminium and sulphur, tertiary radiation, in 
accordance with theory, was observed in all cases [see Abstracts 869 and 
1491 (1924) and preceding Abstract]. The observations indicate that the 
rays with wave-lengths shifted towards larger values should be ascribed to 
tertiary radiation produced by the impact of photoelectrons ; that is, 
Compton's theory of wave-length shift at scattering is considered incorrect. 

A. B. W. 

1821. Intensity of X-Rays scattered from Rocksalt. G. E. M. Jauncey 

and H. L. May. (Phys. Rev. 23. pp. 128-136. Feb., 1924.)-Rays from 
a molybdenum target (47*5 kv.) filtered through a zirconium phosphate 
screen were directed on to a thin slab of rocksalt at an angle 0 with the 
normal to the face, and the scattered intensity after transmission was 
measured with a long ionisation chamber at various angles </> with incident 
radiation. Assuming the scattering independent of 0 and eliminating ji 
by using Crowther’s expression for the scattering coefficient when 0 -* J <p. 
scattering in excess of theoretical (Thomson) was observed for between 
9° and 90°, the two maxima at 15° and 30°, about twice theoretical, 
corresponding respectively to maxima in the incident radiation at about 
0 • 4 A. a nd 0 • 7 A. respectively. Similar excess scattering at 20° to 30° had 
previously been reported for amorphous carbon and liquids, but in these 
cases the excess scattering might have been due to a powdered crystal 
effect. The scattering drops suddenly to zero at 5°, about the same angle 
as that for which regular reflection becomes zero. Above 90° the scattering 
also departs somewhat from the Thomson curve, showing a minimum 
for about 100° ; it corresponds in shape better with the curve given by 
the quantum theories of A. H. Compton and Jauncey. the experimenta 
value being, however, greater in the ratio 9/8. The mass-scattering 
coefficient for the primary rays used (0-4 to 0-7 A.) comes out 0-23 ± 0 0 
as against Thomson’s value of 0- 193. Author. 

1822. The Scattering of X-Rays by Hydrogen. G. A. Schott. (Phys. 
Rev. 23. pp. 119-127, Feb., 1924.)—Measurements of the absorption 
and scattering of X-rays by hydrocarbon compounds made recently by 
Aur6n, by Hewlett, and by Olsen. Dershem and Storch, are considered 
critically in so far as they serve for the calculation of the mass-scattering 
coefficient of hydrogen for different wave-lengths and its comparison 
w'ith the results computed on the basis of (1) the Simple Pulse theory, 
(2) the Electron Ring theory, (3) the Ring-electron theory, and (4) the 
Quantum theory of scattering recently proposed by A. H. Compton. 

It is found that none of these theories, even when it is interpreted in the 
widest sense, agrees with the experimental results over the whole range 
of wave-lengths. This failure may very well be due to the inaccuracy # 
in the experimental results, since the method of calculating the mass- 
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scattering coefficient from measurements made upon compounds necessarily 
magnifies the experimental errors very considerably owing to the smallness 
of the scattering of hydrogen as compared with that of the remaining 
constituents. The importance of obtaining reliable data is pointed out. 
and it is suggested that sufficiently accurate results can be secured only 
by using the element in the free state, either in the liquid form or as gas 
under high pressure. Authok. 

1823. Scattered Rontgen Rays. Part I. The Azimuthal Distribution of 
Scattered Rontgen Rays. W. Friedrich and M. Bender. (Ann. d. 
Physik, 73. 7-8. pp. 505-553, March, 1924.)—In this paper the azimuthal 
intensity distribution of scattered radiation proceeding from a number 
of simple bodies is investigated. The results for all experimental material 
show that, mainly with small azimuths, considerable deviations from the 
Thomson distribution are present, which can be explained as due to 
interatomic interference in the Debye sense. The results arc compared 
with the newer views on the build of the atom. No agreement is found 
between measurement and calculated results for the elements Na and K 
with eleven and nineteen electrons; for Li. with three electrons, the agree¬ 
ment is approximate ; also for water and alcohol over a great range an 
approximate agreement is found. It is not to be wondered at that the 
agreement for lower atomic numbers is better than for higher, since the 
constellation possibility of electrons with elements of lower atomic number 
is not so great as with higher. It is intended to carry out experiments 
on the azimuthal scattering distribution for other wave-lengths, and also 
to work with smaller bundles of rays and with smaller azimuths. 

There is a note appended by the referee to the effect that the 
assumption is made in this paper that the wave-length of the Rdntgen 
rays is not altered by the scattering process, and that, since recent 
researches of Compton (see Abstract 2194 (1923)] and theoretical con¬ 
siderations of Debye (sec Abstract 1878 (1923)] have shown that an 
alteration of the wave-length with scattering takes place, the results 
here obtained need correction. A. E. G. 

1824. Measurement of Polarisation of Secondary X-Rays. A. H.Comp¬ 

ton and C. F. Hagenow. (Optical Soc. of America, J. andRev.Sci. Inst. 
8. pp. 487-491, April, 1924.)—It was observed by Barkla (see Abstract 712 
(1906)] that the intensity of X-rays scattered from the second radiator 
perpendicular to the theoretical plane of polarisation was about one-third 
as great as the intensity of radiation in the plane. Since then evidence 
has accumulated that secondary X-rays even from light elements are not 
of the same wave-length as the primary rays. If this difference of wave¬ 
length is due to fluorescent radiation, it should result in an incomplete 
polarisation of the scattered rays. The object of the present experiments 
was to test this point by measurement of the degree of polarisation of 
the scattered rays. Heterogeneous X-rays of an average wave-length 
of about 0-26 A. were scattered by paper, aluminium, and sulphur. A 
geometric correction was made for the lack of complete polarisation due to 
the solid angles subtended by the radiators, and the results were extra¬ 
polated to zero thickness of the radiators. The experiments indicate that 
within a probable error of 1 or 2 %, the radiation is completely polarised. 
This precludes the possibility of there being any considerable amount of 
fluorescent radiation emitted by the radiator. A. B. W. 
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1825. Direction of Ejection of Photo-Electrons by Polarised X-Rays. 
F. W. Bubb. (Phys. Rev. 23. pp. 137-143. Feb., 1924.)—Stereoscopic 
photographs have been obtained, by Wilson’s cloud method, which show 
the ionised tracks of photo-electrons ejected by plane polarised X-rays. 
The polarised X-rays scattered by a paraffin block at 90° to an unpolarised 
primary beam of hard X-rays, were directed horizontally through the 
expansion chamber of a Wilson cloud apparatus in which they produced 
photo-electrons. Exploded tungsten wires furnished the instantaneous 
illumination of the droplets. The photographs, taken with the plate at 
90° to the polarised beam, show two types of asymmetry in the direction 
of ejection of the photo-electrons, (a) Lateral asymmetry. —There is a 
strong concentration of photo-electrons ejected nearly in the direction 
of the electric vector of the plane polarised X-radiation. (b) Longitudinal 
asymmetry .—Stereoscopic examination shows one-sixth of the photo- 
electrons ejected with a component opposite to the beam, one-third ejected 
approximately at right angles to the beam, and one-half ejected with a 
component along the beam. The results are stated to be in accordance 
with the classical theory. Attempts are also made to explain results on 
a quantum basis. A. B. W. 


RADIO-ACTIVITY. 


1826. Purification of Radium Emanation. V. F. Hess. (Phil. Mag. 
47. pp. 713-721. April. 1924.)—In the introduction the author refers briefly 
to the methods employed by Ramsay and Soddy [Abstract 2668 (1904)], 
Rutherford [Abstract 1798 (1908)], Debierne [Abstract 1066 (1909)1, Lind. 
Duane, and others in separating pure Ra emanation from the solution 
of radium salt. A description is then given of an apparatus, used by the 
author, which gives quick and efficient purification of RaEm from foreign 
gases, such as hydrogen, oxygen, C0 2 , etc. The process is based on a 
combination of known chemical reactions; the equivalent amounts ot 
hydrogen and oxygen are combined by the electric spark; water-vapour 
and C0 2 are absorbed. The final purification is done by heating a small 
piece of copper-oxide wire in the capillary tube, thus reducing the excess 
of hydrogen. The apparatus is small enough to be kept in a safe together 
with the radium solution. Only one automatic vacuum pump is used. 
A special device makes it possible to increase the vacuum given by the 
pump about 100 times. The apparatus is detachable and can be cleaned 
inside without cutting glass connections. The process of purification ox 
emanation takes about 15 minutes and gives a final concentration oi 
approximately 1 miliicurie per cubic millimetre. For higher concentrations 
it is necessary to use liquid air. The apparatus can be used with solutions 
containing from 50 mgms. of radium upwards. A. B. w. 


1827. The Emanation Method for Radium. F. E. E Germ ®”*V 
(Science, 69. pp. 340-341. April 11, 1924.)—In using the emanation method, 
as developed by Schlundt and Moore, [see Abstract 1596 (1905)], and oy 
Lind, in radium analyses, or calibrating a /3-ray electroscope, it is best to 
draw out and seal the neck of the flask, and not to use a rubber stopper or 
rubber tubing ; the tip must be broken off after the flask has been connected 
by means of tubing to the emanation gas burette, but the small piece o 
glass broken off frequently lodges in the lower stop cock of the burette, 
and spoils the experiment. Three forms of trap are described which 
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prevent this ; in the simplest and most effective of these the flask is 
connected by rubber tubing to a short length of tube which slopes upward 
to join the horizontal tube leading to the burette, at an angle somewhat 
less than 90° ; the inclined tube is prolonged a few millimetres past the 
joint, forming a tiny hemispherical trap, into which the glass tip may be 
projected, and fall back again, without lodging in the horizontal tube. 

H.N. A. 

1828. " Radium ” Recording Devices. J. H. Powell. (Journ. Sci. 
Instruments. 1. pp. .205-209, April, 1924.)—In the radiation type of 
*' radium ” recording device, a small brass capsule of cylindrical form takes 
the place of the recording pen. one end is closed and a small speck of 
radio-active material is attached to the inner surface in the axis of the 
cylinder; at the other end is a small circular hole, 0-65 mm. diameter, 
which allows a beam of radiations to fall upon photographic paper on a 
revolving drum ; as there is no friction between the “ pen ” and the paper 
the method is very suitable for cases where there is very little power 
available to operate the mechanism. The recording drum need not be 
kept in the dark, since the photographic paper can be covered by a thin 
layer of opaque material, which allows the f$- and y- rays to penetrate, and 
produce the photographic effect. Black paper was used ; but if the light 
is not strong it is better to use very thin celluloid sheets stained with a 
" safe ” photographic red stain, which cuts off less of the a-radiation ; 
the photographic paper itself may be stained red, which makes it insensitive 
to light while it remains sensitive to the radium rays; it is possible to 
wash out this stain during development. For use in the open air, however, 
the black paper answers best. In the luminous paint type of recorder, 
light from a luminous radium compound passed through a slit in the " pen,” 
perpendicular to the axis of the revolving dmm, and through a fixed vertical 
slit parallel to the axis of the drum, the two slits arc close to the surface 
of the photographic paper, and as the drum revolves a recording line is 
photographed upon it. This method can be used in apparatus completely 
immersed in sea water. The shadow typo of recorder is used to record 
the movement of a column of liquid in a cylindrical tube, as in a barometer. 
The tube is surrounded by a cylindrical metal sheath, with a narrow 
longitudinal slit, the interior of the sheath being coated with the luminous 
compound ; the recording drum is placed as near as possible to the slit, 
with its axis parallel to it; the shadow of the mercury is printed on the 
photographic paper. H. N. A. 

1829. Extraction and Recovery of Radium from Typical American 
Camotite Ores. H. H. Barker and H. Schlundt. (Univ. of Missouri, 
Bull. 24. 26. pp. 3-87, Sept., 1923.)—The methods used for the extraction 
of radium from uranium ores are grouped under the three headings : 
(1) Direct solution by means of acids, with or without preliminary conver¬ 
sion of the radium and barium into carbonates ; ( 2 ) concentration of the 
radium by reduction of the gangue material; (3) miscellaneous processes. 
These are discussed in detail, and their advantages, disadvantages, and 
conditions of application indicated. For control work in plant operations 
and for the measurement of radium in general three standard methods 
are used: the emanation, gamma-ray, and alpha-ray methods. The 
application of these methods to the case of camotite ores, and the chemical 
treatment of the latter involved, are described in detail. 
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A new method for charging electroscopes, due to le Roy and Schlundt, 
consists in transforming an ordinary lighting circuit voltage, say 110 volts, 
to 3000 volts, rectifying this by means of a " kenotron ” rectifying tube, 
and using a special high-resistant potentiometer to secure any potential 
required to charge the leaf system of the electroscope to the desired degree. 

T. H. P. 

1830. The Amount pf Ionium-Thorium in Uranium Pitchblende from 
St. Joachimsthal. S. Meyer and C. Ulrich. (Akad. Wiss. Wien, Ber. 
132. 2 a. No. 7-8. pp. 279-284, 1924.)—A number of investigators have 
dealt with the ionium in ore from St. Joachimsthal, but all have used the 
same material, which was prepared by working up 30,000 kilograms of 
pitchblende produced before 1905, as described by Haitinger and Ulrich. 
The combining weight of this thorium-ionium is 231-51, while that of pure 
thorium is 232-12. so that the mixture of isotopes contains about 30% 

To and 70 % Th; the mean duration of life of ionium, using the latest data, 
is r = 9 x 10 4 years = 2-8 x 10 12 sec., and the disintegration constant 
X m> 2-4 x 10- 13 sec." 1 , from this the range is calculated, using Geiger's 
formula, to be I< 0 = 3-029 cm. in air at 0° C. and 760 mm. pressure; 
Geiger found R 0 = 3-028 cm. The above mixture is designated Io-Th(I). 

A new mixture has been separated from ores obtained in 1912 and 1913, 
and is designated Io-Th (II); another fraction, produced from the same 
ore sample, separated at a different stage of the chemical process, is 
designated Io-Th (III); Io-Th (II) is more active than Io-Th (I), and 
it was shown that this was not due to any extent to the presence of radio- 
actinium. The modified Geiger Nuttall method was used to determine the 
range, which was found to be R 0 — 2-96, as compared with the previous 
value 3-028 cm.; the Io-Th O z was in a thin, but of course not an 
infinitely thin layer, which may account for the small reduction of range ; 
it is nearly certain that the a-radiation is due to ionium alone. A com¬ 
parison of the radiation from IoTh (I) and IoTh (II) shows that the latter 
contains about 50 % of ionium, and the combining weight of the mixture 
should be about 231-1; Io-Th (III) contained a considerable amount 
of RdAc ; but it appears probable from the measurements that when this 
has disintegrated it becomes identical with Io-Th (II). The fact that 
the percentage of thorium varies from 70 to 50 is discussed with relation 
to the theory of Kirsch, that thorium is produced from a hypothetical 
isotype of uranium, thorium-uranium, with a half life period of about # 
60 million years. * H - N - A ’ 

1831. Renewed Measurements of the Radioactivity oftheGastein Thermal 
Springs. H. Mache. (Akad. Wiss. Wien, Ber. 132. 2a. No. 5-6. pp. 207- 
214, 1924.)—Measurements were made in the summer of 1904, and it is 
fortunate, in view of the fact that the methods of measurements were 
at that time not fully developed, that a method was employed which makes 
a comparison with new measurements possible. Details are given of the 
amounts of emanation and of radium in the different springs, with notes 
as to the places from which the water was taken and of any changes 
which have been made which could affect the springs since 1904 ; where 
no such changes have been made the amount of emanation has hardly 
altered at all, though there are small annual variations corresponding to 
the How of each spring. The early observations of the amount of radium 
are not numerous ; the new observations do not, in general, indicate 
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much change. It seems possible that springs which form a deposit in 
their channels, which is rich in radium, may wash out some of this deposit 
when their How increases, and so show a higher radium content. Koughly 
speaking, the emanation content is larger in the cool springs and the radium 
content in the hot springs. H. X. A. 

1832. The Large-Angle Scattering of a-Parlicles by Light Nuclei. E. S. 
Bieler. (Roy. Soc., Proc. 105. pp. 434-450. April 1. 1924.)—The 
arrangement of the radio-active source, scattering foil and fluorescent 
screen was the same as in Chadwick's experiments on scattering and in 
those of Chadwick and Bieler on the collision of a-particles with 11 nuclei ; 
foils of aluminium and of magnesium were employed and their thickness 
determined by weighing either with a chemical balance, or with a special 
micro-balance with which foils of the order of a few tenths of a milligram 
could be weighed to 1 %. Two forms of apparatus were employed, the 
relations between source, foil and screen being the same in both, but the 
second having a special arrangement to prevent the radioactive contamina¬ 
tion of the inside of the box. which with large angles of scattering, when 
the amount of scattering is small, is sufficient to completely spoil a count ; 
the source is contained in a separate chamber, which is separated from the 
larger chamber containing the foil by a film of collodion, of stopping power 
less than 1 mm. of air. Both chambers are evacuated. Curves were 
obtained showing the ratio between the scattering for the light metals and 
that for gold in relation to the angle of scattering ; they indicate that 
at very small angles the scattering is very approximately that which would 
be expected on the inverse square law ; when they arc compared with the 
previous theoretical results of the author the curves indicate the existence 
of an inverse fourth power attractive force, in addition to the electrostatic 
inverse square law repulsive force. The two forces are equal and the 
resultant is zero, in the case of aluminium, at a distance 3-44 x 10" 13 cm. 
from the centre of the nucleus; this may be regarded as the effective 
radius of the nucleus; some of the nucloar electrons may be outside this 
radius, though in spite of this the estimate seems small for a nucleus with 
14 electrons and 27 prolons. The calculated apsidal distance of an a- 
particlc of 7 cm. range, deflected through 180°, is 4 -6 x 10" 13 cm. which 
seems to show that the estimate for the radius of the nucleus is not much 
too low. The additional force postulated would have no noticeable effect 
on spectral lines, since it will be very small in the outer electron layers. 

H. N. A. 

1833. The Bombardment of Elements by a-Particles. E. Rutherford 
and J. Chadwick. (Nature. 113. p. 457. March 29. 1924.)—The authors 
mention difficulties which arise when the ranges of the H-particles produced 
by bombardment are less than 30 cm. in air, and-describe a method for 
observing the disintegration of an element, when the ejected particles 
have a range of only 7 cm. in air. A powerful beam of a-rays falls on the 
material, and the liberated particles are observed on a zinc sulphide screen, 
at an average angle of 90° to the direction of the a-particles ; the presence 
of H in the bombarded material produces no effect on the screen ; the 
results are independent of H nuclei from the source and of the long-range 
particles found by Bates and Rogers ; the latter are just detectable with 
gold, but are inappreciable with lighter materials ; gases can be examined 
as well as solids. Neon, magnesium, silicon, sulphur, chlorine, argon, 
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and potassium give particles of range above 7 cm.; the numbers are small 
as compared with those from aluminium under the same conditions, from 
1/3 to 1/20; neon appears to have the shortest range particles, about 16 
cm.; the ranges of the others are between 18 cm. and 30 cm.; beryllium 
seemed to give a small effect, but this may be due to fluorine a*an impurity; 
H, He, Li, C, and O give no detectable effect; sulphur, which is probably 
a " pure ” element of mass An gives an effect of nearly 1/3 that of alumi¬ 
nium ; this shows that the nucleus is not built up solely of He nuclei, 
which is also suggested by the atomic weight 32 07. No definite results 
have been obtained with the elements from calcium to iron, owing to the 
difficulty of getting rid of active impurities; pure electrolytic iron gave 
no particles. No effects were observed from Ni, Cu, Zn, Se, Kr, Mo, P, 
Ag, Sn, Xe. Au, and V. In the case of the lighter elements it should be 
possible to carry the examination down to ranges of about 3 cm. 

H. N. A. 


1834. The Disintegration of Atomic Nuclei. H. Pettersson. (Phys. 
Soc., Proc. 36. pp. 194-202; Disc., 202-204, April, 1924.)—The author 
claims that the disintegrability of atomic nuclei is universal and not a 
property of a limited number of elements. Tliis casts some doubt on the 
satellite theory of nuclear disintegration and another theory is advanced 
which is called an explosion theory. According to this, the stability of 
the equilibrium between positive and negative charges in a nucleus is 
disturbed by the approach of an a-particle, and if the encounter is close, 
actual disruption of the atom will occur. Several lines of experimental 
research arc suggested further to discriminate between the two mechanisms. 
Discussion. —J. H. Vincent pointed out that the universal disintegrability 
of atoms would explain the simultaneous existence of several radio¬ 
active families. C. W. Hume suggested that if the principle were admitted 
to apply to the heavy nuclei, the life of radio-active bodies should be shorter 
when they arc in concentrated than in dilute form. A. Wh. 
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1835. The Effect of Temperature on the Properties of Metals. A. Mallock. 
(Roy. Soc., Proc. 105. pp. 129-134. Feb. 1. 1924.)—Experiments carried 
out on the coefficients of rigidity, thermal expansion, viscosity, and specific 
heats of iron between 14° C. and 1000° C. The expansion was measured : 
.(a) By an automatic record of the variations of the length of a wire in a 
heating coil and (6) by an automatic record of the variation in length of a 
wire 10 miles long and 0 02 inch diameter, heated by passing a current 
tlirough it'and allowed to cool by radiation, the wire being enclosed in a 
wide tube filled with nitrogen. Iron, and steels of various carbon contents, 
were studied and the results obtained are illustrated in six figures. 

J. L. H. 

1836. Calorimetry of Saturated Fluids. N. S. Osborne. (Optical 

Soc. of America, J. and Rev. Sci. Inst. 8. pp. 519-540. April. 1924.)—This 
paper analyses the theory of certain calorimetric processes for the deter¬ 
mination of the more important thermodynamic properties of saturated 
fluids ; and deals with the interpretation of the theory as bearing upon its 
experimental application. It is shown that three particular types of 
calorimetric process make up an experimental scries, and three quantities, 
each characteristic of one of the processes, arc determined by the measure¬ 
ments as functions of- the temperature or pressure. From these three 
characteristic functions alone most of the important properties of a 
saturated fluid are obtained directly, including the heat contents, entro¬ 
pies, specific heats, and specific volumes. S. L. S. 

1837. A New Application of the Bar Method for the Measurement of 
Thermal Conductivity. M. D. O’Day. (Phys. Rev. 23. pp. 245-254, 
Feb., 1924.) If both ends of a bar be kept at the same constant tempera¬ 
ture, and the bar carries an electric current I. the equation of heat flow 
when the steady state is attained is 

- A ^( K S - u f x + <J I2R oa -*)«-- JI’Ro 

A is the sectional area of the bar. R<, the resistance per cm. at the end 
temperatures, s the coefficient of the Thomson effect, and h is the product 
of the emissivity and perimeter of the bar. Two modifications of this 
have been used by the author for determining k. 

Method I .—As previously suggested by Callendar. alternating current 
is employed when the second term in the equation vanishes and the 
magnitude of the current is adjusted to make the third term zero. For 
this, h must be known. This can be found by passing a small current 
along the bar when the temperature gradient at the middle is zero and 
i i™"’ With thC critical alternating current it is shown that 

= Jl-RaL/A^o, where p$ is the temperature gradient at the ends of 
the bar and 2L is the length. The mean conductivity k m is J I«R 0 L 2 /2A 0 m , 
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from which the temperature coefficient of thermal conductivity /3 can be 
calculated, A„, = A 0 {1 — 

Method II— The magnitude of the alternating current is adjusted 
until the temperature distribution along the bar is parabolic. It is not 
necessary to know the value of h by this method. When the critical 
current for this temperature distribution passes, 0, n = h^Po- The condi¬ 
tion can be experimentally realised from observations of the variation 
of 0 m — with the current. The value of k 0 is JI 2 R 0 L/A/> 0 - The 
method fails when a — 3/3 is very small or negative. 

Thomson Effect .—If direct current of the same value as that for the 
parabolic temperature distribution be used, and the change of temperature 
dO at a point 0-42L from the end be observed when this current is reversed, 
then s = A 2 M0/O128JI*L*R O . The apparatus employed consisted of 
a bar about 30 cm. long bent into an inverted U-shapc. The ends were 
screwed into copper blocks, 2 in. diameter, 1 ft. long, separated by mica. 
The blocks were in the same oil-bath, which was kept well stirred. The 
bar was covered with wool yarn and surrounded by an inverted Dewar 
flask. Five thermocouples attached to the bar gave the gradients at the 
ends and the mid. pt. temperature. For lead. Method I was employed, 
giving A g = 0 0877. B = 0-000138. For tin. Method II was used, 
giving A 0 = 0- 1575, P = 0-00067. The coefficient of the Thomson effect 
for tin at 38° was 9 -7 x 10“ 7 cal. per coulomb per sec. L - u 


1838. Platinum Resistance Thermometer Temperature Scale Ee^ween 
0° and - 193°. F. Henning and W. Heuse. (Zeits. f. Physik, 

1-2. pp. 95-104. 1924.)—Henning has previously calibrated platinum- 
resistance thermometers over the range 0° to — 193°, using the constan 
volume hydrogen thermometer [Abstract 1169 (1913)]. A table w 
constructed giving the resistances of Pt thermometer No. 32 o 
Reichsanstalt over this range, and readings by other Pt thermomc e 
could be reduced to No. 32 by the equation r - r 32 = a(l 32 ' 
+ 6(1 - r 32 ) 2 , where r — (resistance of the thermometer at /°)/(resista 
at 0°). Measurements of the resistance at the boiling-points of O a 
C0 2 served to determine the constants a and 6. 

New data have now been obtained for seven Pt thermometers o 
this same range. A constant-volume He thermometer was used for 
calibration. The bulb, of glass 59 111 . had a capacity of 300 c.c. * 
initial pressure at 0° C. was 1000 mm. Hg. The resistance ratio over 
range can be represented by 


For No. 32 


R/R 0 =* i + fl (//l00) -f 6(//100) 2 + c(//100) 4 . 


- 0-0064408, c = - 0- 000508065. 


a= + 0-396952. b 

To determine a. b, c, suitable fixed points are the melting-p^*: 
Hg (— 38°*87), sublimation point of C0 2 (— 78°*51), and the bwh®« 
point of O (- 183° 00). The Callendar formula holds with su ® cl ® 
accuracy down to - 40° C. For the seven thermometers ^ed 
Callendar constant a had values between 0-0038624 and 0-003916 , 
and the constant S values between 1-510 and 1 • 482. The authors consi 
that if the constants, a and 8, lie between these limits c can J>e taken 
0-000.508065. .Two fixed points then suffice to determine a an 
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If. in addition, the values of a and 8 be known, R/R 0 at the melting-point 
of mercury can be determined from the Callendar equation, and only one 
fixed-point determination of resistance is necessary. A new determination 
of the melting-point of mercury was made and found to be — 38° ■ 87 ± 0 • 01. 

L. L. 

1839. The " Pyro" Radiation Pyrometer. (Engineering, 117. 
pp. 493-494, April 18, 1924.)—A description of a compact type of total 
radiation pyrometer. It consists of a telescope with a sensitive thermo¬ 
element at its focus. This couple is contained in an evacuated glass bulb. 
It is connected to a moving coil indicator constituting an integral part 
of the telescope. The operator sights the instrument on the furnace or 
hot object, and takes care to ensure that the image of the furnace-opening 
completely covers the thermocouple disc. He presses the button, which 
releases the moving coil; the pointer then takes up the position corre¬ 
sponding to the temperature of the furnace. 

Equilibrium is attained in about two seconds; the observer then releases 
the button, and this clamps the moving coil in the position it has taken up. 
The instrument is read after lowering it from the eye. No focussing is 
required if the instrument is used within the correct distance limit. E. G. 

1840. Radiation Pyromctry. H. Schmidt. (Zeits. f. Physik. 23. 3-4. 

pp. 225-228, 1924.)—O. Lummer and E. Pringsheim. in agreement with 
the Wien displacement law. A*,T = constant, find A,„T «= 2940 for a 
black body. Their measurements on polished platinum give, by analogy, 
A„T 2630. At the same time they suggest that the temperature of any 
radiator can be found by determining A,„ and employing the last two 
results to give an upper and a lower limit to the temperature T. The 
equation A*,T ■= constant (and analogous equations) do not, however, 
impose the condition that A is independent of A and T. so that these 
equations are strictly applicable only to black or grey radiators [see 
Abstract 1068 (1919).] The author concludes that the obscr vation of the 
position of the maxima of the energy radiated from a heat radiator, 
together with the Wien displacement law and the analogous law for 
bright platinum, are not sufficient to gi\ e for the temperature of the radiator 
an upper and a lower limit. f. B. 

1841. The Nature of Thermal Radiation. M. Planck. (Ann. d. 
Physik. 73. 3-4. pp. 272 288, Jan., 1924.)—Wien provided a means for 
the closer study of the characteristic properties of thermal radiation by 
introducing the idea of radiating entropy, which Einstein further elaborated 
by the use of Boltzmann’s relationship between entropy and probability, 
and v. Laue [see Abstract 1289 (1915)] still further generalised by a purely 
statistical method. From the energy variation law Einstein has deduced 
that the classical undulation theory of light in this case is incompatible 
with the demands of the quantum theory. The present author opines 
the problem to be not completely solved as yet, and he refers to a 
discussion between Einstein and v. Laue (see Abstracts 95. 9« and 218 
(1916)], which revealed deviating points of view. In particular Planck 
states that Einstein's assumption, that on the classical wave theory 
the stationary monochromatic thermal radiation may be held to arise by 
the superposition of a very large number of independent radiations, requires 
further proof. In the present paper the special case for a single degree of 
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freedom is considered, in order to derive, in the first place, the statistical 
law of formation which the Fourier coefficients [loc. cit. 1 must fulfil if 
the dimensions of the average square of the energy variations should 
satisfy the demands of the quantum theory, quite apart from the question 
of the physical origin of the radiation, and also to establish the actual 
Fourier series belonging to this formation law. The paper is entirely 
mathematical. H. H. Ho. 


1842. The Liquefaction of Hydrogen and Helium, Part III. J. C. 
McLennan and G. M. Shrum. (Roy. Soc. Canada, Trans. 17. Sect. 3. 
pp. 21-33, 1923.)—Previous papers (see Abstracts 1151 (1922) and 2469 
(1923)] have described the high-efficiency liquefiers in use at Toronto 
University. The present paper supplies some additional notes. 

Dewar flasks suiter under the disadvantages of ease of breakage and 
smallness of capacity, while metal containers had proved unsatisfactory 
until the repair of a damaged one showed a great improvement. Successful 
insulation depends on correct polish, correct preparation and disposition of 
the material in the interspace, and proper vacuum between the shells. It 
was found to be essential that polishing, assembling, transference of the 
heat-treated charcoal, and the preliminary exhaustion should occur without 
delav. Diagrams and a detailed account of procedure are given. 

Some additional features of the hydrogen cycle are given, including 
an apparatus for the preliminary purification of commercial hydrogen, 
it being first passed over heated palladiumised asbestos to remove e 
oxygen, then through a purifier containing charcoal at liquid-air tempera¬ 
ture. and then to the final purifier previously described. 

An apparatus for the liquefaction of helium, on the same principles, u 
on a reduced scale (about $) is described, and has been used with success. 
The liquid is colourless, but its meniscus differs from that of h y dr ° ge ' 
Samples of the gas showed no trace of hydrogen, but the purity ot tn 
gas was evidenced by the free working of the expansion valve througmwi . 


1843. Apparatus for Determining Melting and Freezing-! oints f 

Pure Substances and of Eutectic Mixtures. E. W. Washburn. (In u ■ 
and Engin. Chem. 16. p. 275. March. 1924.)—The apparatus consists ora 
Dewar vessel made of Pyrex glass, and can be used for any temperatu 
up to 500° C.. the temperature being measured by a mercury thermomex 
or a thermocouple. The method is applicable to substances which me. 
either above or below the room-temperature. The results obtained wi 
this apparatus show great constancy, and in the case quoted of Maim 
the temperature remained constant to 0 01° C. during the time ^ 
crystallisation, 10-15 minutes. ’ 

1844. Some New Standard Melting-Points at High Temperatures. H.S- 
Roberts. (Phys. Rev. 23. pp. 386-395. March. 1924.)-After 

by crystallisation from solution, a gramme of the salt is placed in a P latm 
crucible 18 mm. by 10 mm. in diameter, the junction is placed »n 
axis and 3-4 mm. from the bottom, and the temperature is rawed ai 
6° per minute. For most pure substances and certain eutectics the nea s 
curve becomes quite flat at the melting-point, and hence the form of cu 
obtained is a sensitive test of purity. The couples used were care y 
calibrated with standard metals, and gave the following results, accu 
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to ±0-5°: potassium dichromate 397-5°; (30*5 NaCl + 69-5 NaoS0 4 ) 
627-0°; KC1 770-3°; NaCl-800-4°; Na 2 S0 4 884-7°; K 2 SO, inversion 
point 583 ± 1°, melting-point 1069-1°; also Ca 2 B 2 0 5 1304 ± 5°. De¬ 
tailed suggestions as to technique are given, also a convenient method of 
using pure metal strips or wires in calibrating couples. Author. 

1845. Determination of the Normal Boiling-Points of Oxygen, Nitrogen 
and Hydrogen. F. Henning and W. Heuse. (Zeits. f. Physik, 23. 1-2. 
pp. 105-116, 1924.)—The boiling-point of O has been previously deter¬ 
mined by Henning [Abstract 694 (1914)), using two Pt thermometers 
calibrated by means of a constant-volume H thermometer. More recently 
[Abstract 1998 (1921)] two constant-volume He thermometers were used 
to determine the normal boiling-point of H. Values of these fixed points 
have also been lately published by Kamerlingh Onnes and his collaborators 
at Leyden. They give the normal boiling-point of O, — 182-95" 3 , 
N — 195*78 03 , H — 252-75 04 . In these determinations the pressure- 
coefficients of H and He were obtained indirectly, and the values used 
do not agree with those recently obtained by the present authors (Abstract 
589 (1922)]. For this reason the Leyden and Charlottenburg temperature 
scales may differ by as much as 0°-l at the lowest temperatures. On 
similar grounds objections may be made to the determination of the 
boiling-point of 0(— 182°-94) by Keyes, Townshend and Young. In 
the present paper the authors describe the determination of these fixed 
points, using two gas thermometers (Jena glass 59 ,n ] of capacities 300 c.c. 
and 100 c.c. and with five different fillings of He. The critical pressure 
at 0° C. was about 1000 mm. Hg. For each separate filling the pressure 
coefficient was determined, the value 0-0036600 being in good agreement 
with previous Values. The static method was employed for the O and 
N points, and the dynamic method for H. The final results reduced to 
the thermodynamic scale of temperature are— 

Oxygen.. - 183 -00 ± -02 

Nitrogen . - 195- 81 ± -02 

Hydrogen.,.. - 252- 78 ± • 02 

Over the range — 183° to — 205° the variation of the boiling-point of O 
with pressure is given by the equation log p mm = — 379 -95/T 
— 0-0096219T + 1-75 log T + 4-53939. where T = 273-20 -f /. and for 
N by log p mn = - 301-91/T - 0-0090272T -f 1-75 log T + 4-17643. 
The resistances of two Pt thermometers used over a period of twelve 
years in this work were again measured at these fixed-point 
temperatures. The values have remained practically constant, the 
greatest observed alteration only corresponding to a change of tempera¬ 
ture of 0*02°. ; . r4fr; , L. L. 

1846. Estimation of Latent Heats of Vaporisation of Liquids at High 
Pressures. W. H. McAdams and J. C. Morrell. (Indust, and Engin. 
Chem. 16. pp. 375-378, April, 1924.)—For the purpose of estimating the 
latent heat of vaporisation, Trouton's rule has been widely used : 
Mr/r a = a constant, where M is the molecular weight, r the latent heat 
and T a the boiling-point. • The rule, however, is known to be approximate 
only, and refers to atmospheric pressure. When Mr/T is plotted against 
1000 P/T where T is the absolute boiling-point at any pressure. P being 
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the corresponding vapour pressure, the empirical relation so obtained is 
called the " Hildebrand function.” In the present paper the range of the 
Hildebrand function has been greatly extended, especially in the region 
of higher pressures. In order to render extrapolation less liable to error 
the values of Mr/T are plotted (on ordinary rectangular scale) against 
1000 P/T on a logarithmic scale. The liquids thus dealt with are water, 
chloroform, benzene, carbon-bisulphide, carbon-tetra-chloride, ethyl 
ether, and acetone. An interpolation table is also given for the application 
of W. K. Lewis’s method of estimating the approximate molecular weight 
of mixtures of hydrocarbons, with illustrations showing the use of the 
curves and tables. T. B. 

1847. Thermal Emission and Evaporation from Water. M. Allen. 
(Nat. Acad. Sci., Proc. 10. pp. 88-92, March, 1924.)—The author has 
determined a quantity which he calls the " thermal emission from a water 
surface,” consisting of radiation convection and conduction, comparable 
with the emissivity determined by Macfaralane (Roy. Soc. Proc. 20. p. 90, 
1871) for copper spheres, later verified and extended by Bottomley [Abstract 
1651 (1908)), who varied the pressure of the air in tlje enclosure, and at 
low pressures was able to verify Stefan’s fourth power law. In dealing 
with the problem of thermal emission from water, the rate of evaporation 
has been found and studied as a function of the vapour pressures of water 
at the temperature of the hot water and of the surrounding envelope. 

A. B. W. 

1848. The Changes of the Curves of State between Arbitrary Boundary 

Curves with Applications to Water, Carbon Dioxide, and Air. V. Fischer. 
(Zeits. techn. Physik, 6. 1. pp. 17-21 ; 5. 2. 39-44; and 5. 3. pp. 83-88, 
1924.)—This is a paper divided into three sections. In the first the author, 
after stating that the p, v and entropy-temperature diagrams of thermo¬ 
dynamics have not fulfilled a very useful purpose in technical thermo¬ 
dynamics, refers to the work of Mollier, who introduced the idea of hcat- 
content at constant pressure as one of the coordinates and the J — P 
diagram, which has found far-reaching application in technical work. 
Further investigations on specific heats at constant pressure and their 
dependence on temperature of pressure were necessary, and these were 
carried out by Knoblauch, Witkowski and Bridgman. This led to the 
introduction of the cp, T and cp, p diagrams. The author makes the 
cp, T diagram the basis of his system of equations. In the first section 
33 equations are developed. In the second the mean specific heat is 
calculated and changes of state which take place in the region of saturation ; 
a further 35 equations are developed. In the third section graphical 
methods are used to evaluate the expressions, a number of diagrams 
being given. The paper is not suitable for a short abstract. T. B. 

1849. The Isothermals of Some Gases up to 400° C. and their Significance 
for Gas-Thermometry. L. Holbom and J. Otto. (Zeits. f. Physik, 23. 
1-2. pp. 77-94, 1924. From the Reichsanstalt.)—This paper is an extern 
sion of previous work on the isothermals of gases used in gas-thermometry 
up to 100 atmos. pressure. In addition to nitrogen, oxygen, hydrogen, 
argon and helium, a mixture of neon and helium was used, and the tem¬ 
perature was extended up to 400° C. In the previous work [see Abstract 
481 (1921)) a piezometer was employed, and the gas was contained in a 
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glass vessel, but this was now discarded, and a steel tube of about the same 
capacity was used. This permitted a much smaller temperature-bath to 
be used, as it was strong enough to enable an external pressure equal to 
the internal pressure to be dispensed with. The steel tube was connected 
by means of a steel capillary tube with the rest of the apparatus previously 
used. The steel-containing tube was heated by an oil-bath for tempera¬ 
tures of 150° C. to 200° C., and in a bath of potassium nitrate for tempera¬ 
tures between 300° C. and 400° C. The baths were heated electrically and 
were provided with a stirrer. The results of the investigation are given 
in twenty tables, as well as the calculated pressure and expansion coefli- 
cients. Finally, curves are given for the initial inclination of the isother- 

( d(pv)\ 

——) . 10 5 = B . 10 5 as ordinates and tern- 

d P ' p — o 

peratures as abscissa*. The values of B . 10® are also calculated and tabu¬ 
lated, and the results used to calculate the corrections necessary for the 
constant pressure and constant volume gas-thermometers in order to 
reduce the readings to the thermodynamic scale. For temperatures 
below 0° C. the results obtained at the Leiden Laboratory arc included. 

T. B» 

1850. The Equation of State and the Compressibility of Mercury. K. IC. 
J&rvinen. (Zeits. phys. Chem. 109. 3-4. pp. 275-286, 1924.)—In a pre¬ 
vious paper (Zeits. phys. Chem. 97. p. 445, 1921) an equation of state has 

v * RT a 

been suggested for mercury of the form p = k —-— --Know¬ 

ing the value of the constants, the compressibility of mercury is calculated 
as about 1*5.+ 10”®. This agrees with the experimental values of Oersted 
and Jamin, but differs from that of Regnault (3*7 x 10”®). In conse¬ 
quence of this discrepancy, the methods of finding compressibilities are 
discussed, and it is concluded that the mathematical basis of Rcgnault's 
method is wrong. In this method it is assumed that when the liquid 
in the piezometer is submitted to equal internal and external pressure, 
the volume of the vessel diminishes to exactly the same extent as it would 
do if it were solid glass. The present paper suggests that no such diminu¬ 
tion occurs, and the point is verified experimentally, using a rubber ball 
full of water. Taking data obtained by Metz, it is shown that on the 
basis of Regnault’s ideas B = 3-7 x 10”®, whereas on the assumption 
that the volume of the piezometer is unchanged B = 1-2 x 10”®. 
The paper concludes with a discussion of some further points in con¬ 
nection with the equation of state. A. A. D. 

1851. The Thermodynamics of Thermal Transpiration and of the 
Thomson Effect . E. H. Kcnnard. (Phys. Rev. 22. pp. 617-021, Dec., 
1923.)— Thermal Transpiration.— One can obtain an apparent violation of 
the Second Law by means of thermal transpiration, constructing an engine 
with an apparent efficiency of 50 per cent, for small ranges of temperature. 
But in reality the thermal effusion of a gas and the conduction of heat 
through it are merely two aspects of a single process, and when the 
degradation of heat due to conduction is taken into account the apparent 
violation disappears. 

The Thomson Effect. —An analogous phenomenon in connection with the 
diffusion of electrons in a metal requires a slight modification of the formula 
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obtained for the Thomson effect from the electron theory; the thermo¬ 
electric law deduced from equilibrium thermodynamics is then found to 
hold only because these effects in the two branches of the circuit cancel 
each other. If the current in reality is not carried entirely by electrons; \ 
or if one branch of the circuit is made to consist of an electron gas, then 
the effect should become noticeable. Hence conclusions drawn from 
equilibrium thermodynamics in such cases must be regarded as essentially 
tentative. Author. 

• I * 

1852. A Supposed Limitation of the Second Law of Thermodynamics. 

J. W. Fisher. (Phil. Mag. 47. pp. 779-781, April, 1924.)—Witmer has 
recently shown [see Abstract 909 (1924)), by a detailed analysis, the fallacy 
existing in Fairboume’s proof of a limitation of the Second Law of Thermo¬ 
dynamics [see Abstract 2110 (1922)). The idea was that vessels of certain 
shapes immersed in a gas, where the mean free path is large in comparison 
with the dimensions of the vessels, might cause a motion of the gas to take 
place in one preponderating direction. Witmer shows that this would not 
occur for the vessels dealt with by Fairbourne by working out in detail 
the paths of the reflected gas molecules. It seems worth while, however, 
to point out that the same may be proved generally for a vessel of any shape 
whatever. This is done in the present paper fora vessel the walls of which 
arc smooth but otherwise of arbitrary curvature. It is pointed out also 
that the argument here applied may easily be extended to the case where 
singularities occur in the surface such as sharp edges or points, and so the 
result is perfectly general. A. E. G. 





vol. xxvii.—a.—1924. 


x * 


/xx JOY. 


SOUND. 


649 


SOUND. 

, 1853. Tuning-Forks. C. C. Mason. (Journ. Sci. Instruments, 1. 
pp. 250-251, May, 1924.)—The importance of perfect symmetry of balance 
as between the two prongs of a tuning-fork does not seem to be realised. 
Various tests for perfection of balance are described. If a perfectly 
balanced fork could be obtained, the variation of frequency with amplitude 
and other conditions would probably be less marked than is ordinarily 
the case. If the fork is well balanced, the weight ol its stand is immaterial. 

G. A. S. 

1854. JEolian Tones. E. G. Richardson. (Phys. Soc., Proc. 36. 

pp. 153-165; Disc., 165-167, April, 1924.)—After an account of previous 
work on the vibrations maintained by fluid motion, new experiments are 
described for testing by several methods the dependence of the pitch 
n on the fluid speed V and on the diameter D of the vibrator. The results 
show that V/mD^ varies from 8 to 5. while D ranges from 0-02 to 2 cm.; 
the same figures being obtained with fluids of widely different viscosities. 
Results are also given for cords of square section, and a value of the critical 
speed for turbulence is deduced. G. A. S. 

1855. Critical Frequency of Pulsation of Tones. F. Allen. (Phil. 
Mag. 47. pp. 941-944, May. 1924.)—In a recent paper with above title 
[see Abstract 916 (1924)), several relationships were deduced from the 
experimental data connecting (1) D, the duration of a pulse of sound at 
the critical frequency of pulsation or flutter of a tone ; (2) P, the blowing 
pressure of the air in tonvariator, to which the intensity of the sound is 
proportional; and (3) N. the frequency of vibration of the tone. The 
most important of these relationships is that connecting D and P, viz. : 
D = K\/(log P) — C. where K and C are constants. This equation, applied 
to the experimental data, gave a series of straight lines for different values 
Of N. These lines were so uniformly straight that it was concluded that 
this equation completely satisfied the experimental data. 

The analogous equation of T. C. Porter connecting (1) D. the duration 
of a flash of light at the critical frequency of the flicker, and (2) L, the 
intensity of illumination of a black and white disk, is 1/D = K log L -f- C. 
And this equation, when applied to Porter's experimental data for white 
light, was found to have two values for the constant K, and therefore 
represented two straight lines with different inclinations, which met at 
a point representing the low illumination of a |-mctre candle. As this 
peculiarity of Porter’s law has been interpreted as applying to vision by 
the rods for dim light, and by the cones for bright, there seemed no 
reason for the occurrence of a similar phenomenon in the perception of 
sound, since nothing suggestive of a double percipient mechanism corre¬ 
sponding to rods and cones is known to exist in the ear. 

But recent unpublished work in the present author’s laboratory on 
the sense of touch revealed a phenomenon of double action precisely similar 
to Porter's law for the visual sensation. In consequence of this discovery, 
the data on sound were re-examined. On plotting the values of D and 
log P, it was found that each graph consisted of two straight lines similar 
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to those found by Porter. The change in slope of the lines in the figure 
occurs in each case at an intensity given by the tonvariator when blown 
by an air-pressure of 1-70 cm. of water. This is a quite weak sound, and 
is comparable with the analogous point found by Porter for light. The 
larger value of K in Porter’s equation is for high intensities, whereas 
the opposite is the case with sounds. But Porter’s equation expresses 
the reciprocal of D. while the sound equations give D directly. 

Thus, the Porter effect appears to be a general property of the sensory 
nervous system, and hence must be referred to some fundamental property 
that all such nerves possess in common. It is thought that the most 
probable location of the effect is in the synapses, which Sherrington has 
found to possess a large number of important functions in nerve conduction. 

E. H. B. 


1856. Telephonic Excitation of Acoustic Pressure. C. Barus. (Nat. 

Acad. Sci., Proc. 10. pp. 96-99, March, 1924.)—The author previously 
described [Science, 24. p. 155 (1921)) a series of simple experiments bearing 
on the nature of the acoustic forces observed in connection with telephone- 
blown pipes. On testing this work recently it was found that a series of 
repulsions occurred as well as the former attractions. The arrangements 
used in the experiments are explained by diagrams, afid the forces of 
repulsion and attraction are represented by graphs. E. H. B. 

1857. Audible Sonic Beats from Inaudible Sources. R. W. Boyle, 
S. C. Morgan and J. F. Lehmann. (Roy. Soc. Canada.Trans. 17. Sect. 3. 
pp. 141-145, 1923.)—Two ultra-sonic " oscillators,” of the type first used 
by Langevin, excited from two separate electrical sources, were placed 
facing one another in a large tank of water at a distance of 60 cm. 1 hus 
the two ultra-sonic beams, given out perpendicular to the faces of the 
oscillators, were made to intermingle. The oscillators were excited by 
electric oscillations of the required adjustable frequencies, generated by 
electronic valves in the usual manner. Two independent sources of 
electrical energy were employed ; one. an alternating potential of 60 cycles 
per second, producing a " tonic train ” of ultra-sonic waves when applied 
to an ultra-sonic oscillator, and the other a continuous potential producing 
*' continuous ” ultra-sonic waves. Although ultra-sonic waves are them¬ 
selves inaudible, a listening device can detect an ultra-sonic beam if the 
source of electrical energy applied to the valves generating the high- 
frequency electrical oscillations is a rectified alternating e.m.f. The group- 
frequency of the resulting tonic train is then twice the frequency of the 
alternating source. A good listening device was constructed by cementing 
two very thin mica discs to the sides of a brass washer 0-5 cm. thick, and 
with a hole 1*4 cm. in diameter, and connecting a stethoscope to a small 
brass tube soldered radially into the brass washer. When this listening 
arrangement was moved about in the space between the two oscillators 
immersed in water, a musical beat note was heard at once if the differ¬ 
ence of the ultra-sonic frequencies was in the range of audibility. When 
one transmitter only was in use, with continuous waves, nothing was heard 
in the stethoscope, but when 60-cycle a.c. was used a note of 120 cycles per 
second—the tonic train group frequency—was heard, and when both trans¬ 
mitters were excited from the a.c. source the beat note and the tonic train 
note were both heard. As the listening device was moved along the axes 
of the two intermingling beams, positions of maximum and minimum 
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intensity of the beat note could be observed, indicating the presence of 
stationary waves. These maxima and minima were a half-wave-length 
apart, the half-wave being about the average of the halves of the individual 
waves, which were nearly equal. A. \V. 

1858. Auditory Masking of One Pure Tone by Another and its Probable 
Relation to the Dynamics of the Inner Ear. R. L. Wegel and C. E. 
Lane. (Phys. Rev. 23. pp. 266-286, Feb., 1924.)—Using an air-damped 
telephone receiver supplied with current with a proper combination of 
two frequencies, as source, the amount of masking by tones of frequency 
200 to 3500 was determined for frequencies from 150 to 5000 per sec. 
The magnitude of a tone is taken as the logarithm of the ratio of its 
pressure to the threshold value, and masking is taken as the logarithm 
of its threshold value with masking to that without. The curves of 
masking as function of magnitude are approximated straight lines as a 
rule, except for rounded feet, of slope s intersecting the magnitude axis 
at minimum masking magnitude mi. For a given masking frequency n 
the slope increases from zero through nearly unity for a frequency near n, 
then more slowly, approaching about three or four for the highest fre¬ 
quencies measured. The intercept is small or zero below »». then increases 
rapidly, approaching the value three for high frequencies. Except when 
the frequencies arc so close together as to produce beats, the masking is 
greatest for tones nearly alike. When the masking tone is loud it masks 
tones of higher frequency better than those of frequency lower than itself. 
When the masking tone is weak there is little difference. If the masking 
tone is introduced into the opposite car. no appreciable masking occurs 
until the intensity is sufficient to reach the listening car through the 
bones of the head. At intensities considerably above minimum audibility, 
there is no longer a linear relation between the sound pressure and the 
response of the ear. Data are given showing combinational tones resulting 
from this non-linearity when two tones are simultaneously introduced 
in the car. The presence also of subjective overtones in a loud tone accounts 
for the large amount of masking of tones higher than itself by a loud 
masking tone. 

The data on masking together with Knudscn’s data on frequency 
sensibility are interpreted in terms of the dynamical theory of the cochlea, 
which ascribes its frequency selectivity to a passing of vibrations along 
the basilar membrane and a shunting through narrow regions of the 
membrane at points depending on the frequency. Conjectured curves 
are given for a few single frequencies of the amplitude of vibration of 
this membrane as a function of the distance along it. [See Abstract 
1244 (1924).] ' E. H. B. 

1859. Vibration in Spark-Blown Closed Quill Tubes by Electric Oscil¬ 
lation. C. Bar us. (Nat. Acad. Sci., Proc. 10. pp. 1-3, Jan., 1924.)— 
The present experiments are in the main similar to the preceding ones 
on the vibration of the air filament in quill tubes closed at both ends, 
except that the vibration is now maintained by a spark succession of 
controllable frequency instead of by a telephone. [See Abstract 2228 
(1923).] The results obtained here are in fair agreement with the former 
ones. The resonance conditions as before, are determined by the acoustic 
pressures generated, these being measured by the interferometer U-tube. 
The acoustic pressure appears to be proportional to the length of the 
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spark-gap. The electric oscillations produced in one tube are also 
examined, the frequency of the primary break being maintained constant, 
whilst that of the secondary is modified by means of a variable condenser. 
From these results an approximate value for the inductance of the 
secondary is deduced. A. A. D. 

1860. Physical Criterion for Pitch of a Musical Tone. H. Fletcher. 
(Phys. Rev. 23. pp. 427-437. March, 1924.)—A high-quality telephone 
system was used to reproduce musical sounds from the voice, the piano, 
the violin, the clarinet and the organ without any appreciable distortion. 
Into this telephone system electrical filters were introduced which made 
it possible to eliminate any desired frequency range. Results with this 
system show that only the quality and not the pitch of such musical sounds 
changes when a group of either the low or high-frequency components is 
eliminated. Even when the fundamental and first seven overtures were 
eliminated from the vowel ah sung at an ordinary pitch for a baritone, 
the pitch remained the same. These results were checked by a study of 
synthesised musical tones produced by ten vacuum-tube oscillators, with 

frequencies from 100 to 1000 at intervals of 100 . It was found that 

three consecutive component frequencies were sufficient to give a clear 
musical tone of definite pitch corresponding to 100, and that in general, 
when the adjacent components had a constant difference which was a 
common factor to all components, a single musical tone of pitch equal to 
this common difference was obtained, but not otherwise. 

Recent work on hearing has shown that the transmission mechanism 
between the air and the inner ear has a non-linear response, which accounts 
for the so-called subjective tones. When the components of low frequency 
are eliminated from the externally impressed musical tone, they are again 
introduced as subjective tones before the sound reaches the nerve terminals. 
Calculation of the magnitude of these subjective tones from the non¬ 
linear constants of the ear shows that the results on pitch are what might 
be expected. 

Sound spectra of ten typical musical sounds, obtained with an electrical 
harmonic analyser to be described by Wegel and Moore, are given in the 
present paper for ah sung at pitch d, d sung at a, the notes c x and c ' on 
the piano, g' on the violin, c on the clarinet, also Cj (at three pressures) 
and c ' on organ pipes. «• . E. H. B. 

1861. Production of Tone in Blown Pipes. P. Cermak. (Phys. 

Zeits. 25. pp. 121-130, March 15. 1924.)—This paper records a number of 
experiments in continuation of previous work [see Abstract 717 (1923)j. 
It is found that if a pipe has one or several discs in it. each pierced by 
a hole at its centre, blowing will elicit a tone. The frequency of the excited 
tone increases with increased blast, but the tones elicited are only the 
fundamental resonance tone of the pipe and its overtones. It has been 
investigated how the positions of the discs, their thickness and the sizes 
of their holes influence the production of x the tone. The utterance of the 
tone was found to depend on the formation of eddies at the edge of the 
holes in the discs. * *• * E. H. B. 
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ELECTRICITY AND MAGNETISM. 

THEORY, ELECTROSTATICS, AND ATMOSPHERIC 
ELECTRICITY. 

1862. Effectof a Transition Layer on Intrinsic Potential. P. V. Wells. 

(Phys. Rev. 23. pp. 205-208, Feb., 1924.)—Frenkel's theory of the intrinsic 
potential is generalised to inclu de the ef fect of a transition layer. The 
expression derived is <j> » 27rn£(Er 2 cos 2 9). where n is the number of mole¬ 
cules per c.c., and the summation is made of the mean square normal 
component distances of the electrons and nuclei from the centre of mass 
of the molecule, one term for each electron and one for each nucleus, E 
being the corresponding charge. The intrinsic potential depends, then, 
on the average positions of the electrons and nuclei, but is independent of 
the form of the transition layer. For molecules with spherical symmetry 
the expression reduces to that of Frenkel. Author. 

1863. Relation between the Potential Gradient and the Number of Large 
Ions in the Atmosphere. J. J. Nolan. (Nature, 113. p. 493, April 5, 
1924.)—The author's experiments have shown that there is often a close 
connection between the magnitude of the atmospheric potential gradient 
and the concentration of large ions, and three examples are given, two 
showing the similarity between the curves representing the simultaneous 
variations of the quantities during two different intervals of an hour each, 
and one showing the similarity between the curves representing the simul¬ 
taneous variations in the daily means of the quantities over an interval of 
three weeks. There are cases, however, when the agreement is not so 
good. The concentration of ions of one sign only is used, but in the 
author’s experience it is exceptional for there to be any great difference 
between the numbers of ions of the two signs. It is suggested that the 
connection demonstrated is not direct, but that a large number of large 
ions implies a small number of the more mobile small ions, and therefore 
an increased resistance in the lower layers of the atmosphere and a steepen¬ 
ing in the potential gradient. The possible effect on measurements of the 
potential gradient in the neighbourhood of cities is mentioned. 

M. A. G. 

1864. Atmospheric Discharge of Globular Form. G. F. Vandeperre. 

(Elettrotecnica, 11. pp. 271-273. April 25. 1924.)—This paper contains 
accounts of some instances in which the author has observed the curious 
phenomenon of ball lightning. A. E. G. 

DISCHARGE AND OSCILLATIONS. 

1865. Electricity in Flames. H. A. Wilson. (Am. Electrochem. Soc., 
Trans, pp. 44. 127-136, 1923.)—An historical review is given of the work of 
Giese in 1882 in developing the ionic theory of gaseous conductivity and 
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of the work of Arrhenius in 1891 on the conductivity of the Bunsen flame 
containing salt vapours whereby the relation was established between the 
current, p.d.. and distance between the electrodes and concentration of salt 
vapour in the flame. It is found by the present author that for flames of 
equal conductivity containing different alkali metals, the relation between 
the current, p.d., and distance between the electrodes is nearly the same, 
from which it follows that all alkali metals give ions having the same ionic 
mobilities. In accordance with the mobility of the negative ion being 
greater than that of the positive, it is found that the potential gradient 
is greater near the negative electrode than near the positive. The per¬ 
centage of vapour ionised in a Bunsen flame varies from 91 in the case of 
caesium !o 0-2 in the case of lithium. The velocity of the negative ions 
due to 1 volt per cm. in a Bunsen flame appears to be between 1000 and 
20,000 cm. per sec. with a probable value of about 7000 cm. The velocity 
of the positive ion with the same gradient appears to be only 1 or 2 cm. 
per sec. The negative ions are probably free electrons part of the time 
and combined with neutral atoms the remaining time. An investigation 
has been made of the ionisation by collision-of the electrons with alkali 
atoms which occurs when using strong electric fields. An account is 
given of the behaviour of flames in a magnetic field, and a discussion is 
given of the application of thermodynamical theory to the calculation of 
the degree of ionisation at high temperatures. It is found that the ionisa¬ 
tion of alkali metals in flames is approximately in accordance with Saha s 
theory [Abstract 218 (1921)], or a nearly constant value is given by the 
product of the relative concentrations required to give equal conduc¬ 
tivities in a flame with the relative degree of dissociation as calculated 
from the expression :— 


logio 


K* 

K. 


5048 (Vj - V 2 ) 
T 


where and K 2 represent the dissociation values, V the ionisation poten¬ 
tial, T the absolute temperature, and 5048 is derived from the charge on 
the electron. 

A bibliography is given of the literature on the subject. J* N. P. 


1866. The Conductivity of Flames for Rapidly Alternating Currents. 
H. A. Wilson and A. B. Bryan. (Fhys. Rev. 23. pp. 195-199, Feb., 
1924.)- Expressions are developed for the capacity and series resistance 
of a parallel plate condenser in a salted flame, which enable certain constants 
to be computed from the measurements of Bryan [see next Abstract.. 
The calculated density of positive ions increases from 0 03 e.s.u. in the 
unsatled flame to 1-5 e.s.u. for the flame sprayed with a solution of 
10 grammes/litre K 2 C0 3 . For the smaller concentration, it varies about 
as the square root of the potassium present, as was to be expected. The 
variation with frequency and electric field is slight. The calculated 
mobility of electrons is found to diminish from 200 to 60 m./sec. per 
volt/cm. as the r.m.s. field increases from 9 to 64 volts/cm., in good 
agreement with values found by Loeb for electrons in pure nitrogen a 
room temperatures. It decreases markedly as the concentration of 
potassium increases. ' Authors. 


1867. The Electrical Properties of Flames containing Salt Vapours f<# 
High-Frequency Alternating Currents. A. B. Bryan. (Phys. Rev. 23. 
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pp. 189-194, Feb., 1924.)—-The capacity C, and equivalent series resistance 
Ri of a condenser consisting of two concentric platinum cylinders, 0-5 cm. 
apart, in a llame containing K 2 C0 3 vapour, are measured, using a modifica¬ 
tion of the method of resistance variation. Values of C, and 1<, arc 
obtained for voltages between 11-4 and 82 • 2 volts, for frequencies between 
2 x 10* and 10 ° cycles per second, and for salt concentrations up to 
10 grammes per litre of K.,C0 3 solution. The resistance is approximately 
independent of the field, but decreases somewhat as the frequency increases 
and also as the concentration increases. The capacity is half as great for 
82 as for 11 volts, and for 10 x 10 5 as for 2 >: 10 5 cycles, but increases 
fivefold as the concentration increases from 0* 1 to 10 grammes per litre. 
The apparent dielectric constant varies from 1*2 for the unsalted llame 
to 9-1 for 10 grammes per litre. 

[For theoretical discussion see preceding Abstract.] Author. 

1868. The Motion of Electrons in Nitrogen. H. B. Wahlin. (Thys. 

Rev. 2:i. pp. 169 177, Feb.. 1924.)—Mobilities of electrons in nitrogen 
have been determined in fields ranging from 1 volt/cm. to 55 volts/cm. 
at atmospheric pressure. For low fields the mobility has a value of 18,000 
cm./scc., but decreases rapidly for higher fields. The results agree for low 
Helds with Compton's mobility equation, vie., u'** a/[l + (1 4 Hr 2 )*]*,but 
in order to obtain full agreement it must be assumed that the mean free path 
of the electron decreases as the velocity of the electron increases, and also 
that the impacts of electrons with nitrogen molecules arc not completely 
clastic. The mean free path of the electrons in nitrogen at a pressure of 
760 mm. and in thermal equilibrium with the molecules has been determined 
from the limiting mobility as the field in which the mobility is determined 
approaches zero. The value thus found is 0-000131 cm. This is about 
2-7 times the kinetic theory value. Author. 

1869. Electron Emission from Metals as a Eunction of Temperature. 

O. W. Richardson. (Phys. Rev. 23. pp. 153-155, Feb., 1924.)—The 
equation i =-< AT 2 * -6 ^ 1 * was first presented in 1911, and the fact that A 
is a universal constant^was stated in 1915. The proof involved nothing 
beyond the application of elementary thermodynamics to the equilibrium 
of the external electron atmospheres, hence the development owes nothing 
to Nernst’s heat theorem or chemical constants. Contrary to Dushman’s 
implication [Abstract 310 (1924)), the writer did not consider it probable 
that the work function is the same for all substances. Author. 

1870. The Emission of Electrons under the Influence of Chemical Action. 
M. Brotherton. (Roy. Soc., Proc. 106. pp. 468-480, April 1, 1924.)— 
An oxtension is made of the earlier investigation of O. W. Richardson 
(Abstract 1593 (1921)) of the emission of electrons from drops of a liquid 
alloy of sodium and potassium when acted on at a low pressure by chlorine, 
carbonyl chloride, and water-vapour. The experimental method adopted 
is similar to that employed in the earlier work. Two methods of supplying 
the active gas at high and low pressures respectively to the alloy arc 
devised, which render it possible to secure an emission varying by less than 
20 % in 60 mins. The saturation currents range from 2-Ox 10” ,u amps, 
to 4-3 X 10“ 8 . The magnitude of the emission is dependent both on the 
rate of the drops and on the pressure of the active gas. At low piessures 
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the shape of the curve giving the relation between current and voltage is 
dependent mainly on the pressure of the active gas, and independent of 
the composition of the alloy and the rate of the drops. The curve 
approaches the voltage axis in the region of 1 volt. Saturation invariably 
occurs within 3-5 volts and sometimes less. The saturation part of the 
curve is parallel to the voltage axis up to 15 volts, beyond which it is not 
examined at low pressures. 

With increase of pressure of the active gas an increase is obtained of 
the saturation current and of the potential required to cause saturation, 
while the saturation part of the curve assumes an upward slope which is 
particularly marked beyond a certain potential. With a reading of 
2 mm. pressure on a gauge containing sulphuric acid, the saturation part 
of the curve has almost disappeared and the graph becomes nearly a 
straight line up to 4Q volts. The approach of the current curve to the 
voltage axis is found to be gradual and appears to be asymptotic. In 
this respect the chemical characteristic is differentiated from the photo¬ 
electric curve and resembles the thermionic relation. J. N. P. 

1871. Behaviour of Low-Velocity Electrons in Methane Gas. G. 

Glockler. (Nat. Acad. Sci., Proc. 10. pp. 155-160, April, 1924.)—The 
curve obtained by plotting values of the current as ordinates against 
values of the applied voltage as abscissa?, in the case of methane contained 
in a thrcc-clcctrodc tube exhibits a well-marked maximum. This maxi¬ 
mum is shown to be attributable neither to dissociation of the gas nor to 
its thermal decomposition by the hot filament, but may be due to a low 
radiation-potential of the gas or to abnormal transparency of the gas as 
regards low-velocity electrons. J. S. G. T. 

1872. Effective Radii of Gas Molecules. L. L. Nettleton. (Nat. 
Acad. Sci., Proc. 10. pp. 140-145, April. 1924.)—When electrons pass 
through a gas and produce ions, the number of these is directly propor¬ 
tional to the gas pressure, to the number of electrons, and to the distance 
they travel. When all these factors arc constant, the number of ions 
produced decreases with increasing velocity of electrons. If the effective 
molecular radius is defined as the radius of a sphere about the 
molecular centre, within which (on the average) an electron must pass to 
ionise the gas molecule, this decrease in ionisation may be interpreted as 
a decrease of the effective molecular radius. The change in ionisation as 
a function of the velocity of the ionising electrons is the subject of the 
present investigation. The apparatus used is described in detail and is 
very similar to that of Barber and McAllister [Abstract 1132 (1921) and 
1438 (1923)] for the study of secondary electron characteristics. Measure¬ 
ments were made for air, hydrogen, and mercury-vapour over a range of 
electron velocities from 100 to 2500 volts. The results are shown in 
curves where the effective molecular radius is plotted against the electron 
velocity, from which is seen a regular decrease of the effective molecular 
radius with increasing electron velocity. This suggests that the cha^g 
in the ionising power of electrons may be in accord with the Rutherford 
relation that the ionisation I = K*/E*, where E is the electronic energy $ 
and K 1 a constant. The corresponding relation in terms of electron 
velocity, v, and molecular radius, a, is a = K/V. To test this further, 
the data of other workers on ionisation in air due to electrons, kathode 
rays, and /?-rays were reduced to the basis of effective molecular radius, 

vol. xxvii.—a.—1924. 



ELECTRICITY AND MAGNETISM. 


657 


when over a range of velocities from 10* to 2-5 x 10'° cm. per sec., the 
ionisation is in general agreement with Rutherford's formula. 

H. H. Ho. 

1873. Ionisation and Activation of Gases. K. T. Compton. (Am. 
Electrochem. Soc., Trans. 44. pp. 117-125; Disc., 125-120, 1923.)— 
During the passage of an electric discharge through a gas the atoms are 
not all in the normal state, but exist in a great variety of conditions of 
partial or complete ionisation, each state having its own characteristic 
physical and chemical properties. The following effects of some of these 
properties are important : Formation of unusual temporary chemical 
compounds ; spectroscopic changes, especially in the band and absorption 
spectra : production of arcs at abnormally low voltages ; catalytic action 
of a gas whose atoms are in an excited state upon another gas with which 
it is mixed. This catalytic action may be a photochemical action or not. 
depending on whether light or another agent is used to put atoms into the 
excited state. Author. 

1874. The Formation of Gaseous Ions in the Oxidation of Nitric Oxide. 
A. K. Brewer and F. Daniels. (Am. Electrochem. Soc., Trans. 44. 
pp. 257-268 ; Disc., 268-269, 1923.)—Experiments with a special form of 
chamber show that when nitric oxide is oxidised between oppositely 
charged electrodes a current of electricity passes through the gases. The 
current is of the order of 10“ 14 amp. for the oxidation of 50 c.c. of nitric 
oxide per minute reacting in a field of 450 v. per cm. This corresponds 
to about one ion for every 10 13 molecules reacting. The current is directly 
proportional to the voltage and to the number of molecules reacting. No 
evidence of a saturation current could be detected. The precautions 
necessary to exclude extraneous charges and obtain reproducible results 
are given. Various hypotheses are advanced to explain the results. 

Authors. 

1875. Electron Emission from Plates Bombarded by Positive Ions. E. 
Badareu. (Phys. Zeits. 25. pp. 137-140. March 15. 1924.)—The chief 
difficulty in investigating the electron emission from a metal subjected to 
the bombardment of positive ions in a high vacuum is that the number of 
ions in the bombarding stream normally increases with the electric field. 
An arrangement is here described in which this is obviated. Using a 
heated platinum kathode, it is shown that, contrary to the opinion of 
Stark, it is unnecessary for the bombarding ions to possess a certain 
threshold energy, but that electron emission takes place for all energies 
of the ions, and, in fact, that the number of electrons emitted is propor¬ 
tional to the energy of the ions. Further experiments using different 

metals are contemplated. Cr. A. S. 

/ 

1876. The Spectrum Emitted during the Stoppage of the Positive Rays of 
Lithium. M. Morand. (Comptes Rendus, 178. pp. 1628-1529, May 5, 
1924.)—A continuous stream of positive rays of lithium has been obtained, 
and it is found that when a bundle of these rays strikes an obstacle they 
form a thin layer of the metal, the process corresponding to a true ” electro¬ 
lysis." The region in which this layer is formed is luminous during the 
action and the light emitted is characteristic of the positive rays used. 
Thus the light sent out shows the usual lithium lines, that is, the arc 
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spectrum emitted by the neutral atom. The explanation is very simple, 
namely the capture of electrons by the positively charged rays, the electron 
in falling into its stable orbit emitting the characteristic spectrum t. nes 
corresponding to various impurities, including silicon, have been observed. 
Three other lines have also been noted, including 2934-15 attributed by 
Mohler to the spark spectrum of lithium. These may arise from the 
bombardment by the oncoming and powerfully ionising lithium positive 
rays of a “ cloud '* of lithium which surrounds the kathode. The line 
2934 -2 may be a doublet with components 2933-85 and 2934-5, and if so 
this is important, for the spark spectrum of lithium must be comparable 
with that of helium and one might expect to find a line in this region 
corresponding to the helium doublet 10829-1-10830-3. The author has 
also observed A3715-4 and 2498-1 apparently belonging to the spark 
spectrum of lithium. W. V. M. 


1877. The Spectra Associated with Thermionic Discharge in Carbon 
Monoxide. F. Baldet. (Comptes Rcndus, 178. pp. 1525-1527, May 6, 
1924.)—The study of the spectra due to thermionic discharge is as inter¬ 
esting to astro-physicists as to pure physicists, since to the former the 
method is valuable in researches on the spectra of comets, nebula;, etc.. 

A diode has been used containing carbon monoxide under low pressures 
of a few tenths of a millimetre and having a fall of potential of about a 
hundred volts, under which conditions a complex band spectrum was 
produced consisting of the spectra due to " carbon monoxide ” (or second 
positive group), the third positive group, an ultra-violet negative group 
due to carbon, a doublet spectrum observed in comet's tails and identified 
by Fowler [Abstract 367 (1910)] with low-pressure CO, and an apparently 
new spectrum. At lower pressures the spectTa of comet’s tails are remark¬ 
ably reproduced. The introduction of a little air causes the appearance 
of " cyanogen ” bands and the negative nitrogen group at 3914. The 
new spectrum is well developed under a pressure of 0-7 mm. and less 
visible at 10 mm. It consists of three intense doublets shading off towards 
the violet, each head of which is itself a close doublet. The appearance 
is similar to that observed in comets' tails the bands being formed of 
numerous lines only resolved at high power. This spectrum cannot 
with certainty be attributed to carbon monoxide. W. V. M. 


1878. Electron Emission from Metals as a Function of Temperature. 
S. Dushman. (Phys. Rev. 23. p. 156. Feb.. 1924.)—Recent very accurate 
measurements on the emission from filaments suggest that the constant 
A has the same value for all pure crystalline substances such as pure 
W, Mo and Ta, but is less for thoriated tungsten. ca?siated tungsten 
and oxide-covered platinum. This apparent disagreement with theory is 
briefly discussed. [See Abstract 310 (1924).] Author. 


1879. Law and Mechanism of the Emission of Electrons from Hot Bodies- 
S. C. Roy. (Phil. Mag. 47. pp. 561-569, March, 1924.)—On the supposi¬ 
tion that the electrons inside a metal form space-lattices just as atoms do 
in a crystal, and regarding the thermal emission of electrons from metals 
as thermodynamically equivalent to a process of sublimation from the 
solid to the gaseous state, a mathematical expression for the thermionic 
current-density is obtained, the argument involving the employment of 
various recent theorems. The distinction between photo-electrons and 
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thermally emitted electrons is discussed in relation to the general question 
of electron emission. A. 13. C. L. 

1880. Emission from an Incandescent Platinum Wire in Air. A. M. 
Tyndall and G. C. Grindley. (Phil. Mag. 47. pp. 689-702, April, 1924.) 
—The mobility of the normal ions produced by the usual ionising agencies 
in fairly dry, dust-free air at atmospheric pressure is of the order of 
1 • 8 cm./sec./volt/cm. for negative and 1-4 for positive ions. An apparent 
exception to this was found by McClelland in the case of ions from an 
incandescent wire, an arc, or a flame. In his experiments an air current 
carried the ions into a metal tube, in which their mobility was determined 
by a method which Rutherford had used in the case of ions produced by 
uranium. In the case of an incandescent wire, with which the present 
paper is concerned, McClelland found that the ionic mobility was small 
compared with that produced by X-rays, and that the hotter the wire 
the smaller was the mobility. Further the mobility, which was of the 
order of 0-01 to 0-003 cm./sec., decreased with increase of distance from 
the source. McClelland concluded that each ion picked up molecules ?nd 
formed a cluster which grew in size with age. Rutherford made observa¬ 
tions on the current between two plates, one of which was red hot; he 
concluded that the mobility of the positive ions from platinum may vary 
within wide limits, its average value decreasing with increasing distance 
between the plates. The purpose of the present experiments is to obtain 
more definite information on the whole subject by means of mobility 
measurements. Two types of apparatus are used, the first suggested by 
an experiment of Nolan, though differing from it in several respects, and 
is here referred to as the box method ; the second is McClelland's original 
method with modifications. Both are described and illustrated diagram- 
matically. The conclusion drawn from the experiments described is that 
the hot filament emits electrons, positive ions, and a copious supply of 
uncharged particles. When removed from the vicinity of the particles, 
the electrons attach themselves to molecules and become norma! ions of 
mobility the same as that of negative ions produced by polonium. In 
the first method the mobility is measured within J of a sec. from birth 
and in the second method after 6 to 15 secs, w ith the same results, showing 
that, removed from nuclei, the " normal " ion retains its identity unchanged 
with age. The positive ions are complex. Curves showing results strongly 
suggest that positive ions of mobility about 1 • 4 in air are given off from the 
hot wire, but there must also be many ions present having mobilities from 
20 to 60 per cent, lower than this. HQtterman has shown that in vacuo 
a hot wire emits not only gaseous positive ions but positive atoms of the 
metal, and the curve given heTe may be accounted for in this way. It is, 
however, a little doubtful whether a mobility of the order of 1 • 1 instead 
of the normal 1-4 could be that of foreign gaseous ions or of platinum 
atoms in air. Blanc has carried out some work which suggests that the 
mobility of the C0 2 ion measured in air is the same as that of an air ion. 
Similar results have been obtained by NVellisch for ions of methyl iodide 
in an atmosphere of hydrogen. Franck arrives at the same conclusion 
in the case of the positively charged recoil atoms of thorium D. If these 
results are accepted it must be concluded that the positive ions are emitted 
either as small metallic clusters or as atoms, many of which form clusters 
by the time they reach the box. The clusters, however, must be small 
compared writh those usually known as large ions. The wire when used 
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for positive emission was only at dull red heat; the convection current 
from it was therefore less than when it was negative. A certain amount 
of clustering of ions with uncharged nuclei may possibly, therefore, have 
taken place before they were separated. The emission of the negative 
ion as an electron with high mobility, together with the greater convection 
current would account for the absence of similar clustered ions in the 
results for negative discharge. The uncharged particles are presumably 
metallic clusters ranging in size from atoms to metallic dust. Left in 
association with ions, thev take up charges and become large ions. 

A. E. G. 


1881. Angular Momentum and Electron Impact. P. M. S. Blackett. 
(Cambridge Phil. Soc., Proc. 22. pp. 56-66. Feb., 1924.)—A mathematical 
investigation of the assumption that, in a system consisting of one atom 
and one impacting electron, there is exact conservation of both energy 
and linear and angular momentum. It is shown that, for electron energies 
just greater than the excitation energy, it is possible to derive from this 
assumption an upper limit to the probability of excitation by electron 
impact. The effect of the quantum orientation of the atoms in a magnetic 
field is shown to impose important restrictions on the conditions for 
excitation, and the predicted probabilities are shown to be in rough agree¬ 
ment with some results of Franck. A - B. C. L. 


1882. The Free Potential of the Grid and Plate of the Triode Valve and 
the Apparent Distribution of the Initial Velocity of Electrons. H. Nuklyama 
and T. Kuwashima. (Inst. El. Eng. of Japan. J. No. 425. pp. 942-949, 
Dec., 1923.)—Measurements were made by means of a quadrant electro¬ 
meter. The free potential of the grid was found to be negative in most 
cases, even if the plate voltage is kept high by an external source of c.m.f. 
The effect of a grid leak on the free potential of the grid was studied «n 
detail, and from this investigation the apparent distribution of the initia 
velocity of electrons was calculated. W. R. 


1883. The Photoelectric Effect. R. DUmpelmann and W. Hein. 
(Zeits. f. Physik, 22. 6. pp. 368-383. 1924.)—H and O, developed on tn 
hinder side of an iron plate, enhance the photoelectric effect consideraD y- 
When their evolution is stopped, the photoelectric effect falls off 9 uick ‘j e 
This is not due to the gases diffusing through the metal, renewing tn 
surface, and removing the photoelectric fatigue ; a well-scrubbed surlac 
is equally sensitive to this enhancement. Besides, fatigue is long 
showing itself, and the action of H or O is prompt. Again, the result 
not due to changes of temperature. It is mainly due to alteration of tn 
iron by its becoming permeated with the gases. Copper absorbs ver) 
little H or O, and there is little or no change in the photoelectric eflec _ 
Hydrogen acts in the same manner, whether electrolytically or chemically 
formed. Light decreases the photoelectric effect, which is regained m 
darkness ; the regain in darkness is greater the more the iron is charge 


with H or O molecules. 


A.D* 


1884. Symmetry of Incident and Emergent Photo-Electronic Velocth**• 
R. J. PXersol. (Phys. Rev. 23.. pp.. 144-152. Feb.,. 1924.)—Previous 
observers have obtained ratios of emergent to incident energies of 1 * 2u 
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more, contrary to quantum theory, but these ratios are shown lo be due 
to the rounding off of the" feet "of the current voltage curves as a result of 
the presence of stray light of shorter wave-length. When monochromatic 
light was used and precautions were taken to avoid stray light a photo¬ 
electric cell of the ordinary type with a thin Pt film deposited on glass as 
target, gave straight-line curves crossing the line of zero current at the 
same voltage point. Additional experiments showed that the maximum 
energy is the same in all directions and equal to 1-76 volts for 1850 A. 
and 0-20 volt for 2540 A. A. li. W. 

1885. The Mobilities of Electrons in Helium. L. B. Loeb. (Phys. 
Rev. 23. pp. 157 -168, Feb., 1924.)—The results of measurements previously 
described on the mobilities of electrons in N 2 [see Abstract 984 (1922)) 
and H 2 [see Abstract 195 (1923)1 at atmospheric pressures, using the 
Rutherford alternating current method with sine wave form oscillations, 
made it of interest to determine those in helium, in which Compton has 
shown that the fraction of the energy lost by an electron at each impact 
with a He atom lies close to the theoretical value J = 2>u/M =* 0 -000268 
(m being the mass of the electron and M that of the He atom). The 
mobilities were determined for fields up to 50 volts/cm. and at pressures 
of 447, 189, 117 and 49 mm. of Hg. The He was purified by prolonged 
circulation over charcoal in liquid air, maintained by a mercury-vapour 
pump. Spectroscopic observation indicated the impurity' to be about 
1/10,000, chiefly H. The results for the mobility constant, reduced to 
760 mm. pressure and computed in the ordinary way, arc well represented 
by the equation k' = [11 O(lO) 0 /(2-45 + E 0 760//>)1*. where E 0 = vjd is 
the electric field as read on a static voltmeter. It has been pointed out 
that since It is a function of E 0 , a correction is necessary because of the 
use of a varying field in the measurements. It is now shown that this 
correction may be made by multiplying the constants in the equation 
for k' by factors which depend on the form of the equation. The corrected 
equation is k - [7-67(10) 8 /(l -56 + E o 700//>))*. For E 0 = 0. this gives 
h 0 = 22,000. a value close to that given by Townsend’s equation. Hence 
the mean free path seems to have the value given by the kinetic theory. 
Compton’s theory agrees well for E 0 above 20 volts/cm., but gives too 
low values for lower fields. 

Mobility of Electrons in Hydrogen and Nitrogen .—The corrected empiri¬ 
cal equations from previous observations are h = [3-637( 10) 5 /( 11 • 9 
-»• E 0 760 /p)\ for N 2 and k = (4-32(10)^/155-2 + E 0 (760//»)*l) for H 2 . 
Experimental procedure is very fully described. H. H. Ho. 

1886. Electrical Properties of Helium. J. S. Townsend and S. P. 
McCallum. (Phil. Mag. 47. pp. 737-753. April. 1924.)—The authors 
claim that the experiments on the photoelectric electric currents in helium 
between parallel plate electrodes arranged in such manner as to determine 
the rate of increase of the current with the distance between the plates, 
have shown that the electrons set free from the negative electrode by 
ultra-violet light acquire sufficient energy to ionise molecules by collision 
before any other process of ionisation occurs to an extent which is appreci¬ 
able in comparison with the effect of ionisation by single collisions [see 
Abstract 1198 (1923)]. They admit that results which follow by simple 
calculations from this theory are not in agreement with the properties of 
atomic models as indicated by the quantum theory. Detailed descrip- 
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tions of experiments are given which are claimed as supporting the theory 
and as answering objections raised against it. G. W. de T. 

1887. The Active Agents in Luminescent Calcites, Aragonites, and 
Dolomites. T. Tanaka. (Optical Soc. of America, J. and Rev. Sci. 
Inst. 8. pp. 411-418, March, 1924.)—In his previous study of the kathodo- 
luminescence of solid solutions of 42 metals [see Abstract 1548 (1924)], the 

. author determined the location of the luminescence bands characteristic of 
those metals, the frequency intervals of each one, and certain regular rela¬ 
tions existing between these frequency intervals and the atomic weight. 
The results afford a principle by which the identity of a metal to which 
certain bands are known to be due can be ascertained, and thereby enabled 
the investigation of some luminescent substances the active agents of which 
have long been subjects of discussion. In the present paper the kathodo- 
luminescence of certain calcites and related minerals are considered, an 
historical review of previous work preceding the data now acquired. 
The chief active agent in the luminescence of calcites, crystalline lime¬ 
stones, and dolomites is found to be generally manganese, and the lumin¬ 
escent colour is orange or reddish-orange. Sometimes manganese does not 
show a prominent luminescent power and in such cases the luminescence is 
generally faint. Sometimes strontium acts as the chief active agent, 
giving a greenish, comparatively faint luminescence, such occurring fre¬ 
quently in aragonites. Other active agents are dysprosium, yttrium, 
thallium, and samarium. H. H. Ho. 

1888. Experimental Determination of the Velocity of Kathode Rays. 
F. Dacos. (Assoc. Ing. El. Li6ge, Bull. 2. Ser. 7. pp. 105-115, March, 
1924.)—The principle of the method employed is as follows : The kathode 



rays are filtered through two screens e x and e 2 , the parallel beam of rays 
emerging produce at O on the side opposite the kathode a phosphorescent 
spot. This parallel bundle of rays is a flexible conductor. When a force 
of extremely short duration acts at A at the moment in which the ray 
passes there, it is deviated from the straight path—towards the base, for 
example—and the phosphorescent spot is displaced from O to O'. A time 
t is necessary for the deviated ray AO' to cross the distance AB = f- 
If at the moment in which this ray AO' penetrates into the zone B, it is 
submitted to a similar influence, but opposite to that at A, AO' is then 
deviated upwards, and the phosphorescent spot tends to take up its initial 
position O and comes to O'. When the action at B takes place in exactly 
time t after that at A, the spot O' approaches closest to O. The velocity 
v of the kathode rays is then expressed by the simple relation v = //*• 
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The method of measurement of time t is described, as is alsothecalculation 
of the experimental error. The value found for the velocity v — 36,000 
kilometres per second. A. E. G. 

1889. On the Active Agents in Luminescent Fluorspars and in Corundum 

and Spinel. T. Tanaka. (Optical Soc. of America, J. and Rev. Sci. 
Inst. 8. pp. 501-510, April, 1924.) —This paper describes further researches 
in identifying the active agents of luminescent substances, continuing tlie 
work on calcites, aragonites, and dolomites (see Abstract 1887 (1924)]. The 
following substances are discussed : 17 samples of fluorspar, 2 of corun¬ 
dum, 1 of artificial ruby, and 1 of spinel. It is concluded that in most 
fluorspars the chief active agent is samarium, but other agents are yttrium, 
thallium, lanthanum, cerium, and probably ytterbrium. The luminescent 
colours are violet, blue, and green, but these may change to orange when 
the substance is heated. Wiedemann and Schmidt established that the 
luminescent colour of alumina mixed with Fe 2 0 3 , CuO, or Mn 2 O a under¬ 
goes essential variation when changes are introduced in the calcination 
temperature and in the concentration of the active metal, so that it appears 
unsafe in this case to consider the luminescent colour as a unique criterion 
by which to identify the chief active agent. From the data considered it 
is concluded that pure alumina is non-luminescent, but an infinitesimal 
amount of an impurity may produce a bright luminescence. Lecoq and 
Schmidt succeeded in obtaining pure alumina, but Crookes and Becquerel 
did not, and some, at least, of the red lines observed by Crookes and Lecoq 
are due to chromium, among them being the doublet at 6942 and 6937 A .U. 
Many other lines found in Crookes' alumina spectrum must have been due 
to other sources not eliminated by the fractionation. The chief active 
agents of the luminescence of corundum arc chromium and samarium, 
while iron and sometimes copper play a small part. Green luminescence 
in spinels is due to manganese. H. H. Ho. 

1890. Energy Distribution in the Glow Discharge. A. GUnther-Schulze. 

(Zeits. f. Physik, 23. 5. pp. 334-336, 1924.) From the Reichsanstalt.)— 
A supplement to previous work (see Abstract 604 (1924)]. A plane 
mercury kathode at room temperature is found to absorb, with varying 
currents and gas pressure, on the average about 80 per cent, of the kathode- 
fall energy in hydrogen, and about 85 per cent, in nitrogen and water- 
vapour. G. A. S. 

1891. The Disappearance of Gas in the Electric Discharge, 

Research Staff of the General Electric Co., London. (Am. 
Electrochem. Soc., Trans. 44. pp. 87-98 ; Disc., 98-100, 1923.)— Experi¬ 
ments were carried out with evacuated incandescent tungsten lamps and 
results indicate that the disappearance or " clean up ” of the residual 
gases by phosphorus is due to the adhesion of the gas to a film of solid 
deposited by the discharge on the walls of the container. Other substances 
behave similarly to phosphorus. The inactive gases are more difficult to 
eliminate than gases such as oxygen or C0 2 , and a possible explanation to 
account for this difference is suggested. Authors. 

1892. The Spark Lag. W. Hiller and E. Regener. (Zeits. f. 
Physik, 23. 1-2. pp. 129-134, 1924.) —The conditions are investigated 
under which the dependence of the time of lag on the excess of the tension 
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over the true discharge tension can be shown in a reproducible manner. 
Two curves are given in which the lag is plotted against the excess 
tension, the pressure in one case being 175*4 mm. Hg, and in the other 
44* 1 mm. Hg. It is further shown that in absolutely dry air the lag is 
only slightly reduced by ionising by radium or polonium preparations. 
It is proposed to continue the experiments, using other gases. A. E. G. 

1893. Effect of Shunts on Mercury Vapour Tube Current Wave Form. 

F. H. Newman. (Phil. Mag. 47. pp. 939-940, May. 1924.)—A brief note 
accompanied by oscillographic records of the current through a mercury 
vapour tube when (1) unshunted; (2) shunted by an inductance; (3) 
shunted by a capacity ; and (4) shunted by an inductance in series with 
a capacity. The discharge tube was a bulb about 12 cm. dia., with two 
pools of mercury as electrodes, having different surface areas. A voltage 
of 20.000 at a frequency of 60 was applied to the tube. In case (1) the 
current is a pure sine wave ; in (2) peaked ; in (3) very irregular in shape, 
exhibiting the superposition of higher frequency oscillations on the main 
wave during alternate half-cycles; while (4) exhibits a uni-directional 
condenser discharge. A* H. 

1894. The Relation between Current, Voltage and the Length of Carbon 

Arcs. A. E. R. Westman. (Am. Electrochem. Soc., Trans. 43. pp. 171- 
186 ; Disc., 186-189, 1923.)—The conditions have been investigated for 
the formation of a steady arc between carbon electrodes with currents of 
300 to 400 amps, and a fairly steady arc with currents up to 800 amps. 
The phenomena of humming, swinging, and groaning arcs are described. 
It is found that an arc can be easily maintained with a p.d. of 20 volts. 
Determinations of the distance between the electrodes for various currents 
and voltages are made by the use of a cathetometer and clay models. 
Changes in the voltage caused by raising or lowering the kathode for 
measured distances are determined. For currents between 300 and 4uu 
amps, and a p.d. across the arc of 55 to 20 volts, the p.d. in volts is approxi¬ 
mately equal to the distance between the electrodes in mm.; for currents 
of 700 amps, or so the voltage is less than the distance. The formula 
proposed by Mrs. Ayrton and by Steinmetz for low currents are not m 
agreement with the experimental results for high currents. J- N* • 

1895. The Relation between Current, Voltage and the Length of Carbon 
Arcs. Part II. A. E. R. Westman and W. J. Clapson. (Am. Electro¬ 
chem. Soc., Trans. 44. pp. 137-150; Disc.. 150-152, 1923.)—In an earlier 
investigation Tsee preceding Abstract] it was found that for currents oi 
from 300 to 400 amps, the voltage over a carbon arc is approximately 
equal to the arc length in mm. when this is measured from the tip of tn 
kathode to the bottom of the anode crater. In the present work more 
accurate measurements are made with a range of currents from 100 to 
700 amps, and arc voltages from 15 to 60 volts. The arc is formed between 
graphite electrodes suitably mounted in an enclosure of fire-bncks, whicn 
is provided with an observation window. The anode is tapered at the 
end and the kathode recessed to form a crater. With currents of 400 amps- 
and above, the phenomenon of swinging becomes very persistent, observa¬ 
tion showing two spots at opposite sides of the bottom of the anode crater, 
which appear dark and bright alternately at intervals of one-half secon 
or less. This effect was avoided temporarily by drilling a hole 2 mm. in 
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diameter in the centre of the anode. A description is given of the nature 
' of electrode consumption and the general phenomena observe* 1 when 
employing a steady and different form of unsteady arcs. The distance 
between the electrodes during a run is determined by the use of a « nlhcto- 
meter, and measurements of the crater are made after a run by preparing 
a plaster model after the electrodes are allowed to cool in absence of air. 
The relation between the voltage ( e) and the length of arc (I.) in mm. i 
found to be independent of the current and to be expressed by the relation 
e = 0*99L. The results substantiate the conclusions of earlier work, 
and are in accordance with the results obtained by Watts. J. N. P. 

1896. Rotation of the Electric Arc. H. Stolt. (Ann. d. Physik., 74. 

1. pp. 80-104, April, 1924.)—Using a method similar to that of Nicol, the 
rotation of the electric arc under atmospheric pressure by a magnetic field 
is investigated, using electrodes of various materials. Magnetic field 
strength and length of arc are also varied. With constant current, », but 
increasing magnetic field, and therefore increasing velocity of rotation, 
ttoe potential difference, e, between the electrodes is found to increase. 
With decreasing i, e is found, for copper, silver and gold electrodes, to 
increase more rapidly than would be the case if Mrs. Ayrton's equation for 
the carbon arc held. Except for small currents, the velocity of rotation 
is found to be proportional to the current for all metals, lengths of arc 
and field strengths. The velocity seems to be determined by the material 
of the anode. In the case of copper it seems to be unaffected by the length 
of arc, but in the case of silver, for which the experiments were most 
accurate, an increase in length of arc results in a diminution of velocity. 
Assuming that the arc can be treated as a convection stream of positive 
and negative ions, Wilson and Martin deduced the relation v = HXA|A 2 , 
where v is the velocity of rotation, H the magnetic field strength, X the 
fall of potential in the arc, A] and A 2 the respective mobilities of the positive 
and the negative ions. Using this relation, and assuming that the positive 
ions are normally of the size of air molecules, and the negative ions are 
electrons, taking the arc temperature to be about 2000° C.. a value for the 
velocity of rotation is calculated which agrees with that observed for 
various electrodes with a current of 1-6 amps. Further support is given 
to this relation by the fact that, on the basis of the assumptions that lead 
to it, almost all the changes in rotation velocity that are observed in prac¬ 
tice can be explained. Such explanations are given in detail. An amplifi¬ 
cation of the rosearch is contemplated. G. A. S. 

1897. Heat Losses and Chemical Action in the High Voltage, High- 
Frequency Discharge Through Air. F. Daniels, P. Keene, and P. D. V. 
Manning. (Am. Electrochem. Soc., Trans. 44. pp. 245-255, 1923.)— 
A discharge was produced by a Tesla coil at about 100,000 volts in a 
largo chamber constructed from a terra-cotta sewer pipe. A central 
wire 91-5 cm. (36 in.) long and a wire screen 41 cm. (16 in.) in diameter 
formed the electrodes. Outside the netting was a large cylinder of 
paraffified paper, and the whole chamber was arranged to function as a 
calorimeter. Of the electrical energy supplied to the primary of the 
transformer. 40 to 50 per cent, appeared as heat in the discharge chamber 
and 1 to 2 per cent, as chemical energy. The air was analysed for ozone 
and nitric acid. There is no advantage in discharges of this type for 
fixing nitrogen. The “ cold " discharges waste just as much electrical 
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energy in the form of heat as do the arcs, the only difference being that 
the consumption of electrical energy is small and so the temperature rise 
is less. Authors. 


1898. Chemical Action and the Disappearance of Gas in the Electrical 

Discharge Tube. F. H. Newman. (Am. Electrochem. Soc., Trans. 44. 
pp. 77-84 ; Disc., 84-86, 1923.)—Nitrogen, at low pressures, is absorbed 
by most elements when an electTic discharge is passed, particularly if the 
element is deposited in a thin film on the kathode. The elements which 
show this effect most markedly are phosphorus, sulphur, iodine, sodium, 
potassium, and the alloy of sodium and potassium. The rate of absorption 
is greatest with phosphorus and in all cases is greatest when the temperature 
of the discharge tube is maintained below 0° C. With sulphur,, iodine 
and phosphorus no gas which has been absorbed is re-liberated on heating. 
By including a water voltameter in the secondary circuit, the amount of 
gas disappearing in the tube has been compared with the amount of hydro¬ 
gen liberated in the voltameter, and it is found that generally more gas 
disappeared than hydrogen was liberated, which is held to prove that the 
absorption of the ions does not account for the large volume of gas which 
disappears. Hydrogen at pressures below 1 mm. is absorbed by most 
elements, but it is not possible to eliminate all traces of this gas by the 
electric discharge. Absorption of the gases is found to be due to the pro¬ 
duction of chemical compounds. The formation in this manner of the 
nitrides of sodium, potassium, magnesium and tin. and the hydrides of 
sodium, potassium and sulphur, is shown by chemical analysis. The com¬ 
bination can be brought about by gas after removal from the discharge 
tube, and the gas is considered to be in active condition, probably consisting 
of triatomic molecules. Although this active condition is caused by the 
ions, the results indicate that the number of active atoms or molecules 
in the gas is of a much higher order than the number of ions present in 
the gas at the moment of recombination. A similar absorption of gases is 
obtained at temperatures of about —40° C. after ionising by a-rays from 
polonium. A device for the continuous absorption of gases is described 
in which an arc is formed with a p.d. of 40 volts between two pools of 
sodium-potassium alloy placed in a quartz tube. J- N. 

1899. Oscillations in Coupled Circuits. E. T. Jones. (Phil. Mag. 47. 
pp. 625-647, April. 1924.)—This paper deals with certain phenomena which 
occur when a high-tension transformer, an induction coil, or other coupled 
system in which the secondary circuit possesses considerable electrostatic 
capacity, is switched into a circuit in which oscillations of audible frequency 
are generated by a triode valve. The experimental arrangements and 
methods are described, a theoretical treatment is given, and typical 
oscillograms are reproduced. The original paper should be consulted. 


1900. The Stable Amplitudes of Excited Coupled Oscillations. W. 
Runge. (Archiv f. Elektrot. 13. pp. 34-48, March 31. 1924.)—A lengthy 
mathematical paper, not suitable for a brief abstract, on the hysteresis 
{Ziehen) effect in two retroactive oscillatory circuits. Previous theoretical 
results are considered, but these are limited by the impossibility of solution 
of the derived differential equations. The subject is then treated from a 
different point of mathematical attack in great detail and the results 
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summarised, but these results are again purely mathematical and define 
the conditions for stability and hysteresis, the range of hysteresis, the 
relation of amplitudes in both circuits, and the relation of amplitudes and 
frequencies. B J. L. 

1901. The Reflection and Refraction of Electrical Waves at a Stratified 

Medium. K. Fdrsterling. (Ann. d. Physik, 74. 2. pp. 171-175, May. 
1924.)—This entirely mathematical paper deals with the reflection and 
refraction of electromagnetic waves in a medium composed of a series of 
plan parallel layers of different materials, which are assumed to be isotropic 
and optically inactive. H. H. Ho. 

1902. Resonance Curves with Different Types of Damping. D. 

Roschansky. (Zeits. f. Hochfrequenztechnik, 23. pp. 23-31. Feb., 1924 ) 
—A mathematical paper in which it is shown that by use of a practical 
method of approximation it is easy to follow numerically the resonance 
effects in a circuit, even for the case of so-called anomalous damping. 
The case of linear damping is specially discussed. The resonance equation 
deduced is adapted for calculating the true decrement, for which experi¬ 
mental methods also are given. The influence of the secondary damping 
pn the anomalous resonance curves are discussed, and numerical illustra¬ 
tions are given. Different types of damping, which may occur with the 
spark discharge, are considered, and a new quantity, the mean damping 
factor, is introduced. This damping factor is obtained from the resonance 
curve, and can be employed for calculating the potential amplitude of 
the spark discharge. A. W. 

1903. Short-Wave Oscillations. G. Breit. (Frank. Inst., J. 197. 

pp. 355-358. March, 1924.)—While trying to reproduce the oscillations 
described by Barkhausen and Kurz [Abstract 908 (1920)) with a triode 
tube of an experimental type a singular oscillation of an apparently new 
type has been observed. The arrangement of circuits is that used by 
Barkhausen and Kurz. The plate is disconnected, and the grid is connected 
to the positive pole of a 240-volt battery through a protective resistance 
of 500 to 2000 ohms. High-frequency oscillations of wave-length about 
50 or 00 cm. are obtained if the filament current has the right value. Above 
or below this critical value of the filament current the oscillations stop. 
The range of variation of the filament current for which the oscillation 
occurs is not very regular, but is generally of the order of 0 05 amp. No 
explanation of the effects can as yet be given. Experiments with one 
tube containing a slight amount of gas show that the presence of gas to 
a slight degree is beneficial. A. W. 

1904. Short Electromagnetic Waves of Wave-length up to 82 Microns. 
A. Glagolewa-Arkadiewa. (Nature. 113. p. 640, May 3. 1924.)— 
Up to the present short electromagnetic waves have been generated only 
by the method of the Hertz vibrator. This method offers very serious 
difficulties for the production of electromagnetic waves of the smallest 
possible length, as the vibrator burns out very soon, so that the amount 
of the energy and the length of the waves produced do not remain constant. 
Acting on a suggestion made by W. Arkadiew ten years ago, the present 
author has constructed a new type of wave generator substituting for the 
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single Hertz vibrator a number of small vibrators and changing these fre¬ 
quently to avoid their burning out. Brief details with diagram are 
included. To detect the waves, thermo-elements of seven different 
types were used, and the measurement of the wave-lengths was carriedi 
out by the method of Boltzmann mirrors. The waves radiated by this 
new paste radiator lie between the short electromagnetic waves of Nichols 
and Tear on the one hand, and the Rubens heat waves on the other, and 
so fill the interval that has hitherto existed in the scale of the electro¬ 
magnetic waves. These waves possess considerable energy, as shown by. 
the possibility of using measuring instruments of ordinary sensibility,, 
and are the results of independent electric oscillations in very small 
vibrators, not overtones of a vibrator or resonator, as has usually been the 
case in previous experiments. A transition is thus to hand from the 
radiation of an individual Hertz vibrator to the total radiation of an aggre¬ 
gation of molecules in a heated body. H. H. Ho. 


1905. Experiments on Short-Wave Lengths. R. Mesny. (Onde £lec. 
3. pp. 25-37, Jan., and pp. 99-110, Feb., 1924.)—An article in two instal¬ 
ments. the first of which deals with waves of the order of 1 metre in 
length, the second with waves of 40-50 metres in length. The very short 
waves are generated by a symmetrical arrangement of triodes [see Abstracts 
374 and 717 (1924)). The second instalment describes an attempt to 
investigate the theory of the Heaviside layer, making use of 45-metre 
waves for the purpose. The method was to compare, at different dis¬ 
tances, the received signal strength of two stations transmitting with the 
same antenna current and the same wave-length ; one of the aerials 
oscillating in a quarter wave-length in the usual manner, the other oscillat¬ 
ing in a whole wave-length, and thus radiating its maximum energy in a 
direction at 35° to the horizontal. According to theory of a reflecting 
layer, the intensity due to the first station should decrease regularly with 
the distance, while that due to the second should be small at short dis¬ 
tances, rise to a maximum, then diminish, and so on. The use of a 46-me: r 
vertical antenna for the station oscillating in the whole wave-length 
necessitated a large steel mast, guys, etc. This was very unsatisfactory, 
making it almost impossible to maintain steady conditions. For tn 
purposes of reception an attempt was made to interest amateurs, and i 
was hoped with their co-operation to obtain a sufficient number of observa¬ 
tions to make an adequate test. Owing to difficulties with the transmission 
and the small number of reliable reports received the results were n 
conclusive. These experiments are to be repeated very shortly und 
improved conditions on a wave-length of 9 metres. A bibliography o 

the subject is given at the end of the article. F - 


1906. Wave Filters. F. Conrad. (Teleg. u. Feruspr. Techn. 13. 
pp. 9-13, Feb., and pp. 17-19. March. 1924.)—A theoretical discussion 
following Wagner’s treatment, and dealing particularly with the damping 
in various cases. Numerous diagrams are given. It is shown that the 
simple parallel arrangement of coils and condensers does not give the bes 
results. Many interesting points regarding filter networks are brough 
out, but these cannot be enumerated without reference to the diagrams 
that are given. A - ' 
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ELECTRICAL PROPERTIES AND INSTRUMENTS. 

1907. The Resistivity and Temperature Coefficient of Iron Wire; the 
Effect of Impurities upon Them. S. Kimura and N. Namikawa. 
(Electrot. Laborat. T6kyo, Researches. No. 132. pp. 1-15, July. 1023. 
In English.)—The author has determined the chemical composition, 
electrical resistivity, and temperature coefficient of resistance, ami tlie- 
specific gravity of 35 specimens of telephone-telegraph wire. The samples 
were not subjected to any previous normalising heat treatment. Assuming 
that the resistivity. R. of a specimen of wire may be expressed in terms 
of the resistivity, K, of its iron content, and its percentage composition 
x, y, z, etc., of various impurities, by the relation R = K + «X -j fi\' 
+y Z + ..X, Y, Z. etc., denoting the increase of resistivity per 1 per cent, 
of the respective impurities, the following values of these constants referring 
to iron and the respective impurities were determined : Iron. K = 9-66 
microhms per cm. cube; and for silicon, 20-26; phosphorus. 10-69; 
manganese. 6-27 ; sulphur. 1-80; nickel. 1-46; copper. — 018; carbon. 
— 1-74 microhms per cm. cube. Values of the temperature coefficients 
of the respective wires at 20° C. range from 0 • 00391 to 0 • 00501 for de-zinced 
wires, and from 0-00383 to 0-00511 for the zinced wires. Values of the 
specific gravities of the wires at 20° C. ranged from 7 -702 for de-zinced 
wire to 7 -932 for de-zinced wire, and from 7-782 to 7-916 for zinced wire. 

J. S. G. T. 

1908. Electrical Conductivities and Transition Points of Glasses. H. 
Schoenborn. (Zeits. f. Physik, 22. 5. pp. 305-316, 1924.)—Experiments 
arc described measuring the electric conductivities of different glasses at 
temperatures varying from 25° C. to about 600® C. For the glasses used 
the law of Hinrichsen and Rasch (viz., log R - A/T -f C) is verified to 
well above the softening points. R is the electrical resistance, T the 
absolute temperature, and A and C are constants for a particular glass. 
At certain temperatures characteristic of the particular glass the values 
of A and C change suddenly. This points to molecular change in the 
glass. The electrical transition points coincide with the upper, and 
sometimes with the lower as well as the upper, limit of the '* critical 
region," i.e. the region beginning with sudden increase of the rate of thermal 
expansion and terminated by the softening of the glass. These limits 
are found by means of an apparatus registering the thermal expansion 
photographically. 

On lowering the temperature after having gone beyond the transition 
point some glasses show a relation between conductivity and temperature 
other than that which held for rising temperature. This is taken to be 
due to the formation of intermediate products in the process of cooling. 

G. A. S. 

1909. Electrical Resistance and Thermoelectric Power of the Alkali 
Metals (-183® C. to 250 °C.). C. C. Bldwell. (Phys. Rev. 23. pp. 357- 
376, March, 1924.)—Pure samples of the metals were fused into glass or 
quartz tubes, and measurements were made by means of thermojunctions 
sealed into each end. Enough points were secured in each case to deter¬ 
mine the slopes and the breaks in the curves. In both the resistance and 
thermoelectric power lines changes of slope are observed beginning 
gradually 100 degrees or more below the melting-point. These are taken 
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to indicate transformations in each case from an a to a form. These 
transformations occur at approximately the temperatures, 60° C. for Li, 

— 20° C. to -f 20° C. for Na, — 120° C. for K, — 35° C. for Rb, and 

— 80° C. for Cs. In all cases a sharp rise in thermoelectric power and 
resistance occurs as the melting-point is approached. The temperature 
coefficients of resistance decrease smoothly with increasing atomic weight 
for all forms. 

The atomic heat of electricity as computed from thermoelectric data 
is approximately 0-24 cal. for Na and K. and 0-58 cal. for Rb and Cs. 
The values are too small to account for the observed excess of the atomic 
heats for these metals above the equipartition value. Author. 


1910. Dependence of the Thermoelectric Force of Iron on its Structure. 
W. Heraeus. (Ann. d. Physik, 73. 7-8. pp. 554-576, March, 1924.)— 
It is shown that the experimental methods employed by Borelius and 
Gunneson ,see Abstract 1904 (1922)) in their research on the thermo¬ 
curve of non-glowing pure iron as compared with glowing pure iron must 
lead to false results. A new method for determining the thermo-force 
of glowing pure iron as compared with non-glowing pure iron is given, and 
by the use of this method the following results are obtained. The thermo- 
curve is investigated for the temperatures 60° to 900°. The curve is not 
reproducible at lower temperatures. The shorter the duration of the 
glowing, the sharper arc the breaks in the thermo-curve between 60 and 
900°. The wires employed are examined microscopically, and it is found 
that recrystallisation begins at approximately 500° and progresses up to 
ni\no A. E. G. 


1911. Preparation of Platinum and Platinum-Rhodium Alloy for 
Thermocouples. R. P. Neville. (Am. Electrochem. Soc., Trans - 
pp. 371-382 ; Disc.. 382-384. 1923.)—In the course of a number of experi¬ 
ments it is found that, by fusing a specially prepared sponge of the meta 
under treatment in crucibles of pure thoria or lime by means of an Ajax- 
Northrupp high-frequency induction furnace, Pt and Pt-Rh al J°y 
obtained yielding thermocouples which only drop off on 25 hours heating 
at about 1600° C., the equivalent of about 1°C. In the discussion t 
technical details given in the paper are compared by various worJters 
with their own experiences. Ai 


1912. Experimental Studies on the Mature of the Internal Electric 
Charge of the Electret. M. Eguchi. (Phys. Math. Soc. Japan, Proc. o. 
pp 107-113, Sept.. 1923. In English.)—The author describes expenmems 
with small condensers, to decide whether the dielectric is polarised 
Maxwell’s sense, or the phenomena are due to ions held fixed within 
material; a mixture of equal parts of carnauba wax and resin was us 
for the dielectric, and the voltage was switched on while the dielectric; w 
still in the liquid state. With a simple disc electret well-balanced 
were observed on the two surfaces, the applied pole of one of which 
earthed On the day following the preparation, temporary suna 
charges were observed, - 4-2 and + 2-8; after a few days the sign |>f 
these charges was reversed, and after about a month there were near y 
settled free charges of the electrification, with well-balanced , 

+ 5-0 and - 4-9, + 4-9 and - 5-1, + 4-4 and - 4-9 being observ g 
at different dates during more than five months. Similar results 
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obtained when the dielectric was divided into two layers by a metal 
plate, between and parallel to the two electrodes ; and also with a paper 
separator. Division into slabs by sawing gave irregular results at first; 
but after some months permanent polarisation was observed. The author 
concludes that the electrification of the electret is of the nature of polarisa¬ 
tion. in Maxwell’s sense of the term. u v a 


1913. Light Sensitivity of Cuprous Oxide and of Selenium. V. P. 
Barton. (Phys. Rev. 23. pp. 337-344. March. 1924.)—Light from a 
tungsten lamp or iron arc was dispersed by a quartz spectrometer. 
Measurements with a thermocouple enabled all results to be reduced to 
unit light intensity. The observations agree well with previous results 
obtained with various samples. (1) Decrease of resistance was measured 
for the range 3900 A. to 6000 A. for Cu 2 0 (maximum at 4600 A.), and for 
4300 A. to 9300 A. for Se (maximum at 7000 A.). (2) Photoelectrolytic 
potential was found to exist for both back (contact with air) and front 
(contact with distilled water) illumination, and was measured in the case 
of front illumination for the range 2700 A. to 5500 A. for Cu 2 0 (maximum 
at 3500 A., upper limit about 5600 A.), and for 2700 A. to 9000 A. for Se 
(maximum at 5700 A., upper limit about 9500 A.). The effect was positive 
and proportional to the intensity I for Cu 2 0 and to I« for Se. (3) Photo¬ 
electric wave-length limit was found by the use of absorption screens to 
be at about 2570 A. for Cu 2 0 and at 2260 A. for Se. For both Cu 2 0 and Sc 
all samples showed the same photo-electric limits, and those which showed 
a change of resistance also showed the photoelectrolytic effect, but not 
vice versa • Author. 


1914. rhe Dielectric Constants of Hydrogen, Oxygen, Nitrogen, Air 
and C0 2 by a High-Frequency Method. E. C. Fritts. (Phys. Rev. 23. 
pp. 345-366, March, 1924.)—Special cylindrical gas-condensers were con¬ 
structed so as to have a minimum of solid dielectric in the field, and the 
small capacities were measured by the method of heterodyne beats, 
originally used by Hyslop and Carman. A photographic record of the 
beats on a moving film was secured, one side of the wedge slit being fastened 
to a tuning-fork and the other to the diaphragm of a telephone actuated 
by the beats. The results reduced to 1 atm. at 0° C.. accurate to about 
1 per cent, of the difference from vacuum, are: hydrogen 1 -000263, 
oxygen 1-000507, nitrogen 1-000555, air 1-000540. and C0 2 1 000948. 
I he values for N 2 were found to be independent of the frequency between 
1230 and 600 metres, and to be proportional to the pressure from 44 to 
09 cm. The values for air. N 2 and 0 2 . differ by 8 per cent, from those of 
Boltzmann and of Rohmann. Author. 


1915. Amplification of the Currents of Photoelectric Cells. G. Ferri6, 
5n lao!*! TK ndR ' Me ,f y ' (ComptesRendus. 178. pp. 1117-1120, March 
?!' ThC s P eci f H y selected triode lamp previously used [Abstract 

»s replaced by a two-grid lamp of everyday manufacture, and 
an arrangement is described by which the plate voltage can be adjusted in 
such * wa y “ to P v « a much greater amplification than that obtainable 
r!l v tn< •^. lam P* An application to stellar photometry is given. 
It is further indicated how still higher sensitivity is obtainable by using 
in senes with the photoelectric cell a condenser whose discharge after a 
ten-seconds illumination of the cell produces a sudden variation of the 
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plate current twelve times as great as the steady change produced in the 
absence of the condenser. The study of this last method is being continued. 

G. A. S. 


1916. New Type of A.C. Potentiometer. W. Geyger. (Archiv f. 
Elektrot. 13. pp. 80-82. March 31. 1924.)—Referring to D. C. Gall's 
instrument [see Abstract 1663 (1923)], the author describes a form of 
A.C. potentiometer which he has for some time past used with satisfactory 
results. The general arrangement is shown in Fig. 1, where Mj, M 2 are 
two potentiometer wires carrying equal currents of the same frequency 
and in quadrature phase relation. The middle points Aj and A 2 of the 
wires are connected together. K, and Ko are the sliding contacts provided 
with index threads whose intersection may be read off on the polar diagram 
attached to the base-board, the magnitude as well as phase of the 


Fig. I. 




unknown e.ra.f. being thereby read directly. Although a number of 
methods are available for obtaining the necessary quadrature phase relation 
between the currents, the arrangement preferred by the author is that 
shown in Fig. 2, which is self-explanatory. 


1917. A New Photoelectric Cell. J. Tykocinski-Tykocyner and J- 
Kunz. (Science, 59. pp. 320-321. April 4. 1924.)—Two bulbs are joined 
by a transparent glass tube and each is provided with a hemisphcrica 
deposit of potassium and with a platinum electrode. The usual photo¬ 
electric effect exhibited by such a cell when the electrode connected to the 
negative pole of a battery is illuminated is considerably increased if the tu e 
connecting the bulbs is also illuminated. Thus when the battery voltage 
is 20 volts the photoelectric current increases about twenty-five time 
when the tube is illuminated, whilst at 120 volts the increase is 50 /o> 
and at 200 volts is 4 % only. The increase of current is linearly rel * 
to the value of the illuminated area of the tube, and the effect is selecti • 
depending both on the wave-length and intensity of the radiation » 
minating the tube. A similar effect is produced if thermions are employ 
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in place of photo-electrons projected from the kathode. In either case 
the inner surface of the tube acts like a transparent grid controlling the 
flow of electrons from a radiating source. J. S. G. T. 

1918. Measurement of Low Resistance My Means of the Wheatstone 

Bridge. F. Wenner and Alva Smith. (Bureau of Standards. Sci. 
Papers, No. 481. pp. 297-305, 1924.)—Resistances which are small can be 
definite only if they have distinct current and potential terminals. In 
the arrangement described, the current terminals serve for connecting 
the resistance into the bridge circuit, while the potential terminals serve 
as branch points. This puts the connecting resistances into arms adjacent 
to the arm containing the unknown resistance, their effect therefore being 
made smaller than with the usual arrangement in the ratio of the unknown 
resistance to the resistance of the adjacent arms. In cases where the 
errors still caused by the connecting resistances need be considered, two 
supplementary measurements with the same apparatus may be made 
practically to eliminate them. With a recently calibrated bridge a resis¬ 
tance of the order of 0-001 ohm is measured to an accuracy of 0-6% 
directly, and 0-03 % after applying the correction obtained by the supple¬ 
mentary measurement. A. B. C. L. 

1919. Rotary Interrupters and the J.L.P. Interrupter. J. Leveque- 

Petit. (Assoc. Ing. El. Lidge, Bull. 2. Ser. 7. pp. 98-104, March. 1924.) 
—The desirable characteristics of a rotary interrupter are: (1) The inter¬ 
ruption of the current should be abrupt, (2) the area of surfaces in contact 
when the circuit is closed should not be less than 5 sq. mm. per amp., 
and (3) an arc must not be struck after rupture of the contact. Deficiencies 
in respect of these requirements have been found in a large number of 
rotary interrupters, and a description is given of an interrupter designed 
by the author to satisfy these requirements. * J. S. G. T. 

1920. The Work of the Laboratoire Central d'Electricity since its Founda¬ 
tion. P. Janet. (Soc. Fran$. Elect.. Bull. 4. pp. 93-126, Jan., 1924.) 

1921. An Electrometer with Triode Valve and its Application to the 
Measurement of the Electrical Gradient of the Atmosphere. P. Lejay. 
(Comptcs Rendus, 178. pp. 1480-1482. April 28. 1024.)—The current in the 
triode valve is within wide limits a linear function of the potential differ¬ 
ence between the grid and the filament. Variations of potential due to a 
source placed in the grid circuit will therefore be easily deduced from the 
records of a milliammeter connected in the plate circuit, when the heating 
of the filament and the plate potential arc maintained constant and 
the grid current is not modified by the difference of potential to be 
measured. The author has now employed such a valve on the lines recently 
published by Ferri6, Jouaust, and Mesny [Abstract 1915 (1924)]. The 
source charges a condenser whose positive is connected permanently to 
the filament. When equilibrium is established the negative is abruptly 
connected to the grid. The consequent discharge then produces a current 
diminution easy to measure which is a function of the quantity of electricity 
stored by the condenser and therefore of the potential difference established 
by the source before the discharge. The milliammeter functions ballistic- 
ally and affords a discontinuous record. Its deflections have been experi- 

vol. xxvii.— a.—1924. 2Y 



674 


SCIENCE ABSTRACTS. 


mentally shown to be proportional to the potentials measured. The 
apparatus was standardised by replacing the source with batteries giving 
known potential differences. The method was then applied to the measure¬ 
ment of the electrical gradient of the atmosphere, the apparatus being 
capable of easy transport. H. H. Ho. 

1922. Some Uses of the Thread Recorder in the Measurement of Physical 
Properties. *J. L. Haughton and W. T. Griffiths. (Journ. Sci. Instru¬ 
ments, 1. pp. 225-233, May, 1924.)—Applications of the thread recorder 
manufactured by the Cambridge and Paul Instrument Co. to (1) recording 
the elongation of a wire heated to various temperatures in an electric 
furnace, (2) recording the value of the electrical resistance of a conductor 
through a range of temperature, and (3) converting two records obtained, 
c.g. time-temperature and time-property records, into a temperature- 
property record. In the case of (3). the thread-recorder drum containing 
the two records is driven slowly below two pointers which can be moved 
by lead-screws in a direction parallel to the axis of the drum. The pointers 
both indicate the same time on the record. By rotating the lead-screws 
by hand whilst the drum is rotated by a motor, the pointers are caused 
to follow the respective curves. One of the lead-screws drives a table the 
displacement of which is therefore proportional to the ordinates of one 
curve. The other lead-screw, through a pair of 45° bevel wheels, drives a 
pencil at right angles to the displacement of the table and through a 
distance proportional to the respective ordinates of the other curve. 

J. S. G. T. 


1923. A Direct Method to Determine the Sense of Rotation of Braun 
Tube Diagrams. K. Seiyama. (Inst. El. Eng. of 'Japan, J. No. 426. 
pp. 950-967, Dec., 1923.)—A stroboscopic method was adopted for this 
purpose, a thin metallic disc having small holes on a concentric circle 
being maintained in rotation. By looking at the fluorescent screen through 
the holes of the revolving disc, the fluorescent spot is seen to move in the 
same sense as. or opposite to, the direction of rotation of the diagram, 
according to the frequency of the diagram, the speed of the disc, and the 
number of holes. If the number of holes be made equal to- the number 
of pairs of poles of the induction motor, the spot always seems to rotate 
in the same direction as the diagram. W. R. C. 


1924. Method for Determining Total Intensity of the Earth's Field from a 
Moving Support. H. R. Grummann. (Terrest. Magn. 29. pp. 41-46, 
March, 1924.)—An apparatus is suggested which might be used on board 
ship without requiring to be stabilised, as the effect of the motion on its 
indications is eliminated automatically. It consists of three earth in¬ 
ductors with axes at right angles, each rotating at constant angular velocity. 
These velocities are kept in a constant ratio, e.g. 3:6:7, by means of 
suitable gears, and the frequency of rotation must be high compared with 
the frequency of roll of the vessel. The three alternating e.m.f.s are led 
to the grid of a valve which operates as a rectifier; it is shown that the 
average value of the change of the plate current, from its value when the 
coils are at rest, is proportional to the square of the total force, and is 
measured by a d.c. galvanometer. G. E. A. 
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ALTERNATING CURRENTS AND MAGNETISM. 

1925. Peak Voltage Measurement by Means of a Neon Glow-Lamp. 
L. E. Ryall. (World Power, 1. pp. 288-291, May, 1924.)— It is well 
known that the neon glow-lamp requires a certain *' striking voltage ” 
before any current passes and a glow appears. This fact can be easily 
utilised in the measurement of peak voltages. In one method a potentio¬ 
meter resistance is joined across the a.c. supply in parallel with a voltmeter. 
A second voltmeter in parallel with the neon lamp is connected across 
the sliding contacts of the potentiometer, the position of these being ad j usted 
until the lamp " strikes.” If V 1# V 2 be the readings of the two voltmeters, 

the striking voltage of the lamp, the peak voltage of the a.c. supply 
is V^V 1 /V 2 . For high frequencies or for high voltages a condenser potential 
divider, consisting of a fixed and a variable condenser in scries, is pre¬ 
ferred ; the lamp is put across the variable condenser which is adjusted 
until the glow appears. The condenser can be calibrated to read the 
peak voltage directly. Tests were made using the " Beehive " pattern 
Osglim lamps, these giving the smallest variation of striking voltage when 
tested under the same conditions. The apparatus was compared with a 
calibrated kathode-ray tube, and it was found that the striking voltage 
was constant over a wide range of frequency within 1 % of the mean 
value. The results agree with those found by Palm for tubes with cup 
and disc electrodes filled with neon at 5-12 mm. of mercury pressure. 
It was further found by tests with a telephone in scries with the lamp 
that the appearance of the glow is a sufficiently precise method of deter¬ 
mining when the current starts to flow in the lamp. The paper concludes 
with details of a neon-lamp voltmeter of the calibrated variable condenser 
type described above, suitable for a range of 3000-30,000 volts at normal 
frequencies. The necessary modifications for use at radio-frequencies 
are indicated. B. H. 

1926. Determination of the Wave-Form of Alternating Currents by Means 
of the Braun Tube. L. Casper, K. Hubmann, and J. Zenneck. (Zcits. 
f. Hochfrcqucnztcchnik, 23. pp. 32-34, Feb., 1924.)—The method here 
dealt with is that in which two deflection coils (placed horizontally on 
either side of the tube) are connected in series with an iron-free inductance 
(L) in the alternating current circuit, the two ends of the inductance 
being connected to the two deflection plates of the Braun tube, arranged 
vertically one above the other. A curve is thus obtained on the screen 
of the tube whose vertical ordinates are proportional to the alternating 
current (I), and whose abscissa: are more and more nearly proportional 
to dl/dt the smaller the ohmic resistance of the coil L with respect to its 
inductance. Numerous curves are given showing the effect of the presence 
of harmonics, particularly the second and third, of different amplitudes. 
[See Abstract 803 b (1916).) A. W. 

1927. The Skin Effect in Tubes. K. Forsterling. (Ann. d. 
Physik, 74. 2. pp. 176-186, May. 1924.)—This paper applies the author s 
optical methods for high-frequency problems to the skin effect for a 
metallic tube whose interior is filled with a dielectric, and is a continuation 
of previous work on the behaviour of an iron wire coated with copper. 
The treatment is entirely mathematical. H. H. Ho. 
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1928. The Skin Effect in Tubes. M. Wien. (Ann. d. Physik, 74. 2. pp. 
186-188, May, 1924.)—A comparison is here given between Forsterling’s 
results [see preceding Abstract] for the skin effect in tubes in the limiting 
case of slow oscillations, and those obtained by means of the older mathe¬ 
matical methods [see Abstract 2272 (1904)]. Exact agreement is found, 
and the author trusts that the methods will find further application. 

H. H. Ho. 


1929. Registration of Electromagnetic Oscillations of High Frequency. 
A. Dufour. (Comptes Rendus. 178. pp. 1478-1480, April 28, 1924.)— 
The author has previously described [see Abstract 964 (1923)] a kathode- 
ray oscillograph for the study of low, medium, and high frequencies. In 
the present paper the results are indicated which this oscillograph is able' 
to give from the point of view of registering graphically oscillations still 
more rapid, which may be properly called Hertzian oscillations, since 
their frequencies range from 100 millions to 1 milliard per second. 

A. E. G. 


1930. The Control Field in Magnetic Hysteresis. R. C. Gray. (Roy. 
Soc. Edinburgh. Proc. 44. 1. pp. 84-87, 1923-1924.)—According to Ewing 
the atom of a magnetic substance consists of two parts, (1) the Weber 
element, of constant moment, and capable of turning in an applied field, 
(2) a group of fixed magnets (electrons moving in orbits) which have 
like poles directed to the centre of the atom [Abstract 1722 (1922)]. The 
directions of the fields due to the fixed groups are positions of stability 
for the Weber clement. In the demagnetised state each Weber element 
occupies a position of stability. For a small applied field the Weber 
clement rotates reversibly, and the angle turned through depends on the 
control field due to the fixed magnets. The author shows theoretically 
that the initial susceptibility is equal to the saturation intensity divided 
by twice the control field. From magnetisation curves the control field 
for soft iron is calculated as 20. and for modern magnet steel 600. Ihc 
saturation coercive force varies with the control field, but is probably 
independent of the moment of the Weber element. It is about one-fourth 
of the magnitude of the control field. The maximum angle of reversible 
deflection for a specimen of hardened cast iron is calculated as 4°-8. 
This is double that from the relation 1=1, sin 0, where I is the intcn ^ f 
of magnetisation at the field at which residual magnetism appears. The 
theory conforms with the fact that the initial susceptibility is greater 
after heat treatment of the specimen than after subsequent demagnetisa¬ 
tion by reversals. \ 


1931. Magnetic Isothermals of Nickel. P. Weiss and R. Forr ®*/ 
(Comptes Rendus. 178. pp. 1046-1049, March 24, 1924.)—A large number 
of curves is given, in which the specific magnetisation or moment per 
unit mass is plotted with the field for each of a number of temperatures 
from 20° to 405° C. The Curie point (357°) does not appear in the curves . 
it was determined by means of the magneto-caloric effect. Spontaneous 
magnetisation disappears at 360°, and at 405° the specific magnetisation 
is proportional to the field intensity. The magnetisation is specified as 
either apparent or true, the latter being defined by the condition that i 
is at all points parallel to the field. In the curves given, these two kinds 
are drawn ; the isotherms of true magnetisation are derived from those 
for apparent magnetisation by a method to be described. G. E. A. 
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1932. Influence of Carbon and Carbides on the Magnetic Properties of 
Steel. A. W. Smith, E. D. Campbell and W. L. Fink. (Phys. Rev. 
23. pp. 377-385, March, 1924.)—The effect of changes in carbide concentra¬ 
tion on the magnetic properties of heat-treated carbon steels, studied by 
Campbell and Johnson by means of a gravity magnetic balance [Abstract 
378 (1923)], was further investigated, using a magnetic potentiometer in 
conjunction with a bar and yoke apparatus. The steels consisted of two 
series of short bars with carbon varying from 0-01 to 1*17 per cent., one 
of Armco iron, and the other of chrome magnet steels of given composition. 
The carbon content was obtained and controlled by maintaining the 
bars at 950° C. in hydrogen along with steel of different carbide content 
until equilibrium was attained. In the bar and yoke apparatus, the 
winding of the magnetising coil was designed to produce the same total 
flux in bar and yoke. The magnetic potentiometer consisted of a solenoid 
of several thousand turns with soft-iron end plates to make contact with 
two points of the test bar. Adjustment was made by setting the current 
round the bar and then varying the current round the yoke until, after 
many reversals of both currents, there is no change of flux through the 
coil of the potentiometer. The galvanometer connections were then 
shifted to a test coil round the bar to measure the flux through the bar. 
Magnetisation curves are given for the different bars. It is found that 
the minimum reluctivity R is a linear function of the carbon content up 
to 0-8 per cent. C. for hardened steels. For annealed carbon steels R 
increases somewhat faster than the per cent. C; for annealed chrome 
steels R shows a maximum at about 0-5 percent., and a minimum at about 
0-8 per cent. C. The field intensity for saturation varies in the same 
way as the reluctivity. G* E. A. 

1933. Characteristics of Iron in High-frequency Rotating Magnetic 
Fields. L. Tonks. (Phys. Rev. 23. pp. 221-238. Feb., 1924.)—An 
investigation of the behaviour of discs of electrolytic iron in fields of 
0-7 to 5 gauss rotating 62.000 to 172,000 times per second. Treating 
the disc as a very oblate spheroid, the problem is investigated mathe¬ 
matically. and equations are derived from which H and I can be computed 
from measurements of the impressed field, the fluxes through a coil with 
and without the disc in it. and the torque exerted on the disc by the 
rotating field. The field was produced by two double Helmholtz coils 
with axes at right angles, each in series with a separate oscillating circuit 
coupled to a main oscillating circuit actuated by three valves in parallel. 
The disc was 0-001 cm. thick, and was suspended horizontally at the 
middle of the Helmholtz coils. The results agree with previous work 
[Sec Abstracts Nos. 731 (1910).- 1732 (1913) and 1132 (1915)1. and show 
that the susceptibility decreases as the frequency increases ; the hysteresis 
angle tends to increase with frequency ; the hysteresis loss per cycle. 
E*. increases with frequency for constant magnetic intensity and 
decreases *or constant field. As the frequency varied from 52 to 172 
kilocycles, the exponent a in E* = AH° increased from 2-9 to 3-37. 

G. E. A. 

kna Ol —(If |J|.| 

■'1934. Thermomagnelic Phenomenon and the Specific Heat of Nickel. 
P. Weiss and R. Forrer. * (Comptes Rendus. 178. pp. 1347-1351. April 14. 
1924.)—The thermomagnetic phenomenon dealt with in this note is the 
■reversible thermal effect which accompanies magnetisation. By analogy 
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with the Clapeyron equation this effect may be written C H . AT = — . AH. 

C H is the specific heat at constant field. AT the change of temperature 
for change of field, AH and a the specific magnetisation. Series of 
curves are given in the paper showing values of AT for different values 
of H and at various temperatures in the case of Ni. 

From 20° to 277°-5 the elevation of temperature is proportional to 
the field. This indicates that the external field is small compared with 
the internal field. From 277°-5 to 357° (Curie point) the curves are 
concave to the axis of field-strengths. Do/DT thus diminishes with increase 
of H. The curves do not pass through the origin. The phenomenon is 
determined wholly by the internal field. For all fields the temperature 
change is most marked in the neighbourhood of the Curie point. For 
a field of 17-775 e.g.s. units it is l°-25 at this temperature, but only 
0°-03 at ordinary temperature in the same field. 

The value of C» is calculated by means of the equation (Clapeyron). 
using the observed thcrmomagnetic data. Its variation with temperature 
is similar to that obtained by calorimetric measurements. It increases 
continuously up to the Curie point, then diminishes abruptly, and finally 
approaches a constant value. L. L. 

1935. Thermomagnctic Phenomenon. Real and Apparent Magnetisation. 

P. Weiss and R. Forrer. (Comptes Rendus. 178. pp. 1448-1452, 
April 28. 1924.)—The change of temperature observed in the thermomag- 
netic phenomena described in a previous paper [see preceding Abstract] 
can be written according to the molecular theory AT «= A (a 2 — 00). where 
A is a constant. Below the Curie point a substance possesses, in the absence 
of external field, magnetisation oo- At first, the external field is directive, 
and there is an observable apparent magnetisation, but no temperature 
effect. Later there is a true increase accompanied by the thermal pheno¬ 
menon. Above the Curie point <ro is zero and AT = A a 2 . The change is 
not abrupt, there is a transition stage between the two types in the 
neighbourhood of the Curie point. Curves are given in the paper co-ordi¬ 
nating'AT and a 2 for various temperatures above and below the Curie 
point. These experimental data conform with^the theory. L. L. 

1936. Magnetic Susceptibility of Oxygen, Hydrogen and Helium. A. P. 

Wills and L. G. Hector. (Phys. Rev. 23. pp. 209-220, Feb., 1924.) 
—The manometric method was used, and a manometric balance is described 
in which the effect of the field on the gas is opposed to its effect on a 
s tandard solution of nickel chloride. Exact balance is attained by varying 
the pressure of the gas or the common temperature. The theory of the 
method is given and working formulas are derived for paramagnetic and 
diamagnetic gases. The volume susceptibility k 0 is found for a pressure 
of one atmosphere at 20° C. For oxygen, A 0 is 0-1447 x 10“ fl , and it 
is verified that the susceptibility varies inversely as the square of the 
absolute temperature, in accordance with Langevin’s theory for a para¬ 
magnetic gas. For hydrogen, k 0 is — 1-64 x 10“ 10 , and for helium 
— 0-807 X 10“ 10 . Tanzler's value for helium, viz., — 17-6 X 10 - |° 
[see Abstract 478 (1908)] is considered too high, a conclusion which is 
supported by applying W. Pauli’s theory for a diamagnetic monatomic 
gas [see Abstract 728 (1921)]. G. E. A. 
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1937. Annual Report of the Director of the Department of Terrestrial 
Magnetism. (Carnegie Inst, of Washington. Year Hook No. 22. pp. 229- 
266, 1923.) 

1938. Characterisation of Terrestrial Magnetism and Variability of 
Natural Phenomena. S. Ono. (Terrest. Magn. 29. pp. 33-40. March. 
1924.)—A method is developed for characterising terrestrial magnetism, 
the theories proved being applicable to determine the variation of any 
natural phenomenon. The method is based on the building up of a curve 
from that formed by joining its consecutive maxima and minima by 
straight lines. The quantity by/bx is called the variability of y with 
respect to x. and to some extent corresponds to Bidlingmaier’s *' activity ” 
[see Abstract 1239 (l&ll)]. V is defined as the resultant variability; 
it is the statistical mean of l[{byjbx)dx -r /. and is expressible in various 
ways, the simplest of which is V = 2f{, where £ 0 » the mcan change in y 
between a maximum and a minimum. Numerical examples arc taken 
from magnetograms recorded at de Bilt observatory between 21st and 
25th March. 1913, and the calculated resultant variability, expressed in 
(y/ hour) 2 units, is found to agree well with the true value. G. E. A. 

1939. A Portable Magnetometer. J. H. Shaxby. (Journ. Sci. Instru¬ 
ments. 1. pp. 234r-237. May. 1924.)—A portable magnetometer of the 
commutated inductor type, arranged to measure the vertical intensity 
and the dip of the earth s magnetic field, is described. The inductor 
consists of a simple hand-driven coil, the axis of rotation of which is set 
in the magnetic meridian, and the vertical intensity of the earth’s field 
is determined by neutralising the effect of this component by that due 
to a horizontal coil supplied with an adjustable current from a small 
secondary cell. The dip is then determined by tilting the instrument 
through an angle 0 about an axis transverse to the axis of rotation of 
the coil, such that the galvanometer remains undcflectcd for the same 
value of the current in the horizontal coil as previously. The dip is then 
equal to 90° — 0/2. J. S. G. T. 
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1940. Studies in Adsorption. Part VI. Adsorption And the Schulze- 
Hardy Law. N.R.Dhar, K. C. Sen and S. Ghosh. (J. Phys. Chem. 28. 
pp. 457-474. May. 1924.)—The Schulze-Hardy law, which establishes a 
relation between the coagulating power and the valency of the coagulating 
ion is only partially fulfilled in the case of the coagulation of manganese 
dioxide sol. It has also been definitely proved experimentally that in the 
adsorption of various electrolytes by precipitated manganese dioxide 
the ions most effective in coagulation are least adsorbed. A survey of 
the experimental results on coagulation show that an ion which has a 
high precipitation value (a small coagulating power) for a colloid is most 
adsorbed by the colloid. Inversely the smaller the precipitation value 
(that is. the greater the coagulating power), the less is the adsorption. 
This is the proper explanation of the Schulze-Hardy law. 

W lien an electrolyte is added to a sol, the first step is the neutralisation 
of the electric charge on the colloid particles by the adsorption of ions 
carrying a charge opposite to that of the sol. The second step is the 
further adsorption of the electrolyte by the neutral particles. It is only 
for the first step that the Schulze-Hardy law is applicable. The existence 
of a minimum concentration of electrolytes for coagulation of colloids is 
explained by a suggestion based on kinetic and adsorption points of view. 

Reversal of charge depends upon amount as well as on the permanency 
of adsorption. Hydrogen, hydroxyl, etc., ions, which are more or less 
permanently adsorbed in large quantities, are most active in charge reversal. 
Substances which are neither strongly basic or acidic are capable of 
adsorbing positive or negative ions, and pass into the colloidal state. 
Charge reversal is possible in those colloids where the neutraliser particle 
of the sol can immediately adsorb more of the precipitating ion. The 
opinion is expressed that charge reversal, amount of adsorption, and 
complex formation depend on chemical affinity existing between the 
adsorbent and the substance adsorbed. Experimental work recently 
carried out proves that soil acidity is very likely due to the adsorption 
of basic portion from salts by silica, humic acid, etc., present in the soil. 

F. J. B. 


1941. Relation between Hydrogen Content of Certain Charcoals and 
Some Other Properties. H. H. Lowry. (Am. Chem. Soc., J. 46. pp. 824- 
846. April. 1924.)—Experimental details are given of the determination 
of chemical composition and measurements of apparent density in air 
and different liquids, sorptive capacity, and porosity of 23 samples of 
non-activated charcoal prepared from anthracite coal. It is indicated 
that the H content (0-21 — 0*53% of chemically combined H) varies 
with the maximum temperature at which the samples are heated, and 
that complete elimination of H only occurs at graphitisation temperatures. 
Apparent densities in different liquids are practically independent of the 
immersion fluid, the data supporting neither the penetrability hypothesis 
of Cude and Hulett nor the compressibility hypothesis of Harkins and 
Ewing. I*ore volumes are found to decrease with decreasing H content, 
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indicating a shrinkage of the charcoals at higher Icmperatures. The 
observed relationship between the apparent density in water and the 
H content of the charcoals is taken as confirmation of the modified penetra¬ 
tion hypothesis. That sorptive capacity increases with increasing H 
content is shown to be in accordance with the view, consistent with all 
known available evidence, that so-called amorphous carbons are hydro¬ 
carbons of low H content built up of polymarised residues from the thermal 
decomposition of hydrocarbons of greater hydrogen content, and that 
any treatment tending to increase the unsaturation of these residues will 
increase the sorptive capacity of the charcoal. A. 13. C. L. 

1942. Adsorption of Vapours by Charcoal. A. S. Coolidge. (Am. 
Chem. Soc., J. 4C. pp. 596-627, March, 1924.)—The conditions capable 
of yielding reliable results in the measurement of adsorption of vapours 
by charcoal are discussed. The charcoal must be freed from gas at a 
definite maximum temperature, the system annealed at a moderately 
raised temperature after admission of the vapour, and the readings taken 
during the pumping-out of the vapour. 

Of the nine vapours examined over a temperature range from 0° to 
300°, and at pressures varying from 0*0002 mm. to 1000 mm., benzene 
is the most completely stable in contact with charcoal, even at the highest 
temporature reached. The adsorption in this case may, indeed, serve 
as a type, the logarithmic isotherms varying gradually and continuously 
in slope from low temperatures and high concentrations, where the pressure 
p is approximately proportional to the twentieth power of q. the amount 
adsorbed per gram of charcoal, to high temperatures and low concentrations, 
where p becomes directly proportional to q. Somewhat similar results 
are obtained with other compounds, but with water and methyl alcohol 
the logarithmic isotherms are concave instead of convex upwards, and 
never indicate equality of p and q. 

Additional evidence is obtained that the adsorbed material exists as 
a liquid, even below the freezing-point of the free liquid. • T. H. P. 

1943. Adsorptive Capacity of Wood Charcoal for Dissolved Substances 
in Relation to the Temperature of Carbonisation. J. C. Philip and J. 
Jarman. (J. Phys. Chem. 28. pp. 346-350, April, 1924.)—Analyses have 
been made of a number of charcoals prepared by carbonising birch-wood 
for certain periods at definite temperatures. From the results of measure¬ 
ments of the adsorptive power of these charcoals in relation to iodine, 
oxalic acid, methylene-blue, tartar emetic and quinine sulphate, it appears 
that the optimum temperature for the production of an active charcoal 
by carbonisation alone varies with the nature of the substance to be 
adsorbed. At the higher temperatures employed, increased facility for 
access of air during the carbonisation results in marked rise in the activity. 

T. H. P. 

1944. Absence of Helium from the Gases left after the Passage of Elec¬ 
trical Discharges. I. Between Fine Wires in a Vacuum. II. Through 
Hydrogen. III. Through Mercury Vapours. S. K. Allison and W. D. 
Harkins. (Am. Chem. Soc., J. 46. pp. 814-824. April, 1924.)—A powerful 
condenser of approximately 0-5 microfarad capacity, charged to 42,000 
vblt^.'is allowed to discharge through very fine points consisting of platinum 
dr 1 ttlhgsten wires 0*0026 crii. in diameter, enclosed in an evacuated bulb. 
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The condenser is divided and reconnected in series so that it can be charged 
to 84,000 volts. The discharge is then allowed to pass through saturated 
mercury vapour at 90° C., 0-1 mm. pressure, between accurately round 
steel balls 3-2 cm. in diameter. The gases evolved in these discharges 
were tested for helium ; 168 discharges were made between points with 
42,000 volts p.d., as above described, and the discharge was allowed to 
pass through the mercury vapour 300 times. Hydrogen was liberated in 
all the trials, but in no case was helium detected, even by the use of the 
highly sensitive spectroscopic method of Soddy, which will detect 2 x 10~ 10 g. 
of helium. It is found that ordinary spectroscopic methods for the detec¬ 
tion of helium are, on the other hand, not at all sensitive. In no case is 
the amount of heat produced noticeably greater than that to be expected 
from the condenser discharge alone. The theory of atomic disintegration 
is discussed, and it is pointed out that the failure of the electrical discharge 
methods to disintegrate the atom is due to the fact that energy is not 
transmitted to the nucleus in a sufficiently high concentration. Electrons 
with velocities of several million volts may prove effective, though thus 
far only high-speed a-particlcs have induced disintegration, as in the 
experiments of Rutherford. The condenser, using the 84,000-volt arrange¬ 
ment. is discharged 100 times through a 600 c.c. bulb containing very 
pure hydrogen at 40 mm. pressure. This is repeated three times. Tests 
by the method of Soddy reveal no trace of helium. A. E. G. 

1945. The Electronic Theory of Valency. B. FlUrschelm. (Phil. 

Mag. 47. pp. 569-576, March, 1924.)—Replies to a paper by T. M. Lowry, 
Abstract 338 (1924). The electronic theories of Fry, Vorlander, Lapworth 
and Robinson. Eastman, Huggins, Crocker, and finally Lowry are con¬ 
sidered. and it is stated that a list of 110 facts, to be published soon, 
shows that the assumptions made in these theories do not agree with the 
experimental evidence ; Lapworth and Robinson have, however, promised 
further developments as to the interpretation of their theory, which 
postulates conjugated addition for o- and />-, and ± alternation for m-\ 
the author has postulated varying alternation through varying affinity 
demand of the substituting atom (Lapworth’s " key atom "), and mole¬ 
cular addition at maximum free affinities, with no assumptions as to the 
ultimate nature of chemical affinity. The physical assumptions underlying 
the electronic bond theories appear to offer considerable logical difficulties, 
some of which are mentioned ; with positive-negative alternation " elec¬ 
trons must be shifted sinultaneously, and in the same molecule, in the 
same and in opposed directions 1 *' It is suggested that many authors 
show a preference for the number 8. to gratify which they will set aside 
the fundamental law of electrostatics. According to the author chemical 
reactions are, in the general case, governed by three internal factors: 
the amount of affinity available at the reacting atom (quantitative factor), 
which depends on the distribution of the affinity force in the molecule; 
the kind of affinity available at the reacting atom (polar factor = general 
polarity) ; the magnitude of steric hindrance affecting the reacting atom 
(steric factor). It is shown how these different factors have to be taken 
into account in the case of a number of organic compounds such as benzene 
derivatives, those of propionic acid, and of other acids. H. N. A. 

1946. The Valency Bond, Electrovalence and Covalence. S. H. C. 
Briggs. (Phil. Mag. 47. pp. 702-713. April, 1924.)—When atoms combine 
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by electrovalence a transfer of one or more electrons takes place from the 
positive to the negative element, the resulting ions being held together 
by general electrostatic attraction. With combination by convalencc no 
electrons are transferred, two or more electrons being shared between the 
combining atoms. A diagrammatic illustration of the molecule of a strong 
electrolyte is studied, and it is argued that the difference between electro¬ 
valence and covalence is only a difference of degree, the electrons being 
shared equally in covalence compounds and unequally in electrovalence 
compounds, the more unequal the sharing the greater the polarity of 
the compound. On similar lines of investigation the combination of a 
number of molecules to form a simple cubic space-lattice is studied. 
The special features presented by aluminium chloride, sulphuryl fluoride, 
boron triethyl, and other compounds are considered in relation to valency 
combination, the general conclusion being drawn that the separation of 
compounds into two sharply-defined classes—electro valence compounds 
with varying degrees of polarity and non-polar covalence compounds— 
cannot be supported. A. B. C. L. 

1947. Adsorption of Binary Mixtures by Animal Charcoal, and Com¬ 
parative Study of the Adsorptive Power of Different Varieties of Charcoal. 
N. A. Yajnik and T. C. Rana. (J. Phys. Chem. 28. pp. 267-278. March, 
1924.)—Adsorption of a substance by charcoal is found to be increased, 
although only slightly, by rise of temperature. With increased dilution 
of a dissolved substance, the relative amount adsorbed increases, but the 
absolute amount diminishes. As regards binary mixtures, it is found 
that cither (1) the presence of a foreign substance may have no effect 
on the adsorption of another substance, the adsorption thus depending 
very little on the ionisation, or (2) a substance may be adsorbed to a less 
extent in presence of another substance than if pure, or (3) adsorption of a 
substance may be increased by the presence of. or at the expense of, another 
substance. Thus, no general rules are followed and the effect of a sub¬ 
stance on the adsorption of another cannot be predicted. Adsorption 
by wood charcoal which has been previously heated approximates to or 
even exceeds that by animal charcoal. With some exceptions the order 
of adsorption of compounds is the same for different charcoals. T. H. P. 

1948. Atomic Speciesand their Abundance on the Earth. F. W. Aston. 
(Nature. 113. pp. 393-395, March 15, 1924.)—The relative abundance in 
the earth of the different types of atoms, including the known isotopes, 
is shown in a diagram, in which log 10 abundance, in gramme atoms, is 
plotted against mass numbers, for the first 39 elements; the number of 
gramme atoms is a multiple of the number of atoms, so that it can be 
estimated that the total number of 0 l ® atoms in the lithosphere, hydro¬ 
sphere, and atmosphere is nearly 10 50 , with about one-third that number 
of Si 28 atoms. The diagram shows the preponderance of elements of 
even atomic number by a series of peaks ; and the importance of atomic 
weights, or mass numbers, of the type 8n is shown. There is a very marked 
contrast between the range of abundance of the isotopes of any one clement 
and that of the elements themselves; there are about 3 Cl 35 atoms to 1 
Cl 87 and about 2 Ga 69 atoms to 1 Ga 71 , yet there are a thousand million 
times more atoms of Cl than of Ga. It seems improbable that such 
differences are altogether due to the difficulty of detecting isotopes, the 
relative amount of which in an element is small, and there appear to be 
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only two possible ways of accounting for them; either the available 
sample of matter is entirely unrepresentative, or the similarity between 
isotopic atoms must be even deeper than has been supposed. The fact 
that the relative abundance of the elements in meteorites is much the 
same as that on the earth is against the first idea, so that the close abun¬ 
dance relations between the isotopes of any element must be connected 
with the structure of the nucleus and its stability in evolution; all atoms 
of the same element may contain an “ inner nucleus ” in common, the 
stability of the inner nucleus determining the abundance of the clement; 
outer parts may be added to this in different ways, forming isotopes, without 
altering the stability greatly. The following facts support this idea: 
the mass relation between the isotopes of tin is integral to the highest 
accuracy ; the same is true of those of xenon ; but the masses of the tin 
and xenon isotopes are not related integrally, those of tin being lighter; 
this is to be expected if the " inner nucleus " of tin is lighter than that of 
xenon. H. N. A. 

1949. The Electro-chemistry of Gases. S.C.Lind. (Am. Electrochcm. 
Soc., Trans. 44. pp. 63-71 ; Disc., 71-75, 1923.)—Measurements are made 
of the amount of chemical change accompanying known amounts of ionisa¬ 
tion produced by radio-active agencies. A comparison in different cases 
of the number of reacting molecules with the number of pairs of charges 
indicates that the gas ions are chemically active and constitute the inter¬ 
mediate activated products of reaction. In the decomposition of CO 
into C0 2 and C. it is found that 2 molecules of CO are decomposed for each 
molecule of CO which is ionised, and that the free electrons take no part 
in the chemical action through formation of negative ions, but merely 
act to re-establish the electrical neutrality. The following general con¬ 
clusions are drawn: (1) Free electrons promote chemical reaction of 
gases only when a gas is present capable of forming a negative ion by 
attaching the free electrons. (2) Gas ions tend to form charged complexes 
by attaching themselves to electrically ncutTal molecules. These com¬ 
plexes are the intermediate compounds of chemical reaction. (3) Acti¬ 
vated molecules or atoms do not interact among themselves, but react 
with unactivatcd molecules. For instance, O atoms at a low concentration 
will combine with CO to give C0 2 , but will not react with each other to 
form 0 2 . C0 2 is not decomposed by a-particlcs, but in presence of H 2 . 

which acts as an acceptor, reaction occurs with the probable intermediate 
formation of the complex (H 2 C0 2 H 2 ) + similar to (H 2 0 2 li 2 )+, which is 
probably given in water formation. (4) A low momentary concentration 
of activated substance is capable of explaining the action of negative 
catalysis or inhibitors. (6) Active ions may be destroyed by reverse 
action cither in a uni- or multi-component system, without any effective 
chemical action resulting. This reversal may be prevented by a suitable 
acceptor. (6) In the absence of at least one gas with affinity for electrons 
a lower ratio of chemical change to ionisation is obtained than when one 
is present. A secondary r6le is always played by electrons in restoring 
final electrical neutrality. " . ‘ ' J-N. P- 

•• 1950. Solubility Curves for the Decomposition of Double Salts. >' S. M* 

Levi. (Zeits; phys. Ghem. 108. pp. 411-430, March, 1924.)—It is pointed 
out that the decomposition of double salts in solution is indicated from the 
solubility relations to a greater extent than has been generally realised. 
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At the transition points there can exist in contact with the saturated solu¬ 
tion three solid phases, the double salt AB and both of its components 
A and B. In the case of complexes which are only stable at higher tem¬ 
peratures, the transition point corresponds to the lowest temperature 
at which the double salt can exist. Below this point only a mixture of 
the components is stable. A somewhat higher point known as the begin¬ 
ning of the transition interval represents the lowest temperature at which 
the double salt can be dissolved in water without decomposition. The 
occurrence of a transition interval is determined by there being a difference 
in the solubilities of the two components of a double salt. 

Graphs are drawn in the case of some typical double salts, in which 
the ratio of the components in saturated solutions is represented by the 
ordinates and the temperature by the abscissx. Each solid phase present 
in the system has a characteristic solubility curve. The transition point 
is given by the intersection of the solubility curve of A in a solution of 
A + AB with that of the solubility curve of A in a solution of B -h AB. 
This coincidence occurs at the same temperature as the intersection of 
the solubility curve of B in A + AB with B in B + AB. The beginning 
or maximum temperature of the transition interval occurs at the point 
of intersection of the solubility curve of A in a solution of B + AB with 
that of B in B -f AB. Data on the limits of the transition interval are 
given in the case of a scries of analagous double salts of the type 
ZnNa 2 (S0 4 ) 2 , 4H 2 0. A discussion is given of the results of similar 
measurements by Koppel. A detailed investigation is made of the 
solubility of NaNH 4 S0 4 . 2H z O. which is only stable at lower tem¬ 
peratures and decomposes at temperatures above its transition point 
of 69° C. A discussion is given of the rule of Meycrhoff, which 
relates the transition point to the solubility curve of the disappearing 
phase. This rule is considered to be untenable. J. N. P. 

1951. The Law of Solubility of Salts. P. Mondain-Monval. (Comptcs 

Rendus, 178. pp. 1164-1100, March 31. 1924.)—The expression d log L/dC 
a — d log i/dT is derived for the solubility of salts, where i is given by 
dF/F — idC/C. The value of * is determined experimentally by measure¬ 
ment of the vapour pressure of ammonium nitrate solutions at various 
concentrations and temperatures. The result obtained gives At'/AT 
= 0-0059. By calculation from the formula and the values for the 
solubility and heat of solution determined previously by the author 
(Comptes Rendus. 177. p. 175. 1923.) the result is Ai/AT =* 0*00535. 
This agreement is quite satisfactory if the difficulty of measuring vapour 
pressures is taken into consideration. B. W. C. 

1952. The Natural Water Corrosion of Steel in Contact with Copper. 
W. G. Whitman and R. P. Russell. (Indust, and Engin. Chem. 10. 
pp. 270-279, March, 1924.)—Experiments are described in which the 
natural water corrosion of steel in contact with a metal lower in the electro¬ 
motive series has been quantitatively determined. The results show that 
the total corrosion is the same with bare steel plates as with steel specimens 
of the same size having 75 % of their surface copper plated, that is, in 
the latter case the corrosion per unit area of steel is four times as great 
as in the former. The total corrosion observed is determined by the total 
effective surface available for the depolarisation of hydrogen by dissolved 
oxygen, the actual corrosion occurring on the steel alone. I he experiments 
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were made by exposing 5-1 x 15-2 cm. surface of mild steel plates to 
water flowing under a constant head. The copper-plated plates were 
slightly polished with emery paper so as to remove the copper coating 
over a small definite area. The rates of corrosion were calculated as 
follows : the consumption of 1 c.c. of the dissolved oxygen of the water is 
equivalent to 3-32 mg. of iron as Fe 2 0 3 . The specific corrosion rate is 
defined as milligrammes of iron corroded per sq. cm. per year per cubic 
centimetre of oxygen per litre. 

K = c.c. of 0 2 consumed per year x 3-32/area of iron surface in sq.cm 
X average concentration of 0 2 , 

= 4,020,000 x litres water per minute x log (initial Oo/final 0 2 ) area 
of iron in sq. cm. 

It was found that after a short initial period of high corrosion the rate 
becomes constant. The data are in accord with an electrolytic mechanism 
of corrosion. The rate of corrosion is limited by the rate at which oxygen 
can diffuse in to react with the surface film of nascent hydrogen. F. J. B. 

1953. Dilution Law for Uni-Univalent Salts. B. Szyszkowski. 

(J. Phys. Chcm. 28. pp. 193-211, March, 1924.)—The author shows that, 
by rejecting the classical conception of partial dissociation of strong 
electrolytes into ions and by admitting Ghosh’s hypothesis of complete 
dissociation of salts into ions independently of the concentration of their 
solutions, a theory of electrolytic dissociation compatible with experimental 
data can be established. The theory is worked out by a thermodynamic 
method, which implies no assumption concerning the mechanism of electro¬ 
lytic dissociation. T. H. P. 

1954. Electrolytic Dissociation of Some Salts in Furfural. F. H. 
Getman. (J. Phys. Chem. 28. pp. 212-220. March, 1924.)—For lithium, 

sodium, potassium, rubidium, ammonium, and tetra-ethylammonium 
iodide in furfural solutions, the values of the conductivity ratio, A : Ao* 
are relatively high, so that this solvent must be regarded as possessed 
of high dissociating power. The curves connecting conductivities with the 
cube roots of the concentrations show that the values of the conductivity 
of solutions of ammonium iodide and tetra-ethylammonium iodide increase 
more rapidly with dilution than do the corresponding values for the other 
iodides; this may be due either to an abnormality in the dissociation of 
the alkali iodides in furfural, or to the tendency of the ammonium radicle 
to react with the aldehydic solvent. , 

• None of the furfural solutions studied conform to Walden s 
relation involving the viscosity and dielectric constant of the solvent, 
K = 7 j 0 . D (v) 045 . d v = 61 • 4. The degree of solvation of the kations of the 
different salts has been calculated and found to be approximately of the 
same order of magnitude as in aqueous solutions. The Storch equation 
is found to express the functional relationship between conductivity and 
concentration of the solutions of the different salts with considerable 
accuracy, the value of the exponent, n, in the equation C(A — Ao) 

= KC A n » being greater than for the corresponding aqueous solutions. 

T. H. P* 

1955. Distribution of Colloidal Particles. E. F. Burton and J. 
Currie. (Phil. Mag. 47. pp. 721-724, April, 1924.)—Perrin's conclusion 
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that, for regions very near to the surface of a colloidal solution, the law of 
distribution of the particles is analogous to that regulating the distribution 
of molecules of gas in the atmosphere [Perrin. “ Atoms.*' 1916j, was based 
on experiments for distances up to only 0-1 mm., yet the impression is 
held that it is valid for all distances [Abstract 392 (1923)). Further experi¬ 
ments on the lines of those previously described [Abstract 1787 (1922)] 
have been made with gamboge, arsenious sulphide, copper, and silver, 
special care being taken to protect the solutions from change of tempera¬ 
ture and from light. The results leave little room for doubt that the 
particles in these solutions are distributed uniformly and that such 
distribution is regulated by some mutual action of the particles, this 
being most probably due to the possession of like electrical charges. 

T. H. P. 

1956. Volumes in the Vicinity of the Critical State of Miscibility . 
N. Perrakis. (Comptes Rendus, 178. pp. 1482-1483, April 28. 1924.)— 
The author has shown [sec Abstract 1516 (1924)) that the influence of the 
vicinity of the critical state of miscibility on the volumes is denoted by 
a deformation of the curve giving, as a function of the composition, the 
variations of volume produced in mixtures of two components of a binary 
system. Also, that this curve presents an appreciable rectilinear part 
indicating the proximity of the region of non-miscibility. The present 
paper records a continuation of this work, the curve deformations being 
systematically studied at 20° for the volumetric variations exhibited by 
mixtures of benzene with the first four primary alcohols. The four 
curves arc included, and show : (1) Rectilinear portions indicating states 
of non-miscibility, the degrees of miscibility increasing from the benzene- 
methyl alcohol system to that of benzene-normal butyl alcohol; (2) that 
the volume variations increase upwards in the alcohol series, and it is 
suggested that for an alcohol sufficiently high in the series a pseudo- 
parabolic curve would be given. H. H. Ho. 

1957. The Osmotic Equation of State and the Activity of Dilute Strong 
Electrolytes. P. Debye. (Phys. Zeits. 25. pp. 97-107, March 1, 1924.)— 
The osmotic and activity relations of strong electrolytes formerly published 
[Abstract 2541 (1923)) are now derived in a new manner involving some 
simplification. The law of osmotic pressure and the osmotic equation 
of stale are taken as the starting-point on the assumption that this law is 
accurately known for the limiting case of disappearing molecular forces 
and defined by the known relation for the thermodynamic potential or 
free energy of dilute solutions. The deductions are compared with the 
conclusions on the activity of strong electrolytes which have been derived 
experimentally by G. N. Lewis. Departures from the ideal or van’t Hoff 
relations are the more marked the greater the degree of dissociation and 
the higher the valency of the ions. The purely Coulomb molecular forces, 
as being the main determinants, are alone considered in this paper. 1 he 
additive terms required by the osmotic law arc derived mathematically 
• by thus considering only factors which operate at high dilutions and 
neglecting effects, such as the size of the ions and other factors, which apply 
at high concentrations. A consideration is made of the energy change 
involved in bringing a solution from a low to a high concentration isotherm- 
ally on account of the mutual electrostatic forces exerted by the charge 
on the particles. By considering the energy change involved in removing 
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from, or restoring an electric charge to, the ion in an atmosphere of given 
ionic concentration and dielectric constant, the following relation is 
derived : Representing the van't Hoff expression for the ideal osmotic 
pressure by P' = 5XAT, the actual osmotic pressure is given by 

P = 20 “ €?X/6DATK*T. 

where €, is the charge on the individual particle, X the density of the ionic 
atmosphere, D the dielectric constant, A the Boltzmann constant, T the 
absolute temperature, and w, the number of ions of the type i. The term 
X is defined by the expression X 2 = 47r5>t l «?/DAT. The thermodynamic 
potential in the case of high dilutions is given by the expression 

Z = £N.(£«• + AT log - €;X/3D). 

Formula.* to evaluate the influence of concentration on this potential are 
derived mathematically. 

The activity coefficient as employed by Lewis is determined by the 
expression log/, = €?X/2DAT = - €*/2DAlV(8w€ 2 /DAT) . (N/1000)jT 
The ionic strength, J, of the solution is determined by the expression 
J — where y { is the number of molecules per litre corresponding 

to ions of the type i and the valency From this expression numerical 
values are calculated for the activity coefficients of typical electrolytes 
and the results compared with those obtained by Lewis. In accordance 
with the conclusions of Lewis, it is seen that the determining factors in 
the energy relations of a solution are the density of the ionic atmosphere 
which at low concentrations is proportional to the square root of the ionic 
concentration, and, with the exception of their valency, is independent of 
the individual properties of the ions. It is shown that at sufficiently 
high dilution, the osmotic equation of state passes into the form Pvjh'l 
= vC — log / 0 , where — / 0 represents the departure from the osmotic law 
due to molecular forces and v the number of ions into which a molecule 
breaks down. Further, log / =» .— ZaC 1 / 2 , where a is a constant and C 
the concentration. . . » J.N. P. 

1958. Changesby the Extension of Zinc Crystals. E. N. da C. Andrade. 

Comments on a paper by H. Mark, M. PolAnyi, and E. Schmid. • (Zeits. f. 
Physik, 22. 6. pp. 343-344, 1924.)—[Abstract 991 (1923).] F. J. B. 

1959. X-Ray Examination of Metal Films. W. H. Bragg.' (Nature, 
113. p. 639, May 3. 1924.)—In the Bakerian Lecture of 1857 Faraday 
discussed '* The experimental relations of gold and other metals to light." 
His investigation had been after the mode in which finely-divided gold 
affected the colour of incident light, in particular the transparency acquired 
by gold-leaf heated to a little below the softening temperature of glass. 
Later, Beilby ascribes the transparency to an opening up of the molecular 
structure, thus modifying a suggestion of Faraday’s that it was due to 
an opening up of grosser portions of the metal. The transparent leaf, 
when pressed by the smooth round end of an agate pencil, becomes once 
more green by transmitted and yellow by reflected light. This effect is 
of considerable interest not only on its optical side, but also because it is 
a simple case of change due to cold working and subsequent annealing, 
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and such changes produced in metals by rolling and drawing have been 
examined by X-ray methods by Mark, Schmid. Weissenberg and Potenyi 
[see Abstract 2531 (1923)]. The present examination has been undertaken 
on some of Beilby’s pure gold films, using a Mailer spectrometer, which is 
well adapted for the purpose. The film was mounted on glass, and in 
most of the experiments the sheet was used as a reflecting-face. being 
equally inclined to the incident and reflected rays. Brief experimental 
details with three photographs are included. From the results obtained 
it appears that the beating puts some strain into the crystal, though it 
increases the amount of arrangement. Heating relieves the strain, i.e. 
allows surface tension to come into play. The greater strain is also the 
probable cause of the greater response to chemical action which is found 
in the beaten state. H H Hn 


1960. Maximum Temperatures Attainable in Combustion of Fuels. 
G. A. Goodenough and G.T. Felbeck. (Univ.of Illinois Eng. Exp. Sta. 
Bull. No. 139 (160 pp.] f March, 1924.)—The work available from reactions 
at high temperatures is not generally the exact equivalent of the heat of . 
reaction ; in addition, the reaction cannot proceed to completion, but halts 
when the constituents attain a state of chemical equilibrium. The 
maximum temperature is thus definitely limited. This explains the dis¬ 
crepancy between the indicated pressures of explosion in an engine cylinder 
and those calculated by methods involving three usual but unjustifiable 
assumptions: ( 1 ) that the combustion process is adiabatic; ( 2 ) that 
tl\e specific heat of the products is constant, whereas this increases with 
the temperature ; and (3) that combustion is complete, which is untenable 
by the law of chemical equilibrium, according to which the mixture at 
Uie point of maximum pressure must contain a considerable amount of 
uncombined CO and H 2 . In this paper a rdsumd of the important laws 
of gaseous mixtures is given, together with a general theory of chemical 
equilibrium. The determination of conditions of chemical equilibrium is 

a fundamental problem in the investigation of temperatures and pressures 
due to combustion. The equilibrium equation for various reactions is 
derived by the method of thermodynamic potentials. The analyses of 
exhaust gases of a petrol engine as given by Watson, including methane 
and formaldehyde, can thus be satisfactorily explained. The energy 
equation is developed and the method of solving the system of equations 
for the calculation of maximum temperature is shown. The data from 
explosion experiments by David and by Bone and Haward are examined 
and the observed and calculated temperatures compared. The effects 
are studied, for various fuel gases, of varying the initial pressure and 
temperature of the gas mixture and of excess air and loss of heat during 
combustion. Tizard and Pye's approximate method of calculating maxi¬ 
mum explosion temperatures for liquid fuels is discussed and their 
values re-calculated by the more exact procedure, the results being in 
close agreement. The question of water injection is noticed. Numerical 
examples axe given for petrol-air and kerosene-air mixtures and also for 
the flame temperatures attainable in oxy-hydrogen and oxy-acetylene 
welding. Available data on specific heat and heat of combustion of various 
gases are collated in two appendices. J. V. H. 

1961. Gaseous Explosions at High Pressures. Part IV. Influence of 
Initial Pressure upon the Rate of Pressure-Development and the Activation 
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of Nitrogen in CO-Air Explosions. W. A. Bone, D. M. Newltt and 
D.T. A.Townend. (Roy. Soc., Proc. 105. pp. 400-433. April 1, 1924.)— 
The experiments [Abstract 2013 (1923)] have been continued with initial 
pressures P* ranging from 3 to 100 atmos. Whilst in mixtures of H, N, O, 
or of CO, O, an increase in P< shortens the time required to develop the 
maximum pressure P m . the reverse holds for CO-air and (2CO + 0 2 -f 4N 2 ) 
mixtures. As long as P< does not exceed 3 atmos., t m , P m and the rate of 
cooling are the same for (2CO -f- 2 O 2 + 4N 2 ) as for (2CO *f- O z -f 40 2 ), 
the N acting merely as diluent. At P, = 10, the energy-absorbing function 
of N becomes apparent. At first (P< from 10 to 25 atmos.) there is also a 
large exothermic effect during the cooling period, without appreciable 
lowering of the corrected P m value. That remains so even at 60 atmos., 
if experimental conditions are rendered unfavourable to the formation 
of NO by a partial replacement of N by its equivalent of CO. The cor¬ 
rected P w is slightly affected at P,- = 25 atmos. and more at higher P< 
by the secondary NO-formation in a normal CO-air mixture. - This 
formation is favourably affected by an excess of oxygen. On the other 
hand, nitrogen exerts no such energy-absorbing function in hydrogen-air 
mixtures, even at the highest rate P< of 76 atmos.; there is in this case 
hardly any NO-formation, though the t m is little lower, 2820° against 
3020° K. Speaking generally, no after burning or exothermic effect 
could be detected in mixtures such as (2H 2 + O z + 4N 2 ), (2CO + 0 2 ) 
or (2CO + 0 2 + 4Ar) at P< above 10 atmos., and there was no sign 
of a limitation of t m in (2CO -f 0 2 ) mixtures, even when the temperature 
went up to 6200° K. These facts are best explained by a primary 
N 2 -activation owing to an absorption of the peculiar radiation emitted by 
burning CO-molecules, which may or may not be followed by a secondary 
NO-formation depending upon favourable experimental conditions. A 
primary NO-formation of a purely thermal character would not explain 
all the facts. A resonance reaction between CO and N 2 in these explosions 
would accord with the modern view as to the similarity of the electronic 
constitutions of the CO- and the N 2 -molecules. This radiation arises 
from direct interaction between CO and : O atoms (or possibly 0 2 -molecules) 
rather than from interaction between CO and OH 2 -molecules, because the 
partial replacement of CO by H 2 in the CO-air explosions counteracts the 
N 2 -activation as was previously shown by the authors. The point is 
further studied by a spectroscopic investigation of the effect of gradual 
additions of hydrogen toCO-flames. That the percentage of the formation 
of NO in explosions of coal gas and of CO-air was greater than could be 
accounted for by a purely thermal effect had been observed by F. Hausser: 
he suggests an effect of ultra-violet radiations ("Chemistry and Industry, 
p. 760, August 3, 1923), but the authors do not accept this view. H. B.- 

1962. Spectrophotometric Determination of Hydrogen-Ion Concentrations 
and of the Apparent Dissociation Constants of Indicators. Part /. Methods. 
W. C. Holmes. (Am. Chem.. Soc., J. 46. pp. 627-631, March, 1924.)— 
For an indicator coloured in only one of its forms the suitable ratio Rr 
for defining the degree of transition at any point within the zone of colour 
change is that of the intensity of the absorption at such point to that 
of an equal quantity of indicator under conditions ensuring maxim uin 
intensity. With indicators which exhibit the essential behaviour of mono¬ 
basic acids or bases, and- with which complete transformation-may he 
obtained, the numerical value of Rj represents the percentage colour 
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transformation. With two-colour indicators two ratios of this type may 
be employed, or use may be made of the ratio R 2 of the intensities of 
absorption at two wave-lengths selected at or near the respective maxima 
of the two absorption bands in question. The results obtained with two 
indicators give in each case regular variations between the values of /, 1 I 
and R 2 . Thus spectrophotometric ratios of cither or both the above 
general types may be used for the evaluation of hydrogen-ion conc.iur:*- 
tions, it being necessary merely to determine the ratios with suitable 
indicators in buffered solutions affording small intervals in />H values 
over their effective ranges. T. H. I’. 

• ' 1963; An Electrometric Method of Following Certain Inorganic Hydrolytic 
Reactions. G. S. Tilley and O. C. Ralston. (Am. Electrochem. Soc.. 
Trans. 44. pp. 31—41 ; Disc., 41-42, 1923.)—The use of the air electrode 
has been investigated for the purpose of following hydrolytic reactions, 
$uch as the removal of ferric iron and aluminium from copper sulphate 
solutions by various basic substances like powdered limestone, copper 
oxide, etc. Changes in direction of the voltage-time curve, or of the 
voltage-hydrolysing agent curve, allow of following the process without 
the need of chemical analysis. The method likewise applies in the purifi¬ 
cation of zinc sulphate solutions and of aluminium sulphate solutions, and 
can be extended to other similar problems. Authors. 

1964. Arrangement for the Delivery of Measured Small Volumes of 

Liquid. E. Mtiller. (Zeits. Elcktrochcm. 30. pp. 187-188. April. 1924.)— 
A burette for use in electro-titration experiments is described which is 
fitted with an arrangement to allow definite small measured volumes of 
liquid to be run off. in order to facilitate manipulation near the end point 
of the determination. B. W. C. 

1965. Reactions of the Lead Storage Battery. M. Knobel. (Am. 

Electrochem. Soc., Trans. 43. pp. 99-104; Disc.. 104-100. 1923.)—This 
investigation was carried out with a view to determining whether the 
reactions suggested by F6ry or those of the usual double sulphate theory 
are correct. The former involve one mol of sulphuric acid per two faradays 
on discharge, whereas the latter involves two mols. Experiment shows 
that the amount of acid varied with the rate of discharge, but at low 
rates two mols were required. It thus appears that Fdry’s theory is not 
supported. . . t - W. R. C. 

1966. Direct Measurement of Polarisation Capacity and Phase Angle. 
C. W. Miller. (Phys. Rev. 22. pp. 622-628, Dec.. 1923.)—Using sym¬ 
metrical condensers in which the separation of the plates could be varie 
from 0-002 cm. to 0-3 cm., the series resistance and the capacity for small 
current density were measured by means of an alternating-current bridge. 
Within the errors of the experiment, the "initial” capacity was inde¬ 
pendent of the separation of the plates, and the resistance was a linear 
function of the separation, approaching, however, a definite surface 
resistance as the distance between the plates was reduced. I,or “>ncen- 
trations greater than hundredth normal it was possible to work with such 
small separations that the resistance of the electrolyte could be neglected 
in' comparison with the surface resistance. Direct measurements were, 
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therefore, possible of capacity, resistance, and phase angle (tan-1 .eCR) 
Usmg potassium bromide as electrolyte and clean gold electrodes as soon 
as possible after immersion in the electrolyte, a study was made of the 
variation of these constants with concentration, and for a few frequencies 
from 570 to 3500 cycles. The capacity varied very nearly directly and 
the resistance inversely as the one-fourth power of the concentration, the 
product CR being nearly constant. The phase-angle was very nearly 
constant for variations both of concentration and of frequency, showing 
only a slight decrease with increasing concentration and a slight increase 
with increasing frequency. It was about 65°. Author 


” 67 ; Thc Li f e Period of Overvoltage Compounds. E. Newbery. 
(Chem. Soc.. J. 125. pp. 511-518. March. 1924.)-The overvoltage is 
measured by making observations at various commutator speeds and 
extrapolating to infinite speed. The overvoltage hydrides of zinc and 
chromium appear to be stable ; graphite, silver and platinum less stable ; 
cadmium, copper, nickel and lead are unstable or variable in composition 
on the electrode surface. The methods adopted by Glasstone, and also 
by Tartar and Keyes, are criticised, and their theories shown to be 
untenable. It is pointed out that alternating current ammeters cannot 
be used for measuring intermittent direct current in overvoltage deterraina- 
tions. r w r. 


1968. Effect of Current-Density on Overvoltage. M.Knobel, P. Caplan, 
and M. Eiseman. (Am. Elcctrochem. Soc., Trans. 43. pp. 55-74 ; Disc., 
75-78, 1923.)—Attention is drawn to the large effect on overvoltage that 
may be expected when the current-density is high as compared with 
values for low current-densities. Also there is the important question 
of eliminating resistance drop when taking measurements. The reference 
electrode is sometimes placed behind the kathode in an attempt to eliminate 
the potential drop, but this method is deprecated. If the reference elec¬ 
trode tip is placed on thc front side of the electrode it disturbs the current 
flow lines. A large tip, or one pressed too closely to the surface, would 
cause an appreciable decrease in current-density in the electrolyte im¬ 
mediately between the tip and the electrode and the value for overvoltage 
would be too low. Curves are given showing the effect of varying size of 
thc electrode tip and the effect of varying the distance from the electrode 
surface. I*rom these experiments the authors came to the conclusion 
that it was best to use a tip of approximately one millimetre in diameter 
and to press it lightly against the active electrode during measurements. 
A small piece of cotton is inserted in the end of the tip to prevent bubbles 
entering the tube and breaking the electrical circuit. 

The effect of varying the current-density was determined by setting 
the current at the desired value and making the electrode potential deter¬ 
mination within one minute of this setting. The values so obtained 
were found to be more reproducible than by allowing the experiment to 
run on for five or ten minutes, during which time the electrode would 
change considerably. The general form of the current-density over¬ 
voltage curves so obtained is more or less logarithmic. Metals generally 
specified as having a high overvoltage rise sharply-to a high overvoltage 
at low current-densities and then increase but little with increasing current. 
Metals of low overvoltage show a more gradual increase. No hydrogen 
overvoltage thus measured exceeds the value of about 1*30 volts, but the 
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trend of most of the curves is towards this value. Platinised platinum 
maintains its low overvoltage even at exceeding high current-densities. 

W. R. C. 

1969. Variations in the Cataphoretic Mobilities of Oil Drops in Water. 

M. Mooney. (Phys. Rev. 23. pp. 396-411. March, 1924.)—The Helmholtz 
theory of electric endosmose is first described, following which comes a 
reference to the formula? of Lamb and Smoluchowski for the cataphoretic 
velocity of a suspended particle. The latter’s formula gives velocity as 
independent of size of particle, and the present experimental investigation 
deals with this problem for very dilute emulsions of oil in water. The 
cell used was a thin-walled glass tube 20 cm. in length and C mm. diam., 
with gold electrodes sealed into the ends, held in a vertical position. By 
means of a microscope, velocity measurements were made on suspended 
drops both along the axis and in the stationary layer H/V2 from the axis, 
where R is the inner radius. For emulsions of ten oils in distilled water, 
the mobility for a field of 10 volts/cm. was found to increase with the 
diameter D for the range from 0 0005 to 0 04 mm. This is also true for 
emulsions of stanolind in weak electrolytes, but for 0 0008»i CuS0 4 the 
mobility is constant. In all cases the drops were negatively charged. 
Variation with the potential gradient is not exhibited by the smaller drops, 
but large ones, above 0 02 mm., show a slight increase for fields of 
10 volts/cm. Observation on a large drop in a capillary tube open at both 
ends and immersed in a dish filled with 0-0001 m NaOH, indicates that the 
mobility increases with time during the first five or ten sec. after the electric 
field is applied. As explanation, it is suggested that the electric double 
layer around a drop is considerably distorted by an external electric field, 
so that equilibrium is established rather slowly. For the endosmotic How 
of water in a closed cylindrical tube, hydrodynamic theory gives the velocity 
as a linear function of the square of the distance from the axis, with a 
*ero value for r *= R/V 2 . This has been experimentally verified. The 
mobility past an oil surface was measured after coating tiic inside surface 
of the cell with oil, and was found approximately equal to the cataphoretic 
mobility of large drops of oil in water. This is also true for 0 - 0004 molar 
CuS0 4 solution. H. H. Ho. 

1970. Electro-Osmotic Experiments on the Reversal of the Electrical Charge 
of Colloids and Precipitates and the Preparation of Stable So/s with a Charge 
Opposite in Sign to that Commonly Obtained. J. N.Mukherjee and B. C. 
Roy. (Chem. Soc., J. 125. pp. 476-488, March. 1924.)—The authors 
discuss the reversal of the charge of colloids from the point of view of the 
origin and neutralisation of the electrical charge. The adsorption of an 
oppositely charged ion is due mainly to electrical forces and two types of 
adsorption by colloids may be distinguished : (1) Primary adsorption of 
ions owing to the chemical affinity of the surface atoms; the charge on 
the surface of colloids (hydrophobe) in water as dispersion medium is 
due to this type. (2) Electrical adsorption of oppositely charged ions, 
this being a secondary effect due to the surface being charged as a conse¬ 
quence of the primary adsorption of ions. It follows from these views 
that reversal of the charge of the surface by electrical adsorption is possible 
only when the valency of the oppositely charged ion is greater than that 
of the ions to the primary adsorption of which the surface owes its charge. 
When the oppositely charged ion is acted on by chemical affinity of the 
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surface atoms, reversal is possible independently of its valency. With 
univalent ions, however, reversal of the charge has seldom been observed 
except with hydrogen and hydroxyl ions [see Abstract 91 (1923)]. Further, 
alkali-metal kations can never reverse the charge of colloidal surfaces 
since they are univalent and their chemical behaviour may be summed up 
in their tendency to exist as ions. The alkaline-earth metal ions also are 
not likely to be adsorbed chemically or primarily, and unless the ions 
adsorbed primarily are univalent, an alkaline-earth metal ion cannot 
reverse the charge by electrical adsorption. 

The experimental work described deals with the influence of a large 
number of electrolytes on the charge of negative colloids, and with the 
preparation of positively charged suspensoids which are usually obtained 
with a negative charge. In no case was reversal obtained with univalent 
alkali metal kations and bivalent alkaline-earth kations, even although in 
some cases the concentrations were at their maxima. T. H. P. 

1971. The Physical Laws of Formation of Ozone by Discharge . A. 
Chassy. (Comptcs Rend us, 178. pp. 1484-1485, April 28, 1924.)—When 
alternating discharges at high potential are passed through a gas, heat is 
disengaged, and if the gas be oxygen, formation of ozone also takes place. 
The present investigation compares the quantity of ozone formed with the 
heat evolved. Experimental details are included. It has been established 
that whatever be the voltage and frequency, the numerical ratio between 
the heat evolved and the ozone formed is constant if the experiment be 
terminated on each occasion at the same ozone concentration, while the 
ratio itself depends entirely on this concentration. The law. however, is 
only exact for the same condition of oxygen in each experiment initially. 
The total electrical energy is thus transformed into two parts corresponding 
with the thermal and chemical effects. If Q be the heat effect in small 
calories, and V the volume of oxygen transformed into ozone referred to 
0° and 760 mm., then it is found that V/Q = 7-04, as a result of a large 
number of experiments at ordinary temperatures, a ratio which is constant 
whatever may be the voltage, current frequency, or apparatus dimensions. 
Temperature has no effect on the ratio between 0° and 26°. H. H. Ho. 

1972. The Production of Nitric Oxides and Ozone by High-Voltage 
Electric Discharges. K. B. McEachron. (Am. Electrochem. Soc., 
Trans. 44. pp. 185-200; Disc., 200-202, 1923.)—A modified type of 
Siemens tube is arranged in which the annular space between the two 
glass tubes is enlarged and is filled with a large number of glass rods 
extending throughout the length of the discharge tube. A uniform 
discharge can thus be obtained without the formation of sparks. A 
further type consists of a porcelain tube with an aluminium tube on the 
inside and a second one on the outside. The space between the porcelain 
and the aluminium tubes is filled with long glass rods. With a tube of 
this type of 14-4 cm. outside diameter and 152 cm. length, 30 -cycle ax. 
at a voltage of 47-60 kv. is applied, and a mixed discharge is obtained 
consisting of corona with a large number of sparks which decrease in number 
and length with decreasing pressure. In measurements with air, it is 
found that increase of current flowing in the discharge increases the yield 
of both ozone and nitric acid up to a certain maximum beyond which 
further increase in the current decreases the yield. A considerable decrease 
in pressure is observed, which is greater than can be accounted for by the 
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products obtained. The presence of traces of products of previous runs 
made in small tubes of the Siemens type modify the character of the 
discharge and decrease the absorbable products. With increase of pressure 
the yield of ozone increases until a pressure nearly atmospheric is reached. 
At higher pressures the yields in general decrease. With increasing pres¬ 
sures, within the limits investigated (900 mm.), the yield of nitric acid 
increases with tubes in which sparking occurs, and decreases in tubes, 
like the rod tubes, in which sparking does not occur. Increase in rate of 
air flow will in general increase the yields of nitric acid up to a certain 
maximum, the critical air-flow rate being dependent upon the tube used. 
Increased air rates give increased yield of ozone which tend to become 
constant at higher rates. Sparks passing through air cause a pressure 
increase much too rapid to be a heat effect. With an enclosed volume of 
air a pressure decrease due to ionisation occurs at the instant the power is 
disconnected. In air the corona discharge favours the production of ozone, 
while sparks tend to produce oxides of nitrogen. A combination of sparks 
and corona produces the higher oxides of nitrogen. J. N. P. 

1973. Electrolytic Crystallisation of Lead. V. Kohlschtittcr and 

F. Uebersax. (Zeits. Elektrochem. 30. pp. 72-83, Feb., 1924.)—The 
results of a number of observations on the forms oT growth of lead 
separated by electrolysis from its solutions under various conditions; the 
following conclusions arc drawn [sec Gunther-Schulze, Abstract No. 1933 
(1922)]. The separately-growing masses of lead crystals may vary con¬ 
siderably in their external appearance, even when the conditions prevailing 
during their formation differ only slightly. The following characteristics 
are, however, observed : (1) The formation of a form type is determined 
reproducibly by the current density and by the nature and concentration 
of the electrolyte, and (2) its peculiarity lies not in a difference in the 
vectorial growth, but in the fashion in which smaller individuals arc 
superposed. Thus, the accidental needle- or sword- or leaf-shaped 
forms which the separating material assumes are not distorted single 
crystals with preponderating development in certain crystallographic 
directions, but aggregation forms. The effects of various factors on some 
of these aggregation forms are described. T. H. P. 

1974. Ultramicroscopic Observations of the Electrode. Part I. V. 
Kohlschutter. (Zeits. Elektrochem. 30. pp. 164-175, April, 1924.)—In 
order to investigate the exact mechanism of the deposition of a metal at 
the kathode, ultramicroscopic examination is found to give interesting 
results. The observations of Kossonogow [Abstract 476 (1910)) are con¬ 
firmed and extended with copper electrodes in dilute copper sulphate, and 
silver in dilute silver nitrate. In the former case, beautiful effects are 
obtained ; a blue zone due to colloidal copper hydrate and a golden colour 
due to ultramicroscopic bubbles of hydrogen are the most prominent. 
A detailed examination of " black copper ” and " black silver ” is described, 
and it is concluded that the nature of these products depends upon the 
" dispersion ” of gas in the metal. Electrodes of copper in water alone 
and also silver in water alone are examined. The important part played 
by the gases evolved is emphasized, with especial reference to its influence 
on overvoltage and the adsorption of hydrogen by metals. It is con¬ 
sidered that the deposition or solution of a metal electrode is much more 
complicated than is generally supposed, and further microscopical and 
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ultramicroscopical examination is necessary before any general conclusion 
can be reached. B W C 

1^75. 7 he Dissolution of Lead in Caustic Alkali by Means of Sinusoidal 
Alternating Currents. F. Jirsa and J. Fabinger. (Zeits. Phys. Chem. 
109. 3-4. pp. 260-274, 1924.)—In continuation of the researches of Elbs, 
Grube and Jirsa [Abstracts 2356 (1922), 1345 and 1506 (1921)] the authors 
experiment with electrodes (cylinders or plates) of pure lead in caustic soda 
in glass vessels provided with a filter and a tap at the bottom so that the 
amount of lead dissolved can be determined. Temperatures are kept 
constant; Working in a hydrogen atmosphere is not attempted. The 
lead, it is found, passes into solution as a divalent element, but not quanti¬ 
tatively, even when the periodicity (range from 29 to 307) is low. The low 
yield is not due to an anodic passivity and the formation of an oxide 
film on the lead. The Pb" ions from the lead react with either 30H', 
yielding HPbO.',, or with 40H\ yielding PbO"; the former reaction is 
the more rapid. In concentrated solutions PbO'/ is chiefly formed, and 
less lead is, therefore, dissolved than in diluted solutions. Potential and 
oscillograph measurements show that there is no phase lag during the 
electrolysis and neither anodic nor kathodic polarisation, but true a.c. 
polarisation. Yet there is a certain asymmetry in the curves when a 
third auxiliary electrode is inserted between the two electrodes, because 
there may be a direct current from the polarised over to the intermediate 
electrode. H. B. 

1976. Periodic Phenomena in the Electrolysis of Chromic Acid. J. E. 
Liebreich. (Zeits. Elektrochcm. 30. pp. 186-187, April, 1924.)—The 
observations and criticism of A. Kleffncr [see Abstract 699 (1924)] are 
discussed in conjunction with previous work of the author on the influence 
of sulphuric acid on the phenomena studied, and are considered to favour 
the author’s theory of special chemical reactions at the kathode, instead 
of the passivity theory. It is also concluded that the observations of 
K. Oyabu do not contradict this theory. B. W. C. 
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1977. Correction of the Density of Liquids for the Buoyancy of Air. 

G. Barr. (Chem. Soc., J. 125. pp. 1040-1045, May, 1924.)—A discussion 
of certain possible sources of error in density determinations of high 
accuracy by the pyknometcr method. M. A. G. 

1978. Measurement of Surface Tension with Very Small Volumes of 
Liquid ; the Surface Tension of Octanes and Xylenes at Several Tempera¬ 
tures. T. W. Richards, C. L. Speyers and E. K. Carver. (Am. Chem. 
Soc., J. 46. pp. 1196-1207, May, 1924.)—The method consists in the 
measurement of differences of capillary rise in two narrow tubes of different 
diameters, the tubes being in communication at their lower ends. There 
is a discussion of the correction to be applied owing to the capillarity 
of the wider tube, for it is experimentally disadvantageous to have this 
tube of too great radius. The apparatus was standardised by means of 
pure water. With it the surface tension of water, three isomeric octanes, 
0-, m- and p-x ylene, and ethyl benzene were determined, each at three 
temperatures. Equations are given for the calculation of the surface 
tension at any intervening temperature. The total surface energies arc 
recorded ; they change but slightly with changing temperature. The 
results are essentially in accord with the theory of atomic compressibility. 

A. A. D. 



1979. The Non-Metallic Elements. Connections between their Dielectric 
and Other Physical Properties. G. L. Addcnbrooke. (Phil. Mag. 47. 
pp. 945-965, May, 1924.)—Boltzmann, in 1873. described a method of 
obtaining dielectric constants by observation of the attraction of a small 
sphere of a dielectric hung near a large charged sphere, as compared with 
the attraction of a similar small metal sphere taken as a standard. This 
is now discussed at length, and Thornton's work is also included. In 
the present paper the conclusions reached from a general consideration 
of physical properties are applied to the electrical properties of certain non- 
metallic elements. In the case of surface tension and capillarity, a static . /* 
or gravitational pull is balanced against the steady electric attraction of..i\ V 
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points, the disruptive or shaking action of the electric waves is balanced 
against the steady natural electric attraction between the molecules. 
In vaporisation the connection seems to be with the energy stored, which is 
also proportional to the attraction. Finally, heat and light waves so 
overlap in frequency that what is true for the one must almost certainly 
follow for the other. 

The difference between the effects of long electric waves and short 
in dielectrics appears to lie chiefly in the fact that with long waves there 
is a single potential slope throughout the dielectric, while with light and 
heat waves there are nearly always a number of complete waves in its 
thickness. Consequently, some of the molecular condensers subjected 
to light and heat waves are receiving a charge at the same time that 
others are discharging. This causes important differences, but rather 
of detail than of principle, and chiefly in the initial application and dying 
down of the field. Thus the electric attraction and the phenomena of 
capacity in dielectrics can be brought into line with work which has been 
done optically or at light frequencies, and both are brought into close 
relation with the phenomena of heat, surface tension and capillarity. 
Further connections exist between the electrical properties of the elements 
and their atomic weight or number, position in periodic table, and chemical 
action. The paper is very descriptive, and should be consulted in its 
entirety. H - H> H °‘ 

1980. Vibrating Filament Stroboscope. A. Bertrand. (Rev. G . 6n j 
d’fil. 15. pp. 848-850. May 10. 1924.)—The requirements of a mechanical 
stroboscope demand the production of flashes of light whose frequency is 
kept fixed at a certain value N as long as is necessary, and also the am my 
to vary easily and continuously this frequency N. An 1 " str “ m ^ lt 
filling these requirements has been invented and made by A. Ouu e . 
the principal being that the vibrations of a filament of metal or othe 
material are perpetuated electrically by the movement of a contact pUced 
at the actual point of attachment of the filament andl operated eithc y 
direct or induced current. Near the middle of the filament is fixed* 
aluminium plate, in which is cut a narrow slit. This slit isphcid^ 
and very near to another practically identical slit in the wall, whi 

the small base of a frustrum of a hollow cone incorporated in one of tn 
supports of the apparatus. A beam of light directed into the ^trum of 

the cone and concentrated on the slit altows a ce ^‘ n t J^2 s succeed 
minated. As the filament vibrates with a frequency N the flashyi succe 
one another with a frequency 2N. The author describes theM the 
instrument, and gives as an example a method of ^easun ng the peed 
rotation of a motor. It can also be used to study parts of machinery 
motion. [See Abstract 1718 (1923).] T * U 

1981. Plotting Instrument. A.H.Sellman. (Optical Soc. of America. 

I and Rev. Sci Inst. 8. pp. 693-696. May. I924.)-Tl>e dev.ee cons.sU 
essentially o£ two parts: the track and the ordinate arm. The track co 
taining the abscissa scale, is also the guide for the head or runner of the 
ordinate arm, and is fixed to the drawing-board. The ordinate scale runs 
in a groove of the ordinate arm. which is supported at its free end y 
a small wheeled carrier. The head of the ordinate arm is fitted with 
slide-rule glass whose cross-line is directly over the abscissa scale. 
ordinate arm carries a movable pointer with a slide-rule glass, ana 
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this glass is a small hole, through which the plotted point is registered 
with a pencil. T. C. H. 

1982. Adjustment of Observations. N. Campbell. (Phil. Mag. 47. 

pp. 816-826, May, 1924.)—In view of the recent suggestion by Edgeworth 
of the use of medians, as alternative to least squares, for reducing observa¬ 
tions involving two variables, the claims for greater simplicity of the 
method of zero sum are again discussed. The method is described with 
special reference to two variables, and it is urged that there is no reason 
to believe that the method of zero sum is necessarily significantly inferior 
in accuracy to that of least squares. Methods are discussed whereby it 
might be possible to decide the question experimentally, such of them as 
have been essayed not indicating any difference between the two methods 
appreciable to experiment. A. B. C. L. 

1983. Free Pendulum. F. Hope-Jones. (Roy. Soc. Arts, J. 72. 
pp. 446-458 ; Disc., 458-460, May 23. 1924.)—The aim has been to relieve 
the clock, or its pendulum, of interference. (1) by removing the contact 
applications for self-wjnding. and by using a cranked lever to drive the 
clock, lifting and resetting it by the armature of an electro-magnet as 
was accomplished in the *' synchronome " remontoire ; (2) by dispensing 
with the " escapement ’* and imparting the impulse to the pendulum when 
it is passing through its zero position. This last is done by the " syn¬ 
chronome " switch, a combination of a pendulum and a switch, the 
pendulum telling the switch when to work (usually every half-minute), 
and the switch imparting an impulse to the pendulum when it falls. 
(The switch is described.] It follows that the pendulum has only to 
count out the half-minutes (by pulling round an idle wheel) and to release 
the catch supporting the gravity arm. It would be " free " if these two 
duties were done for it, and this is accomplished by employing a " slave ” 
clock, with the result that one pendulum measures time and docs no 
work, whilst the slave does all the work and has its precise timing done 
for it. The slave is given a small losing rate of about six seconds a day, 
and as a result the phase difference of the two pendulums decreases until 
engagement takes place, with a consequent advancement of the slave’s 
phase corresponding to the quickening action of the spring, and a cycle 
of such operations continues indefinitely. As long as the losing rate of 
the slave, relative to the master, does not increase to more than twelve 
seconds per day nor decrease to zero, the control by the master clock is 
complete. The whole is worked in a vacuum, so as to reduce the pressure. 
The synchronizer and the method of using it in combination with the 
synchronome system to produce the free pendulum is the invention of 
W. H. Shortt. This free pendulum clock has been run at the Edinburgh 
Observatory [see next Abstract], where it has succeeded in measuring 
time for considerable periods to within 100th of a second per day, or 
1 in 8 millions. In the Discussion, the points raised were : by the 
Astronomer Royal, whether small seismic vibrations might not affect 
the accuracy attainable ; by C. O. Bartrum, whether there were not at 
times some external effect which made the three Edinburgh clocks alter 
the^r rate together; by C. E. Prince, whether it would not be better to 
give thirty small impulses per half-minute rather than one single impulse; 
by R. J. Low, whether the changing rate of the clock might not be corre¬ 
lated with magnetic charts, or with the gravitational effect of the position 

vol. xxvix.— a.—1924. 



700 


SCIENCE ABSTRACTS. 


of the moon, the sun, or the tide, and if it were not inadvisable to have 
a magnetic field near a swinging pendulum. A. S. D. M. 

1984. Studies in Clocks and Time-Keeping. Part III. Comparative 

Rates of Certain Clocks. R. A. Sampson. (Roy. Soc. Edinburgh, Proc. 44. 
1. pp. 56-76, 1923-1924.)—The same order of discrepancies, as are seen 
in night-to-night determinations at a single observatory, are shown in 
those made at various observatories, and may have a range as large as 
0"-3. The clock problem is to devise a manageable process which shall 
be uniform in time, and to ascertain precisely what is happening in any 
particular interval of time ; the multiplication of clocks confers no benefit 
unless these are as good as the best already in use. The author gives 
a study of the going of four clocks when all known causes of variation 
have been removed ; he deprecates any obliteration of discrepancies in 
the going of clocks by smoothing, as these discrepancies form the material 
and evidence for study ; he adopts one clock as director, and the errors, 
as indicated by stellar observation for it. are charted as observed, without 
smoothing, and against these are set the relative going of the director 
and each of the other clocks. Tables of the results are given. (See 
Abstract 1256 (1922).] A. S. D. M. 

1985. A Vibration Recorder. C. G. Beall and C. I. Hall. (Gen. 

El. Rev. 27. pp. 297-303, May, 1924.)—This article consists in a descrip¬ 
tion of an optical method of recording muscular tremors, and is mainly 
of medical interest. W. H. S. 

1986. Lewbeck Projection Micrometer. (Engineering, 117. p. 716, 
May 30, 1924.)—This instrument operates by forming a highly magnified 
image of the wire or fibre on a translucent screen provided with an 
adjustable scale to measure the width of the image formed. The essential 
parts— i.e. illuminating lamp, projection microscope, reflecting mirror and 
translucent screen—are all mounted in fixed positions on a rigid base plate. 
It is only necessary in making a measurement to bring the zero of the 
scale into coincidence with one side of the magnified image on the screen ; 
the position of the other side of the image on the scale then gives the 
diameter. The scale is divided into tenths of an inch, and as the magnifica¬ 
tion is 1000 diameters, each division corresponds to 0 0001 in. A Pomto- 
lite lamp is used, the light from which passes through an aperture in the 
lantern and travels by a lens and reflecting prism to a condenser of the 
microscope. Between the condenser and the microscope objective is 
the wire, secured in a holder. The operation of inserting the wire and 
measuring its diameter can be carried out by the operator without changing 
his position. 

1987. Measurement of Ocean Depths by Acoustical Methods. . H. C. 
Hayes. (Frank. Inst., J. 197. pp. 323-354, March, 1924.)—The various 
devices previously developed are briefly reviewed and their principal 
limitations discussed. A simple explanation is given, based on the mutual 
cancellation of direct and surface-reflected rays, of the fact that the only 
sounds heard in a submarine sound-receiver located near the surface 
are the components that have been reflected from the sea-bottom, a wo 
methods, referred to respectively as the " Angle of Reflection Method 
and the " Standing Wave Method," are described, and serve for the 
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measurement of depths less than about 100 fathoms. In the first method 
the source of sound (e.g. the ship’s propeller) is at one end of the ship 
and two receivers are placed at the other end, at a known distance apart. 
By the employment of the human binaural sense, a position of equili¬ 
brium between the two receivers is determined, from which the length of 
path traversed by the sound waves, and hence the ocean depth, can be 
calculated. To compensate for shelving sea-bottoms, the transmitting 
and receiving devices are duplicated at the reverse ends of the ship, and 
a correction applied according to a formula given. In a refinement 
of this method a number of receivers are electrically connected to magnify 
the transmitted sound and to weaken local disturbing sounds. In the 
second method the sound transmitter is actuated by an alternating current 
of known variable frequency, which also actuates inductively one telephone 
of a two-telephone head set. The other telephone is connected with the 
output from the sound receiver. Having obtained binaural balance by 
adjustment of the frequency, the latter is gradually raised or lowered 
until binaural balance is again obtained, the depth being calculated from the 
frequency variation required to produce this effect. A third method, 
called the " Echo Method," serves for measuring any depth greater than 
about 40 fathoms. A continuous series of short sound signals separated 
by equal time intervals is sent out. a special device being employed by 
which the time interval can be varied and accurately determined, the 
general arrangement being similar to that employed in the standing wave 
method. Detailed comparisons of results obtained with those obtained 
by methods other than acoustical methods are given, and good agreement 
is shown. A. B. C. L. 

1988. Measurement of the Size of the Drops in an " Atomised " Liquid. 

F. HUusscr and G. M. Strobl. (Zeits. techn. Physik, 5. 4. pp. 154-157, 
1924.)—This is a quick technical method for the determination of the size 
of drops formed by an " atomising " device. It also gives information 
relative to the number of drops of a particular radius in any stream so 
that frequency curves may be plotted. A microscope cover slip coated 
with a suitable oil is passed rapidly through the stream under investiga¬ 
tion. Examined subsequently under the microscope, the droplets arc 
seen floating in the oil. and may be counted and measured in the usual 
way. A few curves are given relative to the formation of water drops 
in an air blast for different sizes of nozzle. A. A. D. 

1989. A Method of Drawing Metallic Filaments ; their Properties and 
Uses. G. F. Taylor. (Phys. Rev. 23. pp. 655-660, May, 1924.)—If 
a glass tube filled with a molten metal is placed in a tubular furnace or 
in a transverse hole through a heated copper rod and drawn out at the 
proper rate, metal filaments of almost any degree of fineness may be 
obtained down to a diameter of 10” 6 cm., or even less. The glass or quartz 
used must soften at a temperature between the melting- and the boiling- 
point of the particular metal. Filaments of Pb. Sb, Bi, Au, Ag. Cu, Fe, 
Sn, Tl, Cd, Co, Ga, and In have been made by this method. The glass 
envelope may serve as insulation or maybe removed, if desired, with HI-'. 
The filaments are very pliable, and have greater tensile strength than wires 
of ordinary size. The temperature coefficients of resistance were not found 
to differ markedly from those of the metals in bulk, and to be more con¬ 
stant. Metallic filaments made in this way have been used for resistance 
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thermometers, thermocouples, galvanometer suspensions, and hair lines 
for the eye-pieces of telescopes. Their use in micropiles, bolometers and 
the moving coil of both direct and alternating current galvanometers is 
suggested. Conducting quartz threads were made by drawing down a 
tube with a silver core. ., Author. 

1990. Capillary Mercury Lamp. J. H. Vincent and G. D. Biggs. 

(Journ. Sci. Instruments, l.pp. 242-246, May, 1924.)—Clean, dry mercury 
is poured into an open U-tube, one portion of which is a quartz capillary. 
When a direct e.m.f. upwards of 100 volts is applied by iron electrodes 
dipping into the mercury in each limb and the central part of the capillary 
is heated, an arc can be started and maintained in the capillary. The 
lamp takes very little current, and apparently lasts indefinitely. Details 
of construction and behaviour are given. G. A. S. 

1991. An All-Metal High-Vacuum Pump System. I. Backhurst 

and G. W. C. Kaye. (Phil. Mag. 47. pp. 918-929. May, 1924.)—The system 
described is a two-stage pump consisting of a mercury vapour jet pump 
in series with a mercury vapour condensation pump. The first stage pump 
is made of steel, all joints being welded; Mercury vapour from a boiler 
is discharged through a stream-lined nozzle situated in a throat between 
the space to be exhausted and a water-jacketed condensing chamber. 
The pressure in this chamber is kept low (2 mm.) by an ordinary piston 
pump. The condensed mercury returns to the boiler through a tube. 
This arrangement will produce a vacuum of less than 0 001 mm., and its 
" speed ” (as defined by Gaedc) is about 300 c.c./sec. The second stage 
pump is substantially as designed by Langmuir, and begins to operate 
when the first has reduced the vacuum below 0-03 mm. The speed of 
the system rapidly rises to about 6000 c.c./sec., and by careful adjustment 
of temperature this speed can be increased to 10,000 c.c./sec. Among 
the advantages claimed for the system are high speed ; absence of moving 
parts and vibration ; vapours are a9 easily pumped as permanent gases, 
so no drying or other reagents are required ; low running costs ; robust 
construction. W. G. B. 

1992. A Metal Annular-Jet Vacuum Pump. I; Backhurst and 
G. W. C. Kaye. (Phil. Mag. 47. pp. 101&-1020, May, 1924.)—On account 
of the difficulties encountered in the welding of the joints of the pump, 
described in a previous paper [see preceding Abstract], a new method of 
construction is described. The outer casing is made from a piece of 
weldless steel tube, and caps are screwed on the ends, the joints being 
made airtight by thorough copper and nickel plating. The use of an 
annular jet greatly increases its speed when functioning as a jet pump, 
though as a condensation pump its speed is restricted by the narrow 
width of the jet. The pump will readily produce a vacuum of 0*00001 mm. 
of mercury when working against a back pressure of 1 mm. at a speed vary¬ 
ing between 1000 and 7000 c.c./sec., depending on the back pressure. 

W. G. B. 

1993. Entrainment of Air by a Jet of Gas issuing from a Small Orifice 
in a Thin Plate. J.-S. G. Thomas. (Phil. Mag. 47. pp. 1048-1066. May, 
1924.)—In continuation of the work previously described [see Abstract 406 
(1924)],- the effect of restricting the supply of air is studied. The most 
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marked result is that the " aeration ” tends to become practically inde¬ 
pendent of the jet pressure, as the supply is more restricted, and at higher 
pressures the " aeration ” decreases as the pressure increases. W. G. B. 

1994. Elastic Limit and Strength of Crystals. A. F. Jofte, M. V. 

Kirpitcheva and M. Levitzky. (Nature. 113. pp. 424-425. March 22. 
1924.)—A preliminary communication to the PetTograd Academy of 
Sciences, not yet printed, is here summarized by the authors. Joffe has 
already [Abstract 1615 (1922)] described a method for observing the 
change of structure accompanying the residual strain of crystals and 
their elastic constants based on graphs obtained from X-ray observations. 
The elastic limit has now been measured at different temperatures and 
in different directions, and the results are given in a diagram. I he 
elastic limit of rock-salt becomes zero at the melting-point 810° C. The 
breaking tensile stress represented on one of the curves was examined, 
and no appreciable change of this occurs between — 190° and -f 650° C. 
The temperature dividing the brittle and the plastic state of the crystal 
depends upon -the kind of strain and the orientation of rock-salt. [See 
also Zcits. f. Physik. 22. 5. pp. 286-302. 1924.] J. J- S. 

1995. Valve Method of Detecting Minute Slipping in Metals. C. 

Handford. (Phil. Mag. 47. pp. 896-907. May. 1924.)—A small polished 
piece of metal is clamped against the polished face of the test-piece under 
observation, but is electrically separated from it. by a very thin sheet 
of mica. This forms the condenser of an oscillatory circuit connected 
to a thermionic valve, the inductance of the circuit being so chosen that 
the oscillation frequency is of the order of ten million. A similar circuit, 
containing a variable condenser in place of the test-piece, etc., is very 
loosely coupled to the former, and the condenser is adjusted until a 
heterodyne note is heard in the telephones in the second circuit (the 
rectified current from the valve of the second circuit is passed through 
a two-valve amplifier to make the note sufficiently loud to hear easily 
above the laboratory noises). The test-piece is then loaded, and as soon 
as any slip takes place, the distance increases between the test-piece and 
the piece of metal clamped to it. This alters the frequency of the first 
circuit, and hence the note in the telephones. Slip indicated in this way 
is shown to occur at lower loads— sometimes much lower loads—than is 
shown by the usual visual method. Full details of the method and 
calculations as to its sensitivity are given in the paper. J. L. H. 

1996. Electrical Registration of Tide Levels. J. de G. Hunter. (Journ. 

Sci. Instruments. 1. pp. 246-249. May, 1924.)—Of more use to mariners 
than the bare statement of height and time of high and low waters is 
information as to the times at which the water reaches given heights above 
a datum level. A device is described which can be fitted to a tide-predict¬ 
ing machine to record electrically the times at which such prescribed 
heights are reached, the record also showing whether the water is rising 
or falling. The device may be found useful on other machines where 
vertical motion is recorded against time or other abscissa. G. A. S. 

1997. Mean Distance Between Neighbouring Molecules in a Fluid . 
C. V. Raman. (Phil. Mag. 47. pp. 671-679. April. 1924.)—In connection 
with the theory of scattering of X-rays in fluids by Ramanathan and 
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himself [see Abstract 893 (1923)], the author found a knowledge of the 
mean distances between neighbouring molecules in a fluid requisite to 
the evaluation of their results. He could not find any satisfactory treat¬ 
ment of the subject. In this paper he points out defects in Gans's treat¬ 
ment [see Abstract 736 (1922)]. The author uses two distinct methods, 
both due to Boltzmann. In one of these his thermodynamic principle 
of Entropy-Probability is applied, and the chance that the nearest neigh¬ 
bour of a given molecule is situated at a specified distance from it is 
expressed in terms of the work done in creating a spherical cavity round the 
molecule in question. In the other one Boltzmann's Distribution Law 
is used. The expressions obtained from the two methods are formally 
analogous. Where A is the mean distance, n is the number of molecules 
in unit volume, and A is a number varying from 0-554 in the case of an 
ideal gas up to 1-12 for the closest packing, it is found that A = An" 1 /*. 
The value of A for the liquids dealt with varied from 0-8 to 1-0. For 
dense fluids, A is of the same order as the molecular diameter, but may 
be from 10 to 20 % greater. Fairly accurate values of A are obtainable 
by a very simple mathematical treatment. G. W. de T. 

1998. Interpretation of Surface Energy Data. G. M. Bennett. (Chem. 

Soc., J. 125. pp. 958-959, April, 1924.)—Reference is made to the widely 
accepted view as to the lack of general significance of the figure 2-12 
obtained by Ramsay and Shields as the mean value of the E6tv6s coeffi¬ 
cient for six liquids of molecular weights between 60 and 154, and it is 
pointed out that the explanation sought by Schenck and Kintzinger in 
discussion of higher values obtained by them for w-hexacosane, w-myricyl 
alcohol and w-hexacontane as exceptions to the Eotvos-Ramsay-Shields 
generalisation is unnecessary. A. B. C. L. 

1999. A New Principle in the Analysis of Periodicities. C.F. Marvin. 

(Monthly Weather Rev. 52. pp. 85-89, Feb., 1924.)—In the examination 
of data for periodicities the following principle must be noted : " The 
several terms of a limited and finite Fourier series do not necessarily repre¬ 
sent single or unique harmonic components of the data analysed, but 
each term may, theoretically at least, represent two or even several wholly 
independent components with widely different periods." The principle 
is illustrated by the consideration of some examples. It is shown that 
all periodicities in the original data, of shorter wave-length than the 
shortest to be expected, will tend to remain disguised as periods of long wave¬ 
lengths. Rules are given by which these spurious periodicities may be 
eliminated, and it is pointed out that sequences of wholly fortuitous 
numbers will always exhibit periodic features, and these, as well as all 
real commensurate periods, can be evaluated by the Fourier analysis 
or other devices. Only those features which consistently survive and 
emerge from every analysis can be regarded as real periodic features in 
any body of data. [See also Abstract 1371 (1924).] A. A. D. 

2000. Stability under Shearing Forces of a Flat Elastic Strip. R- V. 
Southwell and Sylvia W. Skan. (Roy. Soc., Proc. 105. pp. 582-607, 
May, 1924.)—The investigation is entirely mathematical, and is based 
on the usual approximate theory of thin plates. It relates to a uniform 
elastic strip upon which a uniform shear is imposed by tangential tractions 
applied along its edges. The results have some bearing on the stability 
of webs of plate girders, and it is shown that it is necessary to contemplate 
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the occurrence of elastic instability under stresses which the material 
would otherwise sustain without injury. The wave-length of the dis¬ 
tortion which is likely to occur depends on the breadth of the strip and 
not on its thickness. The design of light-metal constructional members 
of aircraft is conditioned mainly by considerations of stability, and it is 
important that their resistance to buckling should persist after the elastic 
limit of the material has been exceeded. Calculations are made under 
two assumptions as regards the constraints exerted on the edges of the 
strip : (1) " Simple Support.” in which no flexural couples are imposed, 
and (2) ” Clamping.” For each of these conditions the frequency of 
transverse vibration is determined in terms of the shear, and the non- 
dimensional results are presented graphically. It is deduced that a 
steel strip, having a ratio of breadth to thickness of 100 : 1, would be 
liable to buckle under shear stresses of 6-63 and 11-13 tons/sq. in. respec¬ 
tively for the two conditions considered. The corresponding wave-lengths 
of transverse distortion are 2-67 and 1-6 times the breadth of the strip. 
Methods are indicated whereby the fundamental solutions can be applied 
to the case in which the strip is subjected to uniform tension and compres¬ 
sion in addition to the shear. J. V. H. 

2001. Experiments on the Duration of Impacts. J. E. P. WagstafF. 

(Roy. Soc., Proc. 105. pp. 544-570. May. 1924.)—Experiments in which 
the time of impact for steel bars with rounded ends is measured, carried 
out to test the theories of Hertz and St. Venant, are described. The 
duration of contact is measured by determining the loss of charge of the 
plates of a condenser, the terminals of which are connected to the two 
impinging bars. The bars are supported by a four-wire suspension, 
capable of fine adjustment, as it is essential that they impinge in perfect 
alignment. The velocity of approach is varied by altering the distance 
through which one is withdrawn before release. From the results it is 
seen that a relation of the form t = At/” holds, connecting the time of 
contact, t, and the velocity of approach, v. The index n varies from 
— 0-24 for short rods to zero for long ones, showing that in the latter 
case the time is independent of the velocity, as demanded by the 
St. Venant theory. Further experiments, in which lengths and diameters 
of the bars are varied, led to a relation - 1/n = A + Kl/r, in which the 
first terra can be interpreted as representing the '* static ” Hertz theory, 
and the second the ” dynamic ” St. Venant theory. Finally, all the results 
can be-expressed by the formula, t = (Mr 2 /a + Bl)v n v- H -i, V being the 
velocity of sound in the material. Ve/ p, and a the radius of curvature 
of the ends. The M term is in the nature of an " end correction.” It is 
suggested by the fact that for long bars the formula becomes 1 • 3 //V 
that there is evidence of a wave-speed greater than V, due to its intense 
and adiabatic nature. W. G. B. 

2002. The Amplitude of Forced Torsional Vibrations in a Shaft. C. 

Platrler. (Comptes Rendus. 178. pp. 1362-1365. April 14, 1924.)— 
Obtains an integral formula for the amplitude of torsional vibration in a 
9haft of varying diameter subjected to periodic torque distributed along 
its length. W. G. B. 

2003. Torsional Resonance of Shafts. C. Platrler. (Comptes 
Rendus, 178. pp. 1143-1145, March 31. 1924.)—Introduces a symbolic 
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notation to facilitate the calculation of the frequencies of resonance of 
a shaft consisting of portions of various diameters, subjected to oscillating 
couples. W.G.B. 

2004. Rotation of a Sphere in a Rarefied Gas from the Point of View of the 

Kinetic Theory. G. Breit. (Phvs. Rev. 23. pp. 608-616, May, 1924.)— 
The analogous two-dimensional case is first treated. The method used 
is to replace the gas by a suitable model having a comparable mean free 
path, consisting of a number of concentric rough circles with molecules 
of negligible diameter traversing the intervening space and serving to 
transfer angular momentum from one circle to the next. The first order 
correction term in the expression for the mean free path is obtained, the 
moment on the model due to the rotation, and the corresponding coefficient 
of viscosity. The results are shown to apply to a two-dimensional gas, 
and arc readily extended to the analogous three-dimensional case, giving 
the moment of force L in terms of the ordinary hydrodynamic expression 
I-o. the mean free path A, and the radius r, namely, L = (l-3A/r)L 0 . The 
procedure used by Cunningham for the analogous translational case seems 
to be applicable here, even though its validity for the translational case is 
questionable. Author. 

2005. Dynamical Illustrations of Radiation Pressure and Adiabatic 
Invariance. T. H. Havelock. (Phil. Mag. 47. pp. 764-771, April, 
1924.)—The associated ideas of vibration pressure and of certain adiabatic 
invariants suggest a number of problems concerning simple dynamical 
systems with a moving constraint. The type of problem dealt with in 
this paper may be represented by the transverse vibrations of a string 
stretched at constant tension, one end being fixed and the other passing 
through a small hole in a plate which moves along the string with uniform 
velocity v. 

(1) In the case of a single particle attached to a light string, the equa¬ 
tion of motion is solved and an asymptotic expansion found for small 
values of v ; this is applied to demonstrate the adiabatic invariance of 
E/«, where E is the energy, and n is the frequency. Let C be the fixed 
point and CR the line of motion of the small hole R, and suppose the 
particle to move between smooth guides through C at right angles to CR 
for small motions this is analytically similar to the Rayleigh pendulum, a 
simple pendulum swinging under gravity with the length altering at a uni¬ 
form rate. (2) In the case of a uniform string, solutions are found which 
give a stationary node and a travelling node. An interesting applica* 
tion of this is the generalising of the result of Larmor’s well-known 
device for illustrating radiation pressure. By considering incident and 
reflected simple harmonic waves at a moving reflector, he obtained the 
pressure, p, of radiation in the form p = (c 2 — v 2 )e R /(c 2 -f- u 2 ). wh ? re 
c is the wave velocity, v the velocity of the reflector, and e R the density 
of energy in front of the reflector. Note that p and e R have in his analysis 
their average values for simple harmonic waves. It is here shown that 
Larmor’s equation holds good without any restriction to simple harmonic 
waves and average values of the quantities involved. (3) Similar 
solutions are indicated for plane electromagnetic waves between fixed 
and moving planes which are perfect reflectors. (4) As a simple case of 
a dispersive medium* the author considers the transverse vibrations of a 
uniform string under constant tension, each particle of which is attracted 
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to its equilibrium position by a force proportional to its displacement, and 
finds that Larmor’s formula in its generalised form holds good for a dis¬ 
persive medium, provided the dispersive property here attributed to the 
string can be regarded as adequately representing a dispersive medium. 
The author verifies the conclusion in the case of simple harmonic waves and 
average values. G. W. de T. 

2006. The Determination of the Crystal-Axes in " Single-Crystal ” 
Aluminium Bars by Means of X-Rays. A. Muller. (Roy. Soc., Proc. 105. 
pp. 500-506, May, 1924.)—The measurements were made in connection 
with the determination, by Taylor and Elam, of the position of the slip 
planes during extension, by geometrical observations. The method of 
defining the position of the lattice relative to a reference plane in the bar 
is described, together with the method of mounting to obtain the X-ray 
photographs and the manner of interpreting them. The spots on the 
photographic plate were as a rule very small at first, but. as the extension 
went on, the range of reflection frequently increased, and it was noticed 
that the size of the reflected spots became larger. Assuming that the 
material breaks up into small crystals, a rough estimate can be made, 
from the spot dimensions, of the angle between the surfaces of pairs of 
these small crystals. As these small crystal aggregates remain very nearly 
in the same average position after considerable extension, the test-piece 
can be still considered a single crystal. A scries of Lauc photographs 
showed the existence of relatively large crystals very near the edges 
where the samplo was broken. This shows that the edge, in spite of the 
violent distortion, is not in a completely amorphous state. H. N. A. 

2007. The Space Lattice of Triphenylmethane. K. Becker. (Zeits. f. 
Physik, 24. 1. pp. 65-68, 1924.) Note by H. Mark and K. Weissenberg. 
{Ibid. p. 68, 1924.)—This refers to a paper by Becker and Rose (Abstract 
1589 (1923)), in which the dimensions of the elementary cell were given, 
and it was found to contain three molecules. Mark and Wcissenberg 
obtained different dimensions, and according to these the elementary 
coll contains eight molecules. The author has repeated the measurements, 
using crystals supplied to him by Mark, and finds, first, that the crystals 
are of the same nature as those previously used by him; and second, that 
in the original measurements an error was made in measuring the distance 
of the photographic plate from the crystal; correcting for this the number 
of molecules per elementary cell becomes four, and the dimensions are of 
the same order as those of Mark and Weissenberg, except that their 
value for b is about twice as great as that now obtained. In their note 
Mark and Weissenberg explain that their value for b is confirmed by 
all the uneven numbered layer lines in the diagram taken about the b axis. 

H. N. A. 

2008. Magneton Numbers and Atomic Structure. J. Dorfmann. 
(Zeits. f. Physik, 23. 6. pp. 286-293, 1924.)—The paper attempts to .bring 
the empirically determined magneton numbers into relation with Bohr’s 
theory of atomic structure; quantum numbers are supposed to be in 
all cases whole numbers ; the space quantelation of the electron orbits is 
carried out in accordance with the original theory of Pauli. Atoms 
which, according to Bohr, have a closed configuration, a considerable 
degree of symmetry, are diamagnetic ; the closed groups consist of 2, 4, 6, 8 
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similar n k orbits; paramagnetism is observed when a group with an uneven 
number, 1, 3, 5, 7, of similar n k orbits can be assumed. In the iron group 
paramagnetism is found when the 3 lf 32. 3 3 orbit groups change gradually 
from a configuration 4-3!. 4-30,0-33 to 6-3i. 6-3 2 , 6-3 3 orbits, and vanishes 
as soon as the groups are closed. An orbit group with one electron has 
a magnetic moment which depends simply on the k number of the orbit; 
if, however, the groups have 3, 5. 7 orbits the magnetic moment depends 
not only on the k values, but also on the relative orientation of the orbits. 
The author assumes that with 2 p + 1 orbits, in an n k group, 2 p of them 
form a symmetrical diamagnetic complex, and the extra orbit produces 
paramagnetism, and gives the atom a moment of k units. If there are 
several asymmetrical groups the magnetic moment may be simply the sum 
of the moments due to the separate groups, M 2 = (M x + M 2 + . . . M,) z , 
or may be given by the equation M 2 = (M'f + M 2 + - M?); it is 
assumed that the first equation holds when the principal quantum 
number is the same for all groups, and the second when the values of n 
are different. The atomic moment Mb expressed in Bohr magnetons 
cannot exceed the sum of the azimuthal quantum numbers of the asym¬ 
metrical groups k l + k 2 + A 3 + . . . A, = Q k : in the iron family, for 
example, the n k groups 3 lt 3 2 , 3 3 and 4j may be asymmetrical; if they 
are all asymmetrical, and the moments simply add Mb = Q* =* 1 + 2 
+ 3 + 1=7; in Weiss magnetons this corresponds to — 38 • 6, the 
maximum observed value being 29-30-4. Orbit configurations have 
been worked out for the different ions of the iron group of elements 
which give nearly equal values for the observed and calculated values of 
the magnetic moment; the same has been done for the ions of the rare 
earths, though here the observational material is by no means complete. 

h; N. A. 


2009. Geometrical Introduction to General Relativity Theories. G. 
Darmois. (Ann. de Physique. 1. Ser. 10. pp. 5-88, Jan.-Feb., 1924.)— 
The paper is prefaced by some introductory definitions and explanations 
of the general nature of the Gauss-Riemann geometry of hyperspaccs, 
after which the subject is developed in five sections. (1) The concept o 
an invariant is introduced, especially in the tensor form, which is the 
natural outcome of the discussion of multilinear forms in the relation to 
the coordinates of points or hyperplanes in the domain of points infinitely 
near to a given point. From this follows naturally the classical tensor 
theory. (2) The Einstein introduction of the quadratic form leads 
directly to various types of tensor essentially the results of a transformation 
of straight lines into polar planes with respect to a second order cone. 
Geodesics and parallel hypersurfaces are discussed, and the definition o 
parallel displacement leads rapidly to the definition of the Riemann - 
Chris toff el tensor and then to Einstein's gravitation tensor. (3) Apph ca 
tions are made to ordinary surfaces, then to hyperspaces. Riemann 
coordinates are considered, and a second fundamental quadratic form 
which appears to fulfil an important r61e in existence theorems of Einstein s 
equations. (4) Here is developed especially the form taken by Einstein s 
equations in Gauss coordinates, formed by geodesic normals to a su 
space. Hence are established the existence theorems of the equations 
the exterior problem in an important case. (5) Gauss coordinates are 
here applied to quadratic forms possessing spherical symmetry. Hence 
are obtained very simple solutions of problems derived by Schwarzschu 
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from the ordinary equations, and by Weyl, Eddington and Chazy for 
the complete equations of the external problem. The internal problem 
responds to similar treatment. G. W. de T. 

2010. Physical Basis of Relativity. N. Spampinato. (Accad. Lincei, 

Atti, 33. i. pp. 132-136, Feb. 17, 1924.)—The Lorentz transformations 
used in relativity are methematical concepts merely, independent of 
effective consideration of the singular cases of translatory motion of 
the two systems k and k'. This is not much in favour of the solidity of 
the physical bases of the Einsteinian theory. A. D. 

2011. The de Sitter World. M. v. Laue and N. Sen. (Ann. d. Physik, 

74. 3. pp. 252-254, May, 1924.)—The spherical symmetrical solutions of 
the gravitational equations for given tensor components have been already 
given [see Abstract 1405 (1924)), and from them and the general con¬ 
ditions of instability the gravitational field of a spherical shell (with a 
surface coating of matter) has been derived. The A-term, however, was 
completely ignored for this purpose, and the present mathematical paper 
discusses the de Sitter world which obtains by the re-introduction of this 
term. This world is now established as the limiting case of the gravita¬ 
tional field within a spherical shell, and if only positive values are required 
it is found immaterial what value is given to the mass density on the 
spherical surface. H. H. Ho. 

2012. Diverse Significations of "Velocity” in Relativity Theory. 
L6meray. (Comptcs Rendus, 178. pp. 1145-1148, March 31, 1924.)—in 
Newtonian mechanics, suppose several planets of equal energy densities 
to pass successively through a point in the sun's gravitation field without 
sensibly affecting it, they will pass through it with equal velocities, inde¬ 
pendent of the direction ; so that if a vector be drawn from that point, 
always equal to the velocity in its direction, the locus of its other end 
will be a sphere. Moreover, the tangential and radial velocities are every¬ 
where uniquely defined. In the Einstein relativity theory either of these 
velocity components, and. of course, the total velocity, may be uniquely 
defined as having the value determinable by a local effective observer, 
that is to say, by an observer who, at the moment of observation,is immobile 
but subject to the gravitation field, so that he himself and his measuring 
instruments—such as rules, graduated circles, clocks, etc.—are subject to 
the Lorentz transformation. To secure the temporary immobility, the 
author places his observer at the apex of a radial trajectory, which also 
simplifies Schwarzschild’s equation for ds*. which is then integrated by 
the usual variation S/rfs = 0 . and derives the radial and transverse 
velocities (so called) in the usual manner. The author calls these the 
theoretical values. The spherical locus of Newtonian mechanics, referred 
to above, is then replaced by an oblate spheroid. 

But the observational values are also directly calculated, and they 
are found to be equal, giving a spherical locus as in Newtonian mechanics. 
He deduces, further, the important result that, while the theoretical values 
vary from point to point in the sun’s gravitation field, the observational 
values give a rigorously invariant value everywhere in the sun's field. The 
author points out that it is therefore incorrect to speak of the bending of 
a light ray in the sun’s field. Even if this explanation were employed 
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in relation to the theoretical values it would be incorrect, for the velocity 
would then vary with the radial direction as well as the radial length. 

G. W. de T. 

2013. A Stationary Cosmology in the Sense of Einstein's Gravitation 
Theory. K. Lanczos. (Zeit. f. Physik, 21. 2. pp. 73-110, 1924).—In 
the general relativity theory a universe is stationary when its measure¬ 
ment-coefficients are independent of the time, provided we have a co¬ 
ordinate system in which the mean measurements are constant. The 
proviso is essential, since time is proper time and not in itself an invariant. 
Points where there is no matter may be explored by finding whether a 
test body of vanishing mass would be in equilibrium there. The necessary 
and sufficient condition for this is that the time lines should be geodesics. 
De Sitter's statical solution of the cosmological equations does not give 
a stationary universe, nor does Schwarzschild's; there is no general 
stationary solution which is at the same time spherically symmetrical; 
and Einstein’s cylindrical universe is, so far, the only stationary universe. 
But this implies that the average density of distribution of matter, and 
therefore the total mass of the universe, shall have a determinate value, 
which appears not to be an admissible assumption. The author works 
out a solution which does not involve any relation between the mass 
and the cosmological constants. It is a type solution for the greatest 
possible degree of symmetry ; the coefficients of the tensors depend upon 
x only, and g ., 3 =* 0, go 4 — 0; but it opens up a wide outlook. In a stationary 
universe the mass-density must everywhere be positive, and it can 
never be less than that of an Einsteinian cylindrical universe. Numerous 
consequences, including re-entrant light-paths and possible astronomical 
phenomena, are traced out. [See Abstract 1052 (1923).] A * D. 


METEOROLOGY AND GEOPHYSICS. 

2014. Polar-Front Theory. A. Defant. (Meteorolog. Zeits. 41. 

pp. 1-9, Jan., 1924.)—The theory of the motion of a cold mass of air 
over a fixed plane surface through warm air is worked out. ^he form 
of the surface of discontinuity for a stationary mass is determined. A 
construction is given for determining the form of an advancing or retrea 
ing mass, and diagrams illustrating the periodical variation in the polar 
basin with the corresponding extension of the polar front southwar s 
arc added. [See Abstract 1708 (1924).] . W- A - K ' 

2015. The Selective Absorption of the Atmosphere Observed at Pic du 
Midi. J. Baillaud. (Comptes Rendus, 178. pp. 1834-1836, May 2 , 

1924.)_Determinations of the atmospheric absorption have been came 

out at the Pic du Midi Observatory in 1920 and 1921. Two different 
instruments were used, but simultaneous photographs of the two luminous 
sources were obtained with each. The results obtained may be divi 
into two groups : (1) Results in agreement with those obtained by mos 
other investigators; (2) results in agreement with those obtained y 
Fabry and Buisson. The latter show an absorption band in the ultr 
violet around A = 380 m/x; it is suggested that this absorption is cause 
by the water-vapour present, but only occurs when the latter is *n 
unstable state preceding condensation. A< w * 

vol. xxvii.— a. —1924. 



GENERAL PHYSICS. 


711 


2016. Atmospheric Pollution. (Meteorolog. Office. Air Ministry, M O. 

260. [69 pp.]. 1924.) W. R. C. 

2017. Atmospheric Polarisation. N. N. Kalitin. (Meteorolog. Zeits. 
41. pp. 9-15, Jan., 1924.)—Results of observations made at Pawlowsk 
Observatory on the dependence of polarisation on the transparency of 
the atmosphere are given in this paper. The correlation between the 
intensity of solar radiation and the amount of polarisation is high 
and positive. Cloudiness has a disturbing effect, and it is clear that 
for comparisons observations should be made with a clear sky, or at least 
only light, high clouds should be present. The effect of a layer of snow 
on the ground is to reduce the amount of polarisation by the interference 
of the light reflected. There is also a clear dependence of amount of 
polarisation on the weather type. For the district concerned polarisation 
is a maximum for a north wind and a minimum for a south wind. 

W. A. R. 

2018. Diurnal Variation of Atmospheric Pressure at Eskdalemuir and 
Castle O'er, Dumfriesshire. A. C. Mitchell. (Roy. Meteorolog. Soc., J. 50. 
pp. 127-135, April, 1924.)—The hourly values of atmospheric pressure 
at Eskdalemuir Observatory. Dumfriesshire, for the ten years 1911-20 
have recently been reduced, and the mean diurnal inequalities obtained 
for each month of the year and for each year, as well as the harmonic 
components of these as far as the fourth term of the series. The 
present paper contains a comparison of these results with corre¬ 
sponding figures given by Chree (ibid. 37. p. 325. 1911) derived from 
the records from a Richard barograph at Castle O'er for the seven years 
1902-08. Both stations arc situated in the valley of the Esk, and they 
are 9-6 km. apart. The two sets of results show very considerable dis¬ 
crepancies, and the cause of these is discussed. The possibility of different 
geographical position and local topography being responsible is ruled out. 
as is also the fact that the records are for different series of years, and the 
different results are attributed to imperfect temperature compensation 
in the Castle O’er barograph (which stood on a mantle-shelf above a fire¬ 
place in a sitting-room). 

The publication of such a detailed comparison of the pressure records 
at contiguous stations is justified because of the importance of a high order 
of accuracy in the results used in building up a theory of the diurnal varia¬ 
tion of atmospheric pressure, and in this connection the author does not 
think that the Castle O’er record can be accepted as representative of the 
area in which that station is situated. M. A. G. 

2019. Comments on the Law of Pressure Ratios. F. J. W. Whipple. 

(Monthly Weather Rev. 62. pp. 94-95, Feb.. 1924.)—The law of pressure 
ratios may be expressed by the equation pjp t = (a . po/pi) + b [see 
Abstract 774 (1924)]. From a study of the correlation between the average 
temperatures in the layers considered, the author concludes that the value 
of a cannot exceed 2- 34 ; consequently the values obtained for Groesbeck 
and Leesburg (2-58 and 2-76) require verification. If these values are 
neglected, the application of the formula becomes more general, since the 
variation of a from place to place is much smaller. A. W. L. 

2020. Method of Forecasting Cloud and Rain. L. Petitjean. 
<Comptes Rendus. 178. pp. 1380-1381. April 14, 1924.)—Outlines 
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briefly, without actual examples, a graphical method of determining the 
movement of zones of precipitation such as are associated with the dis¬ 
continuities of Bjerknes, using as a basis synpotic charts giving the dis¬ 
tribution of surface wind. M ^ q 

2021. The Probability of Rain. L. Besson. (Comptes Rendus, 178. 
pp. 1743-1745, May 19, 1924.)—Observations at Montsouris for a period 
of fifty years give 9580 rain days in this period ; thus, if the occurrence 
of rain on the previous day is neglected, the probability of rain on any 
day is 0-525. The probabilities of rain, when it has rained for periods 
from one to thirty days previously, have been computed ; this proba¬ 
bility is 0-704 when the previous day has been rainy, and increases to 
0-8 when it has rained on the preceding fifteen days. For longer rainy 
periods the probability appears to decrease, but this may be caused by 
the small number of such periods in the observations. Values of p, the 
general probability of a rain day, p x , the probability of a rain day when 
the previous day has been rainy, and of R, the coefficient of persistence, 
(R = {p\ — />)/! — Pi), have been calculated for each month; the 
deviations from the annual mean values for the whole period are small. 

A. W. L. 

2022. Relations between Magnetism and the State of the Atmosphere. 
A. Nodon. (Comptes Rendus, 178. pp. 1378-1379, April 14, 1924.)—A 
brief statement, without supporting data, that there appear to exist 
sufficiently close relationships between the variations of the intensity 
of terrestrial magnetism and the state of the atmosphere (particularly as 
regards temperature) to make it likely that the accuracy of general and 
local meteorological forecasts could be sensibly increased by the use of 
magnetic observations in conjunction with the usual meteorological ones. 

M. A. G. 

2023. Solar and Terrestrial Radiation. A. Angstrdm. (Roy- 

Meteorolog. Soc., J. 50. pp. 121-126, April, 1924. Report to the Inter¬ 
national Commission for Solar Research on Actinometric Investiga¬ 
tions of Solar and Atmospheric Radiation.)—Continuous records of the 
total radiation received from the sun and sky have been obtained at 
Stockholm since July, 1922. From these the annual and daily variation 
of the radiation received may be obtained, and as the direct solar 
radiation may be computed from the time of sunshine, the variation, 
both of the direct and of the diffused radiation, is known. The total 
amount of radiation received during the day, Q,, may be expressed in 
the form : Q, = Qo(0*25 + 0-75 S), if Qq is the amount on a perfectly 
clear day, and S is the time of sunshine expressed as a fraction of the 
greatest possible time. The total radiation received is a minimum m 
the afternoon of days when the sky is less than half-covered with cloud, 
and a maximum in the afternoon of overcast, or nearly overcast, days, 
this is due to the operation of convection. ^ .< 

The nocturnal radiation has been measured at stations where the 
temperatures ranged from — 30° C. to + 30° C. The results obtained show 
that the radiation from a black surface at a temperature between these 
limits may be divided into three groups of waves : (1) About 26 % t"® 

radiation passes through the atmosphere without absorption, and is 
independent of the thickness of the atmosphere and the amount of water' 
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vapour it contains; (2) about 50% is totally absorbed by a thin layer 
of the atmosphere, probably in the lowest 30 m. at ordinary vapour pres¬ 
sures; (3) about 25% is subjected to a variable absorption, depending 
chiefly on the amount of water-vapour present. A. W. L. 

2024. Meteorotogical Perturbations of Sea-level and Tides. A. T. 
Doodson. (Roy. Astron. Soc.. M.N. Geophys. Suppt. 1. pp. 124-147, 
April, 1924.)—Statistical formula for the correlation of wind, pressure 
gradient and sea-level are worked out. and the results applied to two 
stations—Newlyn and Liverpool. The variations at Liverpool are on 
a greater scale than those at Newlyn, especially in the case of wind effects. 
This scale relationship appears to exist even after corrections to sea-level 
have been made, and suggests that the residual effects are due to a common 
law not covered by the fomul* used. Increased correlation between 
pressure gradients and sea-level at Liverpool over Newlyn is accompanied 
by a decreased correlation between pressure and sea-level. An investiga¬ 
tion into time lags and the effects of Atlantic conditions is also undertaken. 
A high barometer makes high-water at Newlyn earlier than would be 
anticipated. WAR 


c ^OiS D.sInbul.on of Earth Density. H. Jeffreys. (Roy. Astron. 
Soc.. M.N. Geophys. Suppt. 1. pp. 121-124, April, 1924.)-Radau's 
transforn.at.on .s apphed to test the theories of the distribution of density 
within the earth. W.echert's discontinuous zones are theoretically 
impossible it is an extreme case in which all variation takes place at the 
discontinuities. Laplace's and Roche's hypotheses represent the other 
extreme in which the variation is continuous. The actual variation is 
probably intermediate in character, and the Radau approximation having 
been proved valid for extremes is probably correct for actual cases. 

W. A. R. 


/t> 202 a 6 ' Eatt t Skrinka * e and Diminishing Rotation. R. Stoneley. 
ir°^' A f tr ° n ‘ S0 ^.* M,1 J- Gc °Phys. Suppt. 1. pp. 149-155. April, 1924.)— 
Diminishing centrifugal force due to the slowing down of the earth's 

In^stT^nnr!? X quah * atlve,y competent cause of orogenic movements. 
Investigation of the conditions shows that the tangential stress differences 

lacL Th “ft ‘‘I™*, ‘I 11 ’** t,mCS “ grcat “ the s ^ength of the surface 
. \ he effe f* 8 of »ong-continued action and heterogeneity must be 

ll 9 ,n n°h C ? erat, , 0n ’ and then * wouId a PP car that Httle or no 
mountain building could arise from the cause postulated. W. A. R. 


v* *°* 7, Earth l u ake Periodicity. H. H. Turner. (Roy. Astron. Soc.. 
M N. Geophys. Suppt. 1. pp. 105-120. April. 1924.)—An inequality period 
ot four years was noticed in Jamaican earthquakes. The long series for 
China and Japan gave together a mean of 3-983 years, and, since no other 
series is so long, this has been adopted for use. Other localities indicate 
similar period, and when tabulated a regular march in latitude is clearly 
seen. The most suitable hypothesis seems to be a regular travel of 
, _ e ra J ximum * rom the South Pole to the North in a four-year cycle, 
lagnetic results were also examined, and the period affecting them is rather 

nine year9 ' and must have a different origin. [Abstract 1335 
(1923).] . . W. A. R. 
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2028. Molecular Roughness of a Mercury Surface. R. Gans. (Ann. 
d. Physik, 74. 3. pp. 231-251, May. 1924.)—Owing to thermal oscillations 
a mercury surface is not perfectly plane. The reflection and scattering 
of light from such a surface is dealt with mathematically. A. A. D. 

2029. Light Absorption in Space. A. Kopff. (Zeits. f. Physik, 

23. 6. pp. 411-416, 1924.)—This paper is a detailed reply to Kienle’s 
criticisms [see Abstract 1113 (1924)] of the author’s former paper on 
Light Absorption in Space [see Abstract 53 (1924)]. The latter, in con¬ 
cluding his reply, expresses the opinion that the differences between 
them had arisen from mutual misunderstandings, and that his present 
paper will have cleared these away. G. W. de T. 

2030. Approximate Refractive Index of Liquids by Means of a Micro¬ 
scope. C. C. Kiplinger. (Chem. Soc., J. 125. pp. 963-965. Apnl, 
1924.)—If a small spherical lens be placed in contact with a microscope 
slide, the lens brought under the objective, and the whole system focussed 
on an object 1 or 2 feet away from the microscope, the introduction 
of a drop of liquid between the spherical lens and the slide causes a cl J aI, 8® 
in the focus of the optical system. The magnitude of this change being 
approximately proportional to the refractive index of the liquid introduced, 
the value of the index may be inferred from the change produced by a y 
given liquid as compared with that produced by a convenient liquid o 
known index. A convenient method for making the spherical lens 

described, and the results of some measurements made by the: met 

T, W. !• ”• 

are given. J 

2031. Improved Radiometer Construction. J.D.Tear. flMiys. Rev. «• 

pp. 641-648. May, 1024.)—The sensitivity ol the Nichols radl0 ” c ‘ e . 
increased by a factor of five by attaching " pearled mica shields 
diately behind the vanes. Optimum spacing of vane and shield was J 
mentally determined. Further increase in sensitivity was * 

increased lightness of construction and by choice of dmiens.onstmd 5 

conditions. Deflections were found proportional to energy, and . th 
tivity per unit area proved independent of vane width for vanes> 

1 • 5 X • 5 mm. The most efficient fibre was found to be one whiebP 
a half-period equal to the desired deflection time, and the best gaspr . 
that which gives critical damping. The sensitivity obtained I- 

watts/cm. 2 for 1 mm. deflection. Thin platinum films make good aM 
ing surfaces for radiometer vanes. Absorption of long for a 

thin platinum films was found to reach a sharp and high maximum 
definite thickness, which, however, varies with the wave-length 

2032. The Effective Wave-length in White-light InU, J"°^ e J^jal 
Allison. (Astrophys. J. 59. pp. 210-227, May, 1924.) A fe 

theory of the form of the interference fringes from a single so ^ 
developed. The theory is then illustrated by some computed 
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It is shown how this theory can be combined with experiment for the 
purpose of obtaining the effective wave-length for any double star of 
known black-body temperature. Good agreement is found between the 
values obtained by the present method and Anderson's experimental 
value for sunlight. . , Author. 

2033. ’ The Optical Refraction in Gases in the Spectral Region between 
5782-2442 A.U. B. Quarder. (Ann. d. Physik, 74. 3. pp. 256-274, 
May, 1924.)—Exact dispersion data for mono- and poly-atomic gases 
are of great importance for the extended development of the quantum 
and modern atomic theories. The present paper investigates to what 
extent in the ultra-violet region measurable interference bands can be 
obtained by means of the Michelson interferometer using fluorspar plates. 
A limit of about 2400 A.U. was reached. Very complete apparatus and 
procedure details are included. The dispersion of dry air free from 
carbonic acid was determined between 6782-1618 A.U. and of argon 
between 5782-2442 A.U. The experimental data expressed as dispersion 
formula are:— 

Air : v 0 . 10^ = 2879 -87 + 18-04 X 10*/A* 

Argon : u 0 . 10? = 2778-26 + 15-88 x lO^/A 2 . 

‘ H. H. Ho. 

2034. Optical Dispersion and Selective Reflection, with Application to 

Infra-red Natural Frequencies. T. H. Havelock. (Roy. Soc., Proc. 
105. pp. 488-499, May 1. 1924.)—In a previous paper [see Abstract 836 
(1912)) the author gave a comparison of the maxima of absorption and 
reflection as deduced from optical dispersion formula of various types. 
Exact equations, together with approximate solutions, were found for 
the maxima of h and of nk, and for the minima and maxima of n. The 
maximum of reflection was found by numerical and graphical methods 
in certain cases, both in the ultra-violet and in the infra-red. , The infra¬ 
red frequencies of substances like rock-salt are of special interest in view 
of the various methods now available for estimating them from the 
view-point of crystal structure. The frequencies so calculated have gener¬ 
ally been identified with the frequencies of the residual rays in the same 
region. Thus Born, using the dynamics of a simple crystal lattice, com¬ 
pared the natural wave-length with the maximum of selective reflection 
as given by residual rays ; later, allowance was made for the difference 
between these wave-lengths, and an approximate formula given by 
Fflrsterling was used in making the correction. In this paper the author 
extends his previous study of dispersion formula! by obtaining an exact 
equation for the maximum of selective reflection in terms of the constants 
of the formula ; in addition, a simple approximate solution of the equation 
is given. It appears, incidentally, that the approximate formula due to 
FOrsterling is incorrect. The results are applied in the first place to a 
study of various dispersion formulae for rock-salt, sylvin, and fluorspar. 
^Further, assuming the data of crystal dynamics, some calculations are 
made to show to what extent the results affect the comparison between 
the resonance wave-length so obtained and the wave-length of residual 
rays. H. H. Ho. 

2035. On the Image produced by a Thin Exactly Normally Incident 
Pencil upon a Refracting Spherical Surface Cut by Perpendicular Axial 
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Planes. M. Sundquist. (Zeits. Instrumentenk. 44. pp. 198-217, May, 
1924.)—This paper is entirely geometrical, and treats the above problem 
very fully as a contribution to experimental optics. The mass of mathe¬ 
matical detail renders an abstract impracticable. H. H. Ho. 

2036. The Permeability of Synthetic Resin to Infra-red Radiations. 
G. Kimpflin. (Comptes Rendus, 178. pp. 1709-1711, May 19, 1924.)— 
The behaviour of the synthetic resin obtained by condensation of phenol 
under the action of formic aldehyde by Baekeland’s method (bakelite) 
has been investigated. The transparency in the infra-red varies with 
the nature and proportion of the substances mixed with the bakelite; 
it varies inversely as the thickness of the plate used. The following are 
the observed transparencies for plates 5 mm. thick : Pure bakelite, 35 per 
cent.; bakelite containing colloidal iron (2 parts in a 1000 of ferric 
chloride added before polymerisation), 34 per cent.; bakelite with 10 per 
cent, of manganese dioxide, 6-7 percent.; bakcliscd paper, 17 per cent. 
A plate of ebonite 6 mm. thick transmits only 3 per cent. It is possible 
that bakelite may be of use in several technical cases ( e.g. signalling with 
infra-red light). Erratum (Ibid. p. 1931, June 2, 1924.) H. N. A. 


2037. Optical Collineation without Reference to Metrics. L. Silber- 

stein. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 675-680, 
May, 1924.)—A generalised treatment of the Mdbius-Abbe optical collinea¬ 
tion, in which the optical problem is treated entirely by the methods of 
projective geometry so that the investigation is independent of the usual 
metrical concepts of length or angle (and therefore also of parallelisni 
or orthogonality), and, in particular, of the metrical nature of the 
hypothecated space. J. W. T. W. 

2038. Spark Apparatus. C. Leiss. (Zeits. f. Physik, 23. 5. p. 333, 
1924.)—In work with spark spectra it is frequently desirable to use sparks 
between different electrodes in quick succession. An instrument is 
described which enables eight separate pairs of electrodes to be used m 
quick succession without altering the position of the spark relative o 
the collimator slit. 


2039. Properties of Optically Active Media. H. Chipart. < Co ”? p *? 
Rendus. 178. pp. 1532-1634. May 5. 1924.)—Mathematical. J. W. T. W. 

2040. A Primary Standard of Light. H. E. Ives. (Frank. Ins jj 
J.' 197. pp. 147-182. Feb., and pp. 359-400. March, 1924.)—A reauy 
satisfactory primary standard of light has not yet been produced. 

is required is in general some source of luminous energy whose construct! 
can be accurately specified and reproduced, and whose luminous outp 
shall be fixed by the specified construction with a definiteness comp .“ 
able with the accuracy attainable in the best methods of photomc 

measurement. . j^jpn 

This paper gives a full account of the development of a special u b 
of platinum black body and a study of its performance. A complete t 
-of 69 observations is described, both visual and photoelectric. * 
final value the visual and photoelectric series are given equal w b’ 
leading to the following value for the brightness of the platinum dc**/ 
at its melting-point: b = 65-40 ± 0-11 candle-power per sq. cm. ^ 
performance of a cylindrical form of black body made of platin 
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certain specified dimensions, and observed at its melting-point, is compared 
with the behaviour of the only practical flame standards, the Hefner and 
pentane lamps. The new platinum standard, considered from the stand¬ 
point of precision of setting, is notably better than the flame standards. 
One great advantage over any flame standard which it possesses is its 
freedom from atmosphere influences, since both the pressure and humidity 
ranges in the atmospheric are too small to affect the melting-point of 
platinum to an observable extent. Next, the relative simplicity of this 
standard is to be considered, and its easy reproducibility. It is very 
much simpler than the pentane lamp, though not so simple as the Hefner 
lamp. The last point to be considered is the suitability of the light from 
the platinum black body for accurate photometric measurement. In 
respect to colour, the condition is ideal, because of the match with the 
carbon incandescent lamp maintaining standards. Moreover, as regards 
intensity, the new standard leaves little to be desired. Granting the use 
of a suitable photometric procedure, the platinum black body meets the 
requirement of being easily and accurately measurable. Two sources of 
error, which are readily apparent, may be expected to make the measured 
brightness lower than for a true black body. These are : Deviation of 
the platinum surface from true specular character, whereby the practically 
complete blackness indicated by calculation is not attained ; and irregu¬ 
larities of temperature around the cylinder, which will melt at the point 
of highest temperature, while the emission will be a function of the average 
temperature. The platinum black body described forms a new kind of 
standard '* lamp,” and it is also a realisation of the proposal of Waidncr 
and Burgess which was the inspiration of the work. The paper is fully 
illustrated by numerous diagrams, reproductions of photographs, and 
tables giving the results of the observations made. J. J- S. 

2041. Auto-Registering Optical Micrometer for a Prism Astrolabe. 

R. Baillaud. (Comptes Rendus, 178. pp. 1472-1474, April 28. 1924.) 
—Near the objective.of a telescope, and between the objective and the 
eye-piece, two sheets of glass, of the same thickness and index of refraction, 
and with their faces plane and parallel, are placed perpendicular to the 
vertical plane passing through the vertical optical axis of the telescope. 
The first is movable round the horizontal axis situated in its plane ; the 
second is fixed. The author describes the means by which personal 
equation, unequal refraction, and other systematic errors may be obviated 
by this device, as in a meridian instrument by means of a micrometer 
with a movable thread. A. S. D. M. 

2042. New Type of Photometric Disc. E. Karrer. (Optical Soc. 

of America, J. and Rev. Sci. Inst. 8. pp. 541-543, April, 1924.)—Two 
small synchronous motors are used, upon the axes of which are mounted 
the two discs, these having their planes parallel and their axes in line. 
The motors are operated from the same circuit, and so the discs run in 
unison. One of the motors is mounted so that its stator may easily be 
tuned through any angle. In this way the relative aperture through the 
two discs may be varied whilst they are running. A - A - D - 

r 2043. Measurement of Visibility. A. Wlgand and K. Genthe 
(Phys. Zeits. 25. pp. 212-223, May 1, 1924.)—Describes a development 
of the instrument previously described (see Abstract 1000 (1919)]. with 
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particular reference to (a) the evolution of empirical formulas to render 
the measurements independent of the distance or size of the target, (6) the 
determination of the amount of variation likely to be introduced into the 
measurements by the use of a telescope or by uncorrected defective 
vision in the observer. j 

2044. Formula for Oblique Focal Distance in Terms of Magnification. 
[Miss] A. Everett.. (Phil. Mag. 47. pp. 864-873, May, 1924.)—Gives 
a formal proof of T. Smith's formulae for finding the position of either 
member of a pair of conjugate primary foci, in terms of the magnification, 
on a ray traced through a coaxial lens system [see Abstract 926 (1918)]. 

J. W. T. W. 

2045. A New Tri-Colour Mixing Spectrometer. F. Allen. (Optical 

Soc. of America, J. and Rev. Sci. Inst. 8. pp. 339-341, Feb., 1924.)— 
The new instrument, of which a brief description is given in this communica¬ 
tion, is a combination in part of the colour-mixing spectrometer described 
by Helmholtz (Physiol. Optik, 3rd Ed. f 2. p. 333), and of the Hilger wave¬ 
length spectrometer. The plan of the instrument is shown in detail in 
two figures. It was designed and constructed from the author's sketch- 
plans by Adam Hilger. Ltd. J. J. S. 

2046. The Deneze-Wolf Fibre Polar Planimeter. K. Oltay. (Zeits. 

Instrumentenk. 44. pp. 217-229, May. 1924.)—In the leather industry 
it is necessary to know the surface content of separate pieces of leather 
of irregular shape, and planimeters are employed for this purpose. The 
Bcncze-Wolf planimeter, now described in detail, is a type of polar 
planimeter with variable arm length, and differs from types hitherto in 
use by the provision of a steel flexible fibre in place of the rigid arm, and 
by conducting the final measurement at the circumference of the test-piece. 
The principle of the instrument is fully described and accompanied, by 
eleven illustrations. Tables of data are included to emphasise the 
accuracy and utility of the instrument. * H. H. Ho. 

2047. Automatic Feeder for Coloured Flames. J. J. Manley. 

Mag. 47. pp. 859-864, May, 1924.)—The flame of a Meker burner plays 
upon a portion of the circumference of a platinum ring which rotates in 
a horizontal plane in contact at another part of the circumference with 
a salt-charged wick. The spurting due to an unrestricted flow of salt 
solution to the flame is thus avoided, and a steady, brilliant coloured flaine 
results. The rotation of the ring is accomplished by means of a vane 
system operated by the convection currents from the burner. O, A- S. 

2048. An Investigation of the Field in a Hand Telescope by the Method 
of Banded Images.. A. Wetthauer. (Zeits. Instrumentenk. 44. PP* 

198, May, 1924. From the Reichsanstalt.)—The quality of the telescopic 
field, deteriorates from the centre towards the edge, and this becomes 
pronounced/or great magnifications. The present paper contains a cjuanti-v 
tative investigation of the errors which arise in the field of view, and ft 1 : 
this purpose the method of banded images has been employed photographi¬ 
cally,-[see Abstract 116 (1932)].,- The paper, which is amply illustrated, 
is so lull: of experimental detail as to necessitate the original being consulted 
for. an adequate account. . . . \ 
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2049. Opaque Illuminators for High-Power Microscopes. C. Beck. 
(Joum. Sci. Instruments. 1. pp. 238-242, May, 1924.)—The author describes 
two new forms of illuminator for the examination of opaque objects by 
high powers. The aplanatic ring illuminator is shown in Fig. 1. A form 
of annular mangin mirror is used to concentrate light on the object. This 
type of illuminator is adapted to oil immersion object glasses by con- 



Fio. 1. 



Fig. 2. 


structing the whole front mounting in glass instead of in metal. This 
form is shown in Fig. 2. A new form of variable vertical illuminator with 
interchangeable mirrors is also described. The relative advantages of 
the two systems, vie. vertical illumination and outside illumination 
are discussed. The latter system is free from glare or ghosts, and it is 
preferable when the object is mounted on glass. J. W. T. W. 

2050. Quartz Spectrograph for Wave-Lengths to 1850 A. E. O. Hulbert. 

(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 707-709, May, 
1924.)—This is a description of a quartz spectrograph mounted in the 
Littrow manner. The prism of angle 30° is backed by a reflecting surface 
of mercury. The spectrum length from 2800 to 1850 A. is about 77 mm. 
Various practical points are touched on, and the performance of the 
instrument is illustrated by two photographs. A. A. D. 

2051. The Measurement of Transmission of Light in Instruments. 
G. W. Mofflt and P. B. Taylor. (Optical Soc. of America, J. and 
Rev. Sci. Inst. 8. pp. 511-618, April, 1924.)—A description is given of 
a transmission photometer to compare the actual brightness of a distant 
object with the brightness of its image as seen through the instrument 
under test. The instrument consists essentially of a collimator which 
furnishes an effective distant source, a platform on which the instrument 
whose transmission is to be measured is placed, and an illuminometer 
modified by the addition of a short focus objective and a ground-glass 
exit pupil screen. The collimator carries a 7-5 cm. achromatic objective 
of about 45 cm. focal length. The radiating disc of opal glass located 
at. the principal focus of this lens is provided with a sliding diaphragm 
having holes so graduated as to enable compensation for the magnification 

of the instrument under test to be.effected. . ./ 

. . .The .collimator is a bench along which it can be moved. 
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In order to facilitate alignment, the platform is so arranged that, when 
it is rotated, the instrument under test rotates about its exit pupil! The 
llluminometer contains the usual Lummer-Brodhun cube, comparison 
lamp and scale. The objective is about 7 cm. focal length, and so arranged 
as to focus an image of the distant source in the field of view. The focal 
lengths of the objective and eve-piece being the same, the magnification 
by the llluminometer is about unity, and its entrance and exit pupils 
of about the same diameter. The limiting stop of the whole optical 
system is a disctwith a peephole 2 mm. in diameter, and placed at the exit 
pupil of the illuminometcr. This small diameter ensures the same size 
of entrance pupil for the observer’s eye, both with and without the instru¬ 
ment in the optical path. The llluminometer is mounted so that it may 
be rotated about its own entrance pupil. In operation the collimator and 
illuminometer are first centred and aligned, and a photometric reading 
taken, no instrument being in the optical path. A second reading is 
taken with the instrument for test in position, the square of the ratio 
of the two lamps’distances being the transmission factor of the instrument. 
Transmission factors for different parts of the field of view of an instru¬ 
ment may be measured by rotating the instrument platform and the 
illuminometer. This method and the entrance and exit pupil brightness 
method are compared, and the authors find that the former measures 
more nearly correctly the real image-forming transmission, and that a 
large amount of flare and scatter will not be mistaken for actual trans¬ 
mission of image-forming light [see Abstract No. 2261 (1022)]. W. C. S. P. 


2052. Influence of a Magnetic Field on the Polarisation of the Resonance 
Light. G. Joos. (Phys. Zeits. 25. pp. 130-134, March 15, 1924.)— 
Referring to the paper of R. W. Wood and A. Ellett on the influence of 
a magnetic field on the resonance light of mercury and sodium vapours, 
the author points out that the polarisation of the resonance light is a 
consequence of the Zeeman effect, and can be fully explained in this way. 
The fact that in the absence of every field the resonance light produced 
by suitably polarised light is itself polarised is strongly in favour of the 
hypothesis that the atom orientates itself relatively to the light ray. 

J. J- s. 


2053. New Interference Phenomenon. F. Wolfers. (Comptes 

Rendus, 178. pp. 1704-1706, May 19, 1924.)—The author announces a 
new phenomenon originally noticed with X-rays [see Abstract 2197 
(1923)], but now repeated with light. The penumbra between the geo¬ 
metrical shadow of a cylindrical screen and the first true diffraction band 
will, if examined microscopically, show one or more bands, which are 
described in the paper. These the author attributes to interference 
between (a) the direct and normally diffracted light, and (b) the light 
diffused by resonators at the edge of the screen. * J. W. T. W. 

2054. Application of the Law of Weber-Fechner to Photometry. P* 
Lasareff. (Rev. d’Optique, 3. pp. 65-70, Feb., 1924.)—The law of 
Weber-Fechner does not apply to very feeble illuminations except on 
condition of taking into account, as Fechner has already done, subjective 
luminous sensations, under the form of a term additive to the intensity 
of the observed light. Helmholtz has perfected the theory in taking 
account of the dimensions of the illuminated'retinal surfaces, and has 

voi« xxvii.—a.— 1924. MB! ~a~.ii/XX •*** 


LIGHT. 


721 


thus obtained a more general formula, that the experiments of Konig and 
Brodhun have indeed verified for feeble intensities. Returning to intensi¬ 
ties not very small, the author has proved that the way in which this 
equation of Helmholtz brings in the dimension of the retinal field does 
not take account of experiment. He proposes a rectification of the formula 
which holds at least in the case of reduced fields; then he considers and 
defines the influence of the distance and the mutual position of the two 
fields of comparison upon the photometric sensitiveness, as well as that 
of the duration of the operation, the whole being specially applicable in 
the castf of small fields. j. j t s. 

2055. Hyperbolic Relation in Geometrical Optics. S. Boddcs. (Zeits. 
f. Physik, 23. 1-2. pp. 60-76, 1924.)—The author gives the mathematical 
theory of the hyperbolic locus followed by the image of a point formed 
by a thin lens or a shallow concave mirror, which moves towards or away 
from the projection of that point on the axis of the lens or mirror. The 
origin of coordinates is the position of the second focal point of the lens 
when the first focal point coincides with the projection of the object-point. 

J. W. T. W. 

2056. Rotatory Crystalline Dispersion. L. Longchambon. (Comptes 

Rendus, 178. pp. 1828-1831. May 26. 1924.)—When an active substance 
passes from the liquid or dissolved state to the solid condition, a consider¬ 
able variation is generally found in the rotatory power, sometimes accom¬ 
panied by change of sign. On the other hand, the author has shown 
that the rotatory dispersion appears to remain constant. Work is now 
described for coloured substances whose dispersion anomalies permit 
of very appreciable comparison, and results arc included for potassium 
rhodo-trioxalate, a beautiful red substance which crystallises in the 
rhombohedral system with the symmetry of quartz, whose aqueous solu¬ 
tions are remarkable for their intense rotatory power and anomalous 
dispersion. Jaeger's work is referred to. This identity of dispersion 
in the case of transparent substances and the relationship of the dispersions 
now found for coloured substances are shown to receive a simple explana¬ 
tion on Drude's theory. The phenomena found are analogous to those 
given by Bruhat for diphenyl-l-bornylimidoxanthidc. H. H. Ho. 

ou 2i ?. 57 ‘ Li ^ ht Scatterin i in Turbid Media. A. Carrelli. (Zeits. f. 
Physik, 24. 1. pp. 37-40. 1924.)—When polarised light is passed through 
a turbid medium and the scattering examined in different directions 
perpendicular to the primary beam, not only the normal Tyndall effect, 
whose intensity is a maximum in a direction perpendicular to the plane 
of the electric vector in the primary beam, is observed ; an additional 
scattered beam is found in the direction of the plane of the primary electric 
vector. This beam is considerably richer in short waves than the proper 
Tyndall effect, and its electric vector is in a plane parallel to that of the 
primary beam. When the particles are few in number and small the 
effect is not observable. When they have grown, the beam in question 
is completely polarised. With still larger concentrations polarisation is 
no longer complete. The theory of the effect is discussed. G. A. S. 

2058. Examination of Crystal Sections by Conoscopic Methods : Conve¬ 
nient Source of Sodium Light. C. W. Hawksley. (Phys. Soc., Proc. 36. 
p. 210, April, -1924.)—Describes a simple optical arrangement which can 
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be conveniently fitted to an ordinary microscope, and which has been 
specially designed to increase size and definition of the interference rings 
observed when uniaxal or biaxal crystals are examined in convergent 
polarised light. A convenient source of sodium light is also described. 

J. W. T. W. 


2059. Optical Projector for Showing Irregularities of Surface. H. 
B&nard. (Rev. d’Optique, 3. pp. 127-136, March, 1924.)—Describes 
a form of optical apparatus designed for showing the honeycomb appear¬ 
ances presented by a thin layer of liquid supported on a flat plate heated 
from below [see Abstract 2078 (1901)]. The system is fully described 
in the paper, together with the details of a particular apparatus used for 
demonstrating this phenomenon at the T.S.F. exhibition. The method 
may be extended to the study of the small changes of refractive index 
or of thickness which a liquid layer may show. J. W. T. W. 


2060. Photoelectric and Photochemical Activity. O. W. Richardson. 
(Phil. Mag. 47. pp. 975-976, May. 1924.)—The conditions under which 
a formula for the photoelectric activity of radiation, developed by the 
author prior to and independent of the publication of Bohr’s theory, 
may be effectively identified with a formula arrived at by Kramers and 
Milne [see Abstract 833 (1924)] are discussed. A. B. C. L. 


2061. The Development of the Latent Image after Fixing. L. Lumi^re, 
A. Lumidre and A. Seyewetz. (Comptes Rendus, 178. pp. 1765-1771, 
May 26, 1924.)—Some notes are given relative to the process and the 
results of fixing the photographic plate before its development. Par¬ 
ticulars are given of the fixing and developing solutions; in the case of 
the former a solution of sodium hyposulphite and ammonia is employed. 
A scries of photomicrographs is given, illustrating the effect upon grain 
size of the duration of development after fixing. In the case of the Lumiere 
gelatine bromide plate used, there is a marked reduction of grain size 
when development is continued for one hour after the plate has been 
fixed, as compared with the results of the normal development wi 
diamidophenol. The size of grain is shown to increase progressive y 
with time of development, after fixing has occurred, the longest deve op* 
ment period in the present case being 48 hours. Intensification o 
silver image by mercuric iodide after the process of development foul¬ 
ing fixing is shown to result in an appreciable increase in grain size, 
shown also that the method of development after fixing enables ve y 
fine grain effects to be obtained from both fast and slow plates. A. w.j. 


2062. Radio-luminescence and Radio-photoluminescence. ? ari ' 
K. Przibram and Elizabeth Kara-Michailova. (Akad. Wiss. Wie . 
Ber. 132. 2a. No. 7-8. pp. 285-298, 1924.)— The previously raised quesn 
whether the radio-photoluminescence is completely a lighting-up (rais B 
of the central temperature), in Lenard’s sense, or may not be parti ^ 
also a pure excitation (action of photoelectric electrons), has hith 
not been thoroughly decided. - Radio-photoluminescence, which is pr° 
ably due to energy furnished by the 0-y-radiation, is exhibited by kuna 
even fifteen years after the action of radium radiation upon it. K“ n 
is also through spark-light excited to longer after-illumination ; alighting-up 
by visible light cannot in this case yet be established^ Several s P eCin ^' 
of fluorite; which in the. natural condition in visible light^hoiv either' u 
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flaorescence or none at all, give, after the radium radiation, during the 
illumination, beautiful red fluorescence (momentary radio-photolumines¬ 
cence). The brightness of the luminescence of some fluorite in connection 
with its dependence upon the duration of the radium radiation has been 
photometrically measured; the curve exhibiting a maximum may to 
a first approximation- be expressed in the form: J = A(1 — e~ x i‘) 
+ — e — x »*), which theoretically simply expresses the excitation, 

falling-off and dissipation of the centres. By means of a photo-cell the 
light sum due to radium radiation is measured as a function of the duration 
of radiation; for the first the earlier obtained result is established; for the 
latter a decrease of the light sum with longer radiation is shown. Photo¬ 
electric measurement of the radio-photoluminescence in light distributed 
in the spectrum gives in verification of the earlier communication only 
a maximum, and for kunzite between 525 and 650 fx.fi, for fluorite from 
Sarutal at 450 fifi, for a fluorite from Oberkirch and apatite from Auburn 
similar results. . .. J. J. S. 

2063. Fluorescence of ASsculin Solutions. (Miss) M. B. Kearney. 

(Phil. Mag. 47. pp. 048-656, April. 1924.)—J. Pcrtin suggested in 1918 
that the emission of fluorescence by organic substances is due to the 
flashes of exploded molecules. Then a molecule which has once emitted 
fluorescent light would have completely lost its power of fluorescence. 
R. W. Wood, transforming fluorescent solutions by concentrated sunlight, 
found no satisfactory confirmation of Perrin’s theory, nor did Pringsheim 
[Abstract 1990 (1922)] in his experiments with fluorescein and eosin. 
Kautsky and Zocher [Abstract 154 (1923)] by their results support Prings- 
heim's views, especially in regard to the dependence of the phenomenon 
on temperature. M'Lennan and Cole have recently shown that an aqueous 
solution of a;sculin can be made to fluoresce for a long time without de¬ 
struction of its fluorescence when excited by light of suitable wave-length. 
The author of the present paper has extended the work of M'Lennan 
and Cole, using as a standard solution 4 parts of xsculin to 100,000 parts 
of solvent by weight. The intensity of the fluorescence emitted by a solu¬ 
tion of strength 8/100,000,000 could be measured. The xsculin was 
dissolved in various solvents. The following are the principal results 
attained: (1) The initial fluorescent intensity of a solution depends 
on the solvent used ; it is greater for aqueous solutions than for organic 
solutions of the same concentration. (2) For solutions of equal concen¬ 
tration the initial rate of transformation by ultra-violet light and ozone 
is greater for organic than for aqueous solutions, but organic solutions 
require a much longer exposure for complete transformation.- (3) The 
presence of a solvent is essential for the transformation of aisculin ; ultra¬ 
violet light and ozone produce no change in xsculin powder. (4) Verifi¬ 
cation feas been obtained of the previously ascertained fact that a solution 
can be made to fluoresce without being destroyed by exposing it either 
in an evacuated glass tube, or in a quartz tube surrounded by a transformed 
solution. Thus (the extreme ultra-violet rays being cut off) it is shown 
that the decay of the fluorescent intensity is due to the action of the extreme 
ultra-violet region. • n, i • ». v . v . ;J/J. S. 

poiJAiimJiuo A—-(.6S4I .*»! miu| • Wm ‘ .. 'A • i«:< 

2064. Relations between Supplied Energy, Spectral Intensities and 
Alterations in Different Media. L. Hamburger. (Am. Electrochem. 
Soc., Trans, 44. pp. 271-282,1923.)—The conception of the unity of optical, 
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chemical, and energetic relations laid down in the quantum theory, and 
the Rutherford-Bohr interpretation of atomic structure, does not admit 
of an essential difference between chemical and physical changes. The 
author, using the photographic method indicated by Holst and Hamburger, 
has obtained results for simple gases that showed for every spectrum line 
(except the argon spectrum) or band that the emission is always propor¬ 
tional to the supplied energy. From these results and a consideration 
of data on the negative glow, the luminescent arc discharge, and the single 
line spectrum, it is now concluded that in general there is, in widely 
differing kinds of electric discharges in gases, always proportionality of 
the occurring radiation and electro-chemical or photo-chemical reactions 
with the supplied energy, provided the variables are kept within those 
limits in which the character of the bearers (luminiscence centres) remains 
unmodified. In mixtures of gases, for which chemical action is con¬ 
ceivable. chemical action takes place at electrical discharge, which action 
always manifests itself also spectrographically. Dislocated—that is, 
excited or partially ionised—atoms play important parts in the explanation 
of electroluminescence effects observed on collisions between slow electrons 
and atoms, spectra not electrically excited, catalytic phenomena, and 
reaction velocities. Regarding the latest category by way of example, 
the dependence of the reaction temperature on the nature of the metal 
carbonate used in the cyanide process for the fixation of nitrogen is 
explained with the aid of the ionising and resonance potential data for 
the alkali and alkaline earth metals. H. H. Ho. 

2065. The Quantum Theory of Radiation. N. Bohr, H. A. Kramers 
and J. C. Slater. (Phil. Mag. 47. pp. 785-802. May. 1924. Zeits. f. 
Physik, 24. 2. pp. 69-87, 1924.)—An attempt is made to arrive at a con¬ 
sistent description of optical phenomena by connecting the discontinuous 
effects occurring in atoms, involved in the quantum theory of the exchange 
of energy and momentum between matter and radiation, with the con¬ 
tinuous radiation field involved in the wave theory of light. Einsteins 
applications of probability laws to the study of the " stationary " states 
of atoms and the transitions of atoms from one stationary state to another 
are fundamentally introduced into the argument, which is specially 
developed to embrace the study of the capacity of interference of spectral 
lines and the quantum theory of spectra and optical phenomena. 

A. B. C. L. 

2066. Poynting's Theorem and Ray Propagation in Optically Active 

Media. H. Chipart. (Comptes Rendus, 178. pp. 1805-1808, May 26, 
1924.)—From Poynting's theorem, in which the light rays are regarded 
as the lines of energy flow, it follows that the radiation vector is the 
product of the radial velocity and the electromagnetic energy. Optically 
active media being essentially dispersive, it is necessary to investigate 
whether the velocity to be taken is the velocity of phase or the velocity 
of amplitude. The author shows, by mathematical treatment given 
the paper, that the latter is the velocity demanded. J. W. T. W. 

2067. Electromagnetic Theory of Rotatory Polarisation. H. Chip art- 
(Comptes Rendus. 178. pp. 1969-1971, June 10, 1924.)—A continuation 
of previous work [see Abstract 1151 (1924)], extending the validity o 
Poynting’s equation to the boundary of an optically active medium. ■ 

; 7 FtJ. W. T. 
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2068. The Polarization of Resonance Radiation. G. Breit. (Phil. 
Mag. 47. pp. 832-842, May, 1924.)—A quantitative elaboration of the 
consequences of the Zeeman effect in resonance radiation is shown to give 
polarisations in fair agreement with the observed values of Wood and 
Ellett for sodium in a strong magnetic field, or in the absence of a field. 
Einstein’s considerations [Abstract 654 (1917)] are used as a basis of the 
calculations. If considerations similar to those applied to sodium should 
be carried out for mercury, similar results would be obtained, whereas 
Wood and Ellett find 90 % polarisation in the absence of a magnetic 
field, the corresponding value for sodium being 5 %. This result seems 
to imply that the incident wave has orientating influence on the “ corres¬ 
ponding ” radiating mechanism. The value of H, which suffices to estab¬ 
lish the space quantizing appropriate to a magnetic field, is tentatively 
brought into connection with the period of the Larmor precession as com¬ 
pared with the time constant r of the atom. Numerical agreement is 
attained in the case of mercury if r~10~«sec. rather than 10 _8 sec. 
Evidence in favour of 10 -8 of a second is adduced. It is suggested that 
not all collisions are effective in causing fluorescent emission, since this 
also explains the measurements of Wood on the time lag of fluorescence 
in mercury vapour. The case of sodium is treated on the assumption 
that r ~ 10- 8 sec. W. V. M. 

2069. The Thermal Equilibrium between Light Waves and Sound Waves. 
E. Schrddinger. (Phys. Zeits. 25. pp. 89-94, I'eb. 15. 1924.)—Brilloum 
[Abstract 1131 (1922)] has shown, on the basis of classical considerations, 
that a light wave of length A will suffer some amount of regular reflection 
from an advancing sound wave of length L. The case is similar, in fact, 
to reflection from a lattice, and in the ordinary way one obtains the 
well-known Bragg formula 2L sin 6 — A for a reflection of the first order. 
In the present paper the same formula is obtained on the basis of the 
quantum theory. This result is applied to the equilibrium conditions 
which hold when radiation traverse a medium, the molecules of which 
possess thermal energy of vibration. For the thermal energy of vibration 
may be resolved into a series of sound waves, and the formula derived 
above applied to all the energy exchanges which occur. Along these 
lines and on the basis of certain assumptions, two methods arc given to 
prove that under equilibrium conditions Planck's distribution law holds. 

A. A. D. 


2070. Radiation Law and Intensity of Multiple Lines. L. S. Ora- 
steln and H. C. Burger. (Zeits. f. Physik, 24. 1. pp. 41-47, 1924.) 
—Previous measurements of the intensities of the components of multiple 
spectral lines led to results that could be expressed by certain empirical 
rules (see Abstracts 1454 and 1455 (1924)]. In the present paper the 
theoretical significance of these expressions is investigated, and the above 
intensities are brought into simple relationship with the statistical constants 
of the states and the conceptions of emission and incidence probability 
which have been introduced by Einstein into the radiation theory. 

H. H. Ho. 


2071. Interpretation of Dispersion on the Quantum Hypothesis. K. F. 
Herzfeld. (Zeits. f. Physik, 23. 6. pp. 341-360, 1924.)—The formulation 
of a dispersion theory on the assumption that light consists of quanta 
VOL. xxvii. —a.— 1924. i _ . 
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instead of continuous waves is possible if one assumes that atoms can 
arrest such quanta as do not fulfil the Bohr frequency condition, and 
after a short time again emit them in the original direction or scatter 
them to the side. The delayed energy propagation postulates the arrest¬ 
ment of quanta emitted in a forward direction; the altered phase propaga¬ 
tion postulates the modification in movement of the shared electrons 
indicated by Wentzel [Abstract 1435 (1924)]. For such quanta as do not 
fulfil the. Bohr condition the time of arrestment must be of the order of 
1/u; for such as do fulfil it it must be about 10- 8 seconds. It is shown 
further that energy equilibrium exists between radiation and matter. 

G.A.S. 


2072. Radiation. W. P. Davey. (Frank. Inst., J. 197. pp. 439-478, 
April, 1924.)—Radiations classed as wave-motions are such as cannot be 
affected by the presence of an immaterial agent, such as an electrostatic 
or a magnetic field in their paths, and are usually considered to differ 
from each other only in wave-length, e.g. radio, infra-red, visible light 
and ultra-violet light waves, X- and y-rays. Knowledge of them is based 
on experiments which deal either with the material substances in the 
source of the " waves,” or with material substances interposed in their 
path, «.*. the study of these radiations is really that of the nature of the 
atoms of material substances and of interactions between these atoms and 
radiation. Many branches of physics.and chemistry have contributed 
to such study, and it is the purpose of the present paper to show what 
these contributions arc. and how they are related to the general problem 
of radiation. Section A discusses material substances as sources of 
radiation, and commences by considerations based on experiments which 
are not directly connected with radiation. The work of Thomson, Ruther¬ 
ford, and Aston is briefly reviewed, following which come discussions of the 
static atom from chemical and physical view-points, the configurations of 
electrons, the ionising potentials of static atoms, and compressibility of 
metals. It is shown that a law of force of the type necessary to stabilise 
a ” static ” atom, and derived by Thomson, makes it possible (1) to deduce 
the law relating the atomic dimensions to ionising potentials, (2) to calcu¬ 
late the ionising potentials of various elements, and (3) to calculate their 
compressibilities. Next come considerations based on experiments 
which have to do directly with radiation. These include black-body 
radiation, the theories of Rayleigh, Wien, and Planck, atomic heats, 
and chemical reactions. The concluding part of this preliminary paper 
deals with Bohr’s theory. The opinion is expressed that the difference 
between the two atomic pictures (static and Bohr) is largely a matter of 
words. The expositions are to be concluded in a second paper. 

H. H. Ho. 


; . 2073. Radiation . W. P. Davey. (Frank. Inst.. J. 197. pp. 629-660, 
May, 1924.)—This paper is a continuation of a previous discussion or 
the subject [see preceding Abstract], and commences with an examination 
of the static and Bohr atoms, stating that the correspondence between 
the two. pictures is so close that often the same terminology may be 
employed for both. A large mass of physical and chemical data seems 
to point towards the static presentation of atomic structure, such as is 
given by the Lewis-Langmuir atom, while data from radiation indicate 
the Bohr-Sommerfeld picture. By making appropriate assumptions as 
vol. xxvii. —a.—1924. •~° / 
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to the law of electrostatic force between unlike charges, and by assuming 
the quantum theory, the two pictures are seen to give identical results. 
Most experiments dealing with the material substance which finally 
receives the radiation are consistent with either a corpuscular or a spreading 
electromagnetic wave picture of radiant energy. The photoelectric and 
the photographic effects seem to be quite inconsistent with a spreading- 
wave theory, but are consistent with any form of corpuscular theory. 
Experiments which concern the scattering effect of material substances 
placed in the path of radiation are consistent with a spreading-wave 
theory only if proper assumptions be made as to the velocity of the 
scattering electron. They are all consistent with the electromagnetic 
dart theory, and with any form of corpuscular theory. Data on absorption 
and transmission, together with the absence of any effect on radiation 
by a pure electrostatic or magnetic field, make only one form of corpuscular 
theory tenable—namely. Silberstein's " dart theory "—in which darts are 
pictured as trains of electromagnetic waves of tiny cross-section, so that 
each " dart " is an entity in itself. The “ dart *' theory does not deny 
the existence of spreading electromagnetic waves such as are found in 
radio work, but merely assumes that the mechanism of radiation from the 
electrons in atoms and molecules is such as to produce tiny beams, which, 
by reason of some focussing action in the atom, are propagated with little 
or no change in cross-section. Such a theory is consistent with all known 
experimental facts except one, namely, diffraction from Fresnel mirrors, 
and, what amounts to the same thing, diffraction from a bi-prism. In 
view of the recent rapid progress of such a theory, due to Duane and 
Compton, this single remaining objection may soon be overcome. The 
paper contains sixty references. H. H. Ho. 

2074. The Law of Dispersion and Bohr's Theory of Spectra. H. A. 
Kramers. (Nature. 113. pp. 673-074, May 10. 1924.)—A consistent 
description of the phenomena of dispersion, reflection, and scattering of 
electromagnetic waves by material media can be given on the fundamental 
assumption that an atom, when exposed to radiation, becomes a source 
of secondary spherical wavelets, which are coherent with the incident 
waves. This is briefly sketched, and the present note is preliminary to 
a more detailed paper later, which will show that employing the corre¬ 
spondence principle it is possible to obtain an adequate description of the 
activity of the atoms regarding their interaction with radiation. On 
this theory the above picture of the mechanism underlying dispersion 
and scattering phenomena is essentially preserved, and laws are developed 
connecting P (amplitude), w (a unit vector), and (f> (phase-difference between 
the secondary and primary waves), which characterise the reaction of an 
atom in a given state against external radiation, with the peculiarities 
of the transitions which the atom may perform to other stationary states. 
The present state of the quantum theory does not allow a vigorous deduc¬ 
tion of these laws, but a simple expression for P is established, which 
fulfils the condition, claimed by the correspondence principle, that, in 
the region where successive stationary states of an atom differ only 
comparatively little from each other, the interaction between the atom 
and the field of radiation tends to coincide with the interaction to be 
expected on the classical theory of electrons. Ladenburg’s formula is 
discussed briefly, this being equivalent to the author’s if a certain term 
be omitted, i.e. when only positive oscillators come into play. This term 
VOL. xxvii. — a. —1924. . 
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corresponds to the general case when negative virtual oscillators occur, * 
since the atom can then perform spontaneous transitions to states with 
lower energy. H. H. Ho. 

2075. Doublet Separation in the Bahtier Series. A. E. M. Geddes. 
(Roy. Soc. Edinburgh, Proc. 44. 1. pp. 14-20, 1923-1924.)—Previous 
experiments by the author seemed to indicate a gradual decrease in the 
doublet separation in passing from H a to H^. To investigate this point 
further, a long tube was used, arranged so that 160 cm. of the tube could 
be immersed in liquid air, though only 20 cm. of the tube was actually 
used to illumine the slit of the spectroscope. An echelon grating of 33 
plates was used. The tube was excited with an induction-coil, and exhaus¬ 
tion effected with a Gaede pump. H* was obtained well separated at 
a particular value of the pressure, when a constant stream of gas was 
drawn through the tube. In liquid air the values were: H*, 0-341; 
H fli 0-362 in cm.- 1 . The theoretical values are: H«, 0-329; H fi , 
0-349. A. C. M. 


2076. " Raies UI times " in the Arc. S. Procopiu. (Comptes Rendus, 
178. pp. 1368-1369, April 14. 1924.)—" Raies ultimes ” appear out of 
all proportion to the amount of metal present as impurity, so that their 
non-appearance can be taken as a proof of the absence of .the metal con¬ 
cerned. This suggests that the mechanism which produces them is different 
from that responsible for the emission of the lines belonging to the metal 
which forms the electrodes. The present paper aims at collating the 
facts of the appearance of " raies ultimes " in the arc. 

Comparing the same arc at atmospheric pressure and at reduced 
pressure, in the former case the " raies ultimes " of the impurities and the 
flame spectra of the electrode-metal are hardly visible, while in the latter 
case both are strong. In air the principal cause of emission is temperature, 
while in vacuo it is some mechanism connected with the cathode. Thus, 
the flame lines of the metal and the “ raies ultimes " of the impurities, 
which require little energy, will be the ones to predominate in air. If 
a metal contains an impurity of higher ionisation potential, then lines of 
the impurity should not appear, as the potential difference across the 
electrodes will be the ionisation potential of the metal. This does occur 
in vacuo, but not in air. This confirms the thermal origin of the “ rai® 3 
ultimes.'* A - C 


2077. Band-Spectra. R. Fortrat. (J. de Physique et le Radium, 5* 
pp. 33-60, Feb., 1924.)—A summary of the quantum theory of band 
spectra, beginning with the work of Deslandres. The author attempts 
to standardise the nomenclature in the light of the theory. A. C. M. 


2078. The Theory of Band Spectra. P. Tartakowsky. (Zeits. f- 
Physik, 24. 2. pp. 98-116, 1924.)—The molecule is now regarded as the 
carrier of band spectra and the oscillation quantum number n for diatomic 
compounds is found not to exceed a certain limit inversely proportion 
to a constant which depends on the nature of the asymmetric union. 
This property, which leads to a limitation of the band spectra for diatomic 
molecules, is a consequence of the theory of asymmetric oscillations 
recently derived by the author [see Abstract 1766 (1923)], but may also 
be derived from the Kratzer theory of the rotation-oscillation spectra 
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(see Abstract 861 (1921)]. A comparison between these theories is included. 
It has been established that the limitation to the quantum number (and 
to the spectra) follows from the demand that the motion of atomic systems 
in stationary states must possess a partial periodic character. The obser¬ 
vation data do not contradict the theory, and the maximum values of 
the oscillation quantum number, as also the positions of the last upper 
bands, have been evaluated on the basis of considerations from ultra-red 
absorption spectra. The asymmetry of the oscillation appears to increase 
with the total number of electrons in the molecule. H. H. Ho. 

2079. Hydrogen Spectra excited by Electron Impacts. R. Seeliger 

and M. Wendt. (Phys. Zeits. 25. pp. 160-162, April 1, 1924.)— 
Spectra were excited by streaming hydrogen through a tube having a hot 
cathode and a hollow cylindrical anode, to serve as a field-free space. 
The intensities of H fi . H y , and A4634 (the strongest line of the secondary 
spectrum) were compared by photographing the lines and measuring the 
intensity of blackening with the Hartmann microphotometer. Curves 
arc given for the ratio H*/H y , H^/4634 and H y /4634. It is found that, 
besides electron velocity, there are other factors which are important in 
affecting the equilibrium between atom and molecule (as shown by the 
spectra) ; in particular, catalytic action of the walls of the tube (as 
previously pointed out by Wood) and the presence of impurities, such 
as HC1 and water-vapour. A. C. M. 

2080. Infra-red Spectra. H. M. Randall. (Am. Phil. Soc., Proc. 
62. 6. pp. 326-340, 1923.)—Work in the infra-red region is primarily 
concerned with the near infra-red region. 1 to 7 ft. and the underlying 
idea is to develop experimental methods which will permit the measure¬ 
ment of infra-red line and band spectra with such accuracy and complete¬ 
ness that the' results may become integral parts of general spectroscopic 
data. The greater part of the present paper is concerned with the more 
recent development of methods of determining the fine structure of the 
absorption bands of gases and the contributions which these data make 
to the important problems of atomic and molecular structure. Lewis 
and Paschcn first used gratings to analyse the characteristic radiations 
of gases and solids, the spectra produced being passed over a linear 
thermopile by rotating the grating. The presence of lines was shown by 
deflections of a galvanometer in scries with the thermopile. Gratings of 
different constants are used to give maximum resolution for the particular 
band under examination. Thus, gratings having 20,000 lines per inch 
are used upon bands lying below 2 fi. This gives a spectral range of 
about 0 A. upon the thermopile slit. Coarser gratings aro used for 
bands at longer wave-lengths. Barker has ruled several echelette gratings 
which successfully conserve the energy in the regions of the bands investi¬ 
gated. The effectiveness of this method, which uses -the maximum 
resolution a series of graded gratings can give, is illustrated by a discussion 
of somcTecent results obtained, by Angstrdm and Palmer, by Burmeister, 
and by Brinswade and Kemble. 'The researches commented upon, while 
primarily experimental,!were all undertaken on account of the promise 
they offered of giving^ very definite and exact information of the structure 
of the molecular systems taking part in the absorption. The great success 
of the Bohr atom in accounting for line spectra requires the application of 
the same ideas to molecular radiation. Thus, 'the molecules are supposed 
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to exist in a number of stationary states, during which they neither absorb 
nor radiate energy. In the case of molecules, three kinds of transitions are 
possible, one electronic and two atomic. The molecule may store energy 
both by the vibrations which may exist between its component atoms and 
by its rotation about one or more axes. The three types of transitions 
offer through their possible combinations, together with the coupling 
effects, great opportunities for explaining even so complicated spectra 
as band spectra. The bands in the near infra-red appear to be due to 
the two atomic transitions alone. This paper endeavours to show in a 
qualitative way only how the characteristics may be accounted for by 
using ideas developed largely to account for the characteristics of atomic 
radiation as shown by line spectra. 

The HC1 molecule is considered. In HC1 gas in its normal condition 
there seems to be no vibrational energy. Its molecules, however, may 
be in any rotational state. In the diagrams of one of the bands measured 
by Innes each line appears as a doublet. The interpretation is that the 
Cl atom is isotopic. The vibrational energy is a function of the masses 
of the vibrating atoms. The computed differences of the frequencies of 
the lines due to Cl atoms of atomic weights 35 and 37 agree with the 
differences between the observed lines within experimental error. As 
this method of detecting isotopes differs entirely from the positive ray 
method of Thomson and Aston it is highly desirable to develop it further. 
The absence of a line between -f 1 and — 1 in all the bands of the halogen 
hydrides, and presumably also in the case of methane, is evidence in favour 
of the half-quantum number for indicating stationary rotational states. 
Further evidence is furnished by the results of applying strong electric 
fields to the absorbing gas. Barker, in his experimental work, finds no 
measurable shift of the line — 1. His results confirm, therefore, the use 
of half-quantum numbers. It cannot be said that the problem of the 
molecular structure of simple molecules has been solved in the sense that 
the problems of the H atom and ionised helium have been solved. T&o 
situation is more analogous to that of the heavier atoms, where the solu¬ 
tions were qualitative rather than quantitative. - • J- J* • 

2081. Qualitative Studies of the Infra-red Absorption Spectra of 
Compounds. J. Lecomte. .(Comptes Rendus, 178. pp. 

May 6, 1924.)—A number of organic compounds have been studied an 
general rules drawn up with respect to the variations in behaviour o 
different types of structure, such as alcohols, ketones, and so on. * 


2082. Qualitative Studies of the Infra-red Absorption Spectra of Organic 
Bodies.' J. Lecomte. (Comptes Rendus, 178. pp. 1698-1701, May 1 » 
J924.)_Following previous results (see preceding Abstract) the phenomen 

attendant upon isomerism and effects appearing in homologous senes 

have been examined. It is found that the influence of the form ox 
carbon chain is small.! The classical dispersion theories do not •fitjw 
facts observed in the case of organic substances, but the quantum theory 
promises to throw light on the results. • Errata (ibid. p. * 

1924);' I * W ' 


V 2083. Interference Bands Produced by Mica and the Use of Mica 
in Infrared Spectroscopy. < C. F. Meyer and D. W. Bronk.;; (Astrop y* 
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J. 69. pp. 262-258, May, 1924.)—Sheets of mica placed in a beam of infra¬ 
red radiation may introduce large variations in intensity in the spectrum, 
due to interference, as is shown by an illustrative graph. Other graphs 
show that the variation introduced by a single sheet of mica is regular, 
and amounts to about 10 % in the region of 3-6/z. When mica is used for 
windows of absorption cells, the use of compensating windows cut from 
the same sheets of mica is in general not effective in compensating for the 
variations in intensity due to interference. If a sheet of mica 0-05 mm. 
thick is placed.in the beam, with the normal to the sheet making an angle 
of 30° with the axis of the beam, then the variation in intensity is 
obliterated. 

An Interference-free Cell. —A cell which eliminates interference effects 
by the foregoing method and embodies other unique features is described. 

Authors. 

2084. A Photographic Method in the Ultra-red. A. Terenln. (Zeits. 
f. Physik, 23. 5. pp. 294-297, 1924.)—The method employed by the author 
with Ilford Monarch plates is described under the following heads: The 
preparation of the plate ( i.e . solution in which it is bathed before exposure); 
the preliminary lighting ; the method of exposure of the plate to the ultra- 
red spectrum ; the developing and fixing of the exposed plate. A. E. G. 

2085. Polarisation of Resonance Radiation of Vapours. P. Prings- 

helm. (Zeits. f. Physik. 23. 5. pp. 324-332, 1924.)—If the observations 
of Wood and Ellett (see Abstract 1861 (1923)] on the polarisation of 
resonance radiations in a magnetic field can be explained as Zeeman effects, 
then, according to the Somerfeld-Lande interpretation, and taking into 
consideration the various abnormal Zeeman types for single lines, all 
the usual appearances can be completely explained. In the present paper 
it is shown that, whilst the quantitative difference of the maximum degree 
of polarisation with Na on the one side and Hg on the other can be explained 
by the different types of their abnormal Zeeman effect, the unequal field 
strength by which this polarisation is caused in both cases originates 
from the difference in the size of the disturbance which is produced 
through the local magnetic fields of the neighbouring molecules. Whether 
there is also a clear dependence on temperature as well as that on pressure 
can only be decided by speeial experiments. A. E. G. 

2086. Terms of the (C + H) Bands. A. Kratzer. (Zeits. f. Physik, 

23. 6 . pp. 298-323, 1924.)—In this paper it is shown that the (C + H) 
band at A4300A. seems to exhibit itself by the combination of four 
initial terms with an end term belonging to them. The end terms are 
shown quantitatively by the formula of Kramers and Pauli (see Abstract 
1395 (1923)] for diatomic molecules. The impulse moment about the 
atomic combining line is given as l.h/27r. The initial terms can be shown 
through the same formula. Through the combination connection between 
the band 4300 and the 17 -band 3900 it is shown that both have the same 
end condition of molecules. The combination defects are explained by 
the existence of selection rules, which prevent a part of the possible 
combinations. The question as to the nature of the carriers of the bands, 
whether CH or CH 2 , is left open. A. E. G. 

2087. Series Spectra of Boron 111. I. S. Bowen and R. A. Millikan. 
(Nat. Acad. Sci„ Proc. 10. pp. 199-203, May,. 1924.)—The authors have 
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produced evidence in a previous paper [Abstract 1466 (1924)] that in 
hot-spark spectra the strongest lines are usually those due to the stripped 
atom, i.e. the atom which has lost all its electrons and become similar 
to the hydrogen atom. If circular orbits are assumed, the wave-lengths 
to be expected can easily be calculated. This is sufficiently accurate for 
large orbits, where the electron at no part of its path comes close to the 
nucleus; but where the orbit is a flat ellipse better accuracy is obtained 
by dividing the corresponding values for lithium by nine. Several lines 
were found to be in the expected positions within about 1 part in 
3000, and in addition the doublet separation of the line at 678 A. 
was measured in orders up to the sixth and found to be 0*15 A. Two 
other doublets were found having the same frequency difference, and 
these were identified as the first members of the sharp and principal 
series. A. C. M. 

2088. The Infra-red Absorption Spectrum of Carbon Monoxide. E. F. 
Lowry. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 647-668. 
May, 1924.)—A study of the infra-red absorption spectrum of CO was 
undertaken in order, if possible, to obtain more evidence for the applica¬ 
tion of quantum considerations to molecular behaviour. The spectrometer 
is described in some detail, and is of a special combination prism-grating 
type, the method and accuracy being tested by an examination of the 
known HC1 absorption band at 3*46/4, the results being in good agreement 
with previous observers. For CO a doublet with maxima at 4-600(1)/* 
and 4 • 728(6) /4. with the centre of the band at 4 • 6643/4 is obtained. There 
is little evidence of fine structure of the band. The moment of inertia 
of the CO molecule is calculated to be 14-9 x 10-*° gm.-cm.* 2 , the distance 
between atomic centres being 1-15 x 10~ 8 cm., agreeing very well with 
results due to Euckcn 1 Abstract 1621 (1921)1 and other workers. 

W. V. M. 


2089. Laboratory Method of Obtaining Balmer Absorption Senes of 

Hydrogen. E. O. Hulburt. (Phys. Rev. 23. pp. 593-697, May, 1924.) 
—Condensed discharges were passed through an under-water spark in 
series with a tube, 76 cm. in Idngth, of moist hydrogen at a pressure of 
0-5 mm. of mercury. The light from the spark traversed the glowing 
hydrogen, and the Balmer lines appeared as narrow, dark absorption 
lines against the continuous spectrum of the spark, the absorption senes 
extending to the tenth Balmer line. By adjusting the relative intensities 
of the light of the spark and of the glowing hydrogen, spectra were obtained 
with H a and H $i either bright or dark, while the higher members of the 
series remained always dark. Spectra were produced showing Up an < 
H y dark, but with a bright central core. These phonomena are • well 
known in stellar spectra, to which reference is made. . Author. 

2090. The Spectrum of Ionised Lithium. M. Morand. (Comptes 
Rendus, 178. pp. 1701-1704, May 19. 1924.)T-Continuing previous work 
[Abstract 1876 (1924)] an arrangement whereby more light maybe obtained 
is described, enabling feebler lines to be photographed. In this way 
very interesting results have been obtained. . A table of observed wave- 
lengths is given, and the origin of various lines discussed. Thus A46< 
appears to be the first term of a Bergmann series for once-ionised- ifttm 110 ' 
while the Very feeble A4501 appears to belong to doubly-ionised lithiom, 
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and corresponds to the spectrum of hydrogen, a factor 9R instead of R 
appearing on account of the greater nuclear charge for lithium. It is 
found that A7600 (2S — 2P) corresponds to the first term of the principal 
series of ionised lithium. Another line. 2934, belongs to " otholithium ’’ 
in an ionised state with abnormal coplanar electronic orbits, while 7600 
belongs to a more stable state with inclined orbits. 

Using Sommerfeld’s relation between the constants p. d. b . . . of an 
ionised atom and />•. d • of the arc spectrum of the preceding atom, the 
level IS of lithium has an energy 64-7 volts and for 2s 19-9 volts. Now the 
difference IS — 2s = 44-8 volts, representing the transition from para- 
ortholithium. is precisely equal to the minimum difference of potential 
through which a bombarding electron must fall in order to excite A2934 
[Abstract 1175 (1924)]. The lines AA4678, 4664 may be the first terms of 
Bergmann series of para- and ortholithium, the constants b and d being 
different in the two cases. W. V. M. 

2091. Selective Absorption by Luminous Mercury Vapour. E. P. 
Metcalfe and B. Venkatesachar. (Roy. Soc., Proc. 105. pp. 520-531, 
May. 1924.)—The absorption of the components of the 5461 A. group 
1/>1 — Is by luminous mercury vapour is examined, using a Lummer- 
Gehrcke plate and an absorbing column 100 cm. long. All the satellites 
except — 0-237 A. are found to be strongly absorbed under suitable 
conditions; — 0-237 A. is absorbed, but to a much less degree. The 
ratio of emission to .absorption is found to be fairly constant for all the 
lines, with the same exception. Again, all the resolved satellites, except 

— 0-237 A., can be reversed on a continuous bright background. The 
conditions for reversal are discussed. The bearing of these results on 
the possible isotopic origin of some of the satellites is considered. The 
absorption and reversal of the lines 5769 A., IP — 2d', and 5791 A., 
IP — 2D, in both of which the absorption centres are atoms in the state 
IP, are also observed. Two satellites of the former (0 044 A. and 

— 0-050 A.) have been reversed. The effectiveness of long columns as 

radiators of weak lines is brought out by the observation of the feeble 
satellite — 0-122 A. of 5679 A., in the light radiated from the end of a 
100-cm. column carrying a current of 0-06 amp./sq. cm. Four satellites 
of lp 2 — Is have also been reversed. Further work is in progress. [See 
Abstract 680 (1923).] G. A. S. 

• $ 

2092. Ultra-Violet Ab<orption Spectrum of Naphthalene Vapour. 
V. Henri and H. de Lfiszld. (Comptes Rendus, 178. pp. 1004-1006, 
March 17, 1924.)—The vapour of naphthalene examined with a thickness 
of 30 cm. at pressures varying between 0-054 mm. and 121 mm. exhibits 
an absorption spectrum composed of a very great number of bands. 
When the pressure does not exceed 0-22 mm. a series of eleven narrow 
bands is obtained having maxima at A = 2784, 2778, 2750, 2740. 2710, 
2680, 2644, 2613, 2590, and 2560 A. These bands are perfectly continuous, 
presenting no fine structure. When the vapour tension is above 0-22 mm. 
a new series of bands is observed whose number increases with the pres¬ 
sure. They are situated between 2820 and 3200 A. They arc very 
narrow, and the authors have measured more than 400 of them. There 
are eighteen different series, of which the heads are on the ultra-violet 
side. These bands shade off towards the red. Each series is composed 
of about twenty very fine bands or rays distant from each other about 
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0-3 or 0-4 A.and showing different intensities, often having the appear- 
ance of senes of doublets very close together. . . 

A study of the distribution of the narrow bands shows that they can 
be represented by the following formula: 1/A = 32455-4 -f n 474-4 
+ ? ,2 °?’4 + * • 62 * 7 + r W+P ( w ) + QH i n having the values 

2 1. 0, + 1, + 2; p = — 4 to + 4. and q = — 7 to -f 2. This 

lormula contains three fundamental frequencies : a = 744 - 4 , ^ = 203 - 4 , 
a " d V “ 62 ‘ 7 ( cm ) _1 » which correspond to the frequencies of vibration 
of the different groups of atoms which form the molecule of naphthalene. 
It is interesting to note that the frequency a = 474-4 is about two times 
smaller than the corresponding frequency in benzene and its derivatives. 
1'or benzene a =921-4, for toluene a = 932-5. and for chloride of 
benzene a = 963-7. 

It is deduced that the moment of inertia of the normal molecule 
Jo = 3-55 . 10- 40 and that of the activated molecule I, = 5-5.10" 40 . 

1 he moment of inertia of the molecule of naphthalene thbs changes greatly 
during activation by rays comprised between 3200 and 2820 A., conse¬ 
quently the configuration of the atoms in this molecule changes much 
during activation. The potential of ionisation is about 10 volts. The 
internal transformation of the molecule, which appears sharply at a well- 
determined limit, to which corresponds a quick change in the spectrum 
of absorption, is a general phenomenon found by one of the authors for 
a whole scries of the most different bodies. The value of the moment 
of inertia of the molecule of naphthalene obtained by the study of the 
spectrum of the vapour is very small. This means that the carbon atoms 
are very close together in the molecule; their distance apart is much 
inferior to that of the carbon atoms in crystals of diamond and graphite 
(1-54 and 1-46 A.). This result is in agreement with the representation 
according to which the bond between the atoms in a molecule is produced 
by 'valcncy electrons which have symmetrical orbits enclosing the two 
atoms. The sphere which envelopes the orbits of the four valency 
electrons of carbon has a diameter of 1-32 A., while the diameter of the 
orbit of the two internal electrons is 0-18 A. Thus, the distance between 
the carbons in a molecule may be between 1-32 and 0-^8 A. According 
to the special model adopted for the molecule of naphthalene it is possible, 
starting from the value of the moment of inertia, to calculate the distances 
between the atoms of carbon in that molecule. ‘ J. J- 

2093. Light Entitled from Solid Nitrogen when Bombarded with Cathode 
Rays, and its Bearing on the Auroral Spectrum. L. Vegard. (K. Akad* 
Amsterdam, Proc. 27. 1-2. ‘ pp. 113-126, 1924. Comptes Rendus, 178. 
pp. 1153-1156, March 31, 1924.)—Investigations recently carried out 
on the auroral spectrum led the author to the view that the upper strata 
of the atmosphere above 90 km. were mainly composed of nitrogen, 
frozen into minute dust particles. These particles were supppsed to be 
more or less electrically charged through the photoelectric effect of the 
sun's rays, and in this way gravity was counterbalanced. If this hypothesis 
is correct the auroral spectrum should originate from nitrogen, and 
should be a type of spectrum produced when solid nitrogen is bombarded 
with electric rays. Above all, the green line (A = 5677) should be peculiar 
to solid nitrogen. 

Experiments, full details of which are given, have been carried out 
at Leiden, in which solid nitrogen was bombarded with cathode rays. 
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A layer of solid was easily formed under the experimental conditions 
described, and at first cathode rays with'a potential drop of 76 volts 
were put on. and the nitrogen emitted a faint luminosity, but when the 
voltage was increased to 200 volts a line in the green (6230 A.) was seen. 
At 600 volts the nitrogen showed two strong green fines near the blue 
part (called N 2 ). and another very near the yellow part (called N,). N, 
consists of several lines. The relative intensities of N, and N 2 depend 
enormously on the cathode-ray velocities. Thus, at 360 volts N* disap¬ 
pears. and only the line N 2 is seen, but at 700-750 volts it is predominating. 
The layer of solid nitrogen remained luminous and showed the same green 
colour when the discharge was broken and the cathode rays cut off. and 
even after five minutes the layer of solid nitrogen was still distinctly seen 
to emit green light. The mean of spectroscopic and spectrographic 
values obtained for N 2 is 5230. and it is excited at a tension somewhat 
under 200 volts, while”its intensity relative to that of the negative band 
increases to a maximum at about 400 volts. Nj is excited at 400 volts, 
and its intensity increases very rapidly. . 

A comparison with the auroral spectrum shows that the strong auroral 
line lies in the group Nj. while N. is found to have a position corresponding 
to a conspicuous line emitted during intense auroral displays, and hence 
we may conclude " that the conspicuous green auroral spectrum is due 
to the peculiar light effect produced in solid nitrogen." Thus in both 
cases the spectra arc dominated by the negative band heads 4708, 4278. 
and 3914, and both in the auroral spectrum and in the spectrum of solid 
nitrogen the three strongest bands are followed by a second head with a 
somewhat smaller wave-length, while the relative intensities seem to be 
the same in both cases. Again. 4058. 3998. 3805. 3756 appear in tl*e two 
spectra with the same relative intensities, while the slow fading away 
of the light after an auroral display corresponds to the phenomena observed 
in solid nitrogert, and it must be concluded that the typical auroral spec¬ 
trum is emitted from that element in its solid state. This fact must be 
taken into account with respect to theories of the blue of the sky. the 
zodiacal light, the twinkling of stars, the colour variation of auroral, 
and the reflection in the upper strata of the atmosphere of electric and 
acoustic waves. Again, if other elements can be brought to emit line 
spectra when exposed to radiations, new possibilities are given for under¬ 
standing the state of the stellar nebul* and the origin of nebular lines, 
while by an accurate comparison of the auroral spectrum and that observed 
in solid nitrogen information may be obtained with respect to* the 
bombarding rays in auroral displays, particularly concerning their velocities 
and the temperature of the dust particles of the auroral region. The 
physical aspects of the results are also interesting with reference to band 
and other spectra. Spectrographs of the spectra obtained under various 
conditions are given as well as photographs of auroral spectra for 


2094. Arc Spectrum of Phosphorus. M. O. SaltmarsH. (Phil. 
Mag. 47.'pp. 8*4-882. May, 1924.)—With the exception of possible lififts 
in the infra-red, the arc spectrum of phosphorus lies completely in the 
ultra-violet, beginning at>256$. The spectrum was produced in two ways, 

(1) by feeding phosphorus pentoxide into a carbon or a copper arc, and 

(2) by passing a discharge froiii an induction coil through a Geissler tube 
containing yellow phosphorus and hydrogen at 16w pressure. Three 
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quartz spectrographs and a Hilger vacuum grating spectrograph were 
used.. The arc.spectrum consists of 36 lines from 2560 to 1672, of .which 
only four have been previously recorded., Those longer than 1864 were 
produced in two ways, and those of shorter wave-length by the discharge 
tube only. A group of five close lines from 2154 to 2136 agrees in wave¬ 
length with that calculated from the radiation potential. . The frequencies 
of all the lines are connected by systems of constant frequency differences, 
and thus the arc spectrum of phosphorus probably obeys the Sommerfeld- 
Kossel Displacement Law. The frequencies of fifteen of the strongest 
lines can be expressed by means of nine terms, and some of these lines 
can be arranged as multi-doublets. F. S. 


2095. Analysis of the Arc Spectrum of Titanium. C. C. Kless and 
H. K. Kiess. (Optical Soc. of America. J. and Rev. Sci. Inst/ 8 . pp. 007- 
645, May. 1924.)—A brief account is given of the evidence for the " dis¬ 
placement law ” that series regularities of even and odd structure alternate 
across the periodic table. Observations have been made on the arc 
spectrum of titanium from 2100 A. to 9700 A., the spectrograms up to 
2900 A. being made on a large type E Hilger quartz spectrograph. The 
multiplets presented in the table belong either to a triplet series system, 
or to the quintet systems, or to combinations between the two systems. 
All the lines classified belong to King’s (Abstract 1416 (1914)] temperature 
Classes I. II and III. Approximately 400 lines of the arc spectrum of 
titanium have been classified in both triplet and quintet systems, the 
lowest level being an / level, that is. a level for which the azimuthal 
quantum number is 4. An energy diagram is given. 

TJie prominent low-temperature lines of the spectrum which King 
has assigned to Class I are all, with one exception, members of // and fg 
multiplets of the triplet system. In structure the multiplets of titanium 
follow closely the selection principles for azimuthal and inner quantum 
numbers and the intensity rule. All the classified lines result from com¬ 
binations between terms whose azimuthal quantum numbers h differ 
by 1 or 0 . >.• *, .. 

The atomic number of titanium is 22. Bohr’s arrangement of the 
electrons in the normal state of the atom places two in the l! orbit, four 
each in the 2 X . 22 , 3 t and 32 orbits, and two each in the 33 and 4 j orbits. 
For an electron to occupy a 4 4 orbit the atom, according to this arrange¬ 
ment. would have to be in an excited state. The series converging to 
4 4 orbit would be / series, analogous to those occuring in the spectra 
of the alkalies and the alkaline earths, and would resemble in structure 
the corresponding series of hydrogen. That such, however, is not the 
case for titanium is clearly demonstrated by the series regularities pre¬ 
sented by the authors. In the normal state of the atom the series electrons 
occupy the 4 4 orbits, and the series converging to these orbits are decidedly 
unlike the hydrogen series. W- 


2096. The Apparent Selective Reflection of X-Rays by Crystals. 
W. Kossel. (Zcits. f. Physik. 23. 5. pp. 278-285, 1924 .)—The author 
discusses the phenomena observed by G. Mie [Abstract 280 (1924)] and by 
G. L. Clark and W. Duane [Abstract 2202 (1923)], and ascribed by the 
latter to selective reflection. If this is correct, the existing theory P 
radiation requires alteration, and specially so to explain the abnormal 
intensity relation between the lines (K* stronger than KJ. The author 
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shows, however, by a simple numerical consideration of Duane's curves, 
that at least the greater part of the phenomena depends on known processes; 
for the present there seems to be no reason to make any change in the 
existing theory. The intensity differences shown in Duane’s curves for 
C 5 I 3 can be explained by the fact that, as soon as the wave-lengths fall 
outside the heads of the absorption bands of the crystal materials C s 
and I, the waves suddenly penetrate far deeper, and with greater intensity, 
into the crystal, and hence are scattered with greater intensity.. The 
actual intensity ratio, at the first sudden rise, agrees numerically with 
that to be expected theoretically from the absorption coefficients in the 
case of Csl 3 , and also for reflection at the 100 planes of KI ; for reflection 
at the 100 planes the intensity ratio, however, is three times as great 
as is to be expected from the absorption coefficient ratio, and a repeti¬ 
tion of the measurements seems desirable. The original paper should 
be consulted in connection with the formation of the K lines in Duane's 
curves and for suggestions as to further investigation of the subject. It 
may be noted that B. Walters has not observed this line production 
photographically by the rotating crystal method. H. N. A. 

2097. Absorption Measurements of Certain Changes in the Average 

Wave-Length of Tertiary X-rays. S. K. Allison and W. Duane. (Nat. 
Acad. Set.. Proc. 10 . pp. 196-199. May. 1924.)—In a scries of experiments 
by Clark and Duane (Abstracts 869 and 1491 (1924)] on the wave-lengths 
of secondary X-rays the radiation from the secondary radiators has been 
found to contain tertiary radiation with a high-frequency limit v, given by 
the equation v — — v 2 . where v l is the frequency of the primary radia¬ 

tion and v 2 a critical absorption-frequency of the secondary radiator. 
Experiments on the secondary X-ray spectrum at different angles from the 
primary beam showed that, while the shortwave-length limit of the tertiary 
radiation remained fixed, the maximum of the " hump '* shifted towards 
longer wave-lengths with increasing angle. 

The authors now examine the shift of the maximum of the tertiary 
radiation by a method described by Ross (Phys. Rev. 22. p 4 524, 1923), 
the tertiary radiation of silver (0-366 A.) being studied, using absorption 
screens of iodine (K. 0-3737 A.), tellurium (K. 0-3896 A.) and antimony 
(K, 0-4065 A.), the wave-length shifts being 0-164 A.. 0-180 A. and 0 -196 A. 
respectively. It appears also that in scattering from elements as heavy 
M . 9hapc ° f thc tertiar y hum P depends to a considerable extent 

on the filtration. The results are shown to disagree markedly from the 
theory of A. H. Compton [Abstract 2194 (1923)]. A. B. W. 

2098. Corpuscular Theory of the Distribution of the Recoil Electrons 
Prod ““d by Polarised X-Rays. G. E. M. Jauncey. (Phys. Rev^ 23. 
pp. 580-582, May, 1924.)—In a previous paper [see Abstract 536 (1924)] 
a formula for the number of X-ray corpuscles scattered in a direction 
f and crossing 1 sq. cm. of a sphere of large radius R has been obtained 
for the case of the scattering of polarised X-rays. For every X-ray 
corpuscle scattered in this direction an electron recoils in the direction 
tp, where (1 + a) tan ft — cot #2 and 0 = A/mcAo, and the number of 
electrons recoiling in the direction ip and crossing 1 sq. cm. of the sphere 
can therefore be calculated. A formula for the angular distribution of 
the recoil electrons is given for any. direction of polarisation. This 
formula is applicable to Wilson photographs of recoil electrons. Author. 
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2099. Photographic Blackening-Law for X-Rays. E. Jonsson. (Ark. 

f. Mat. Astron. och Fysik, Stockholm, 18. No; 14. pp. 18-23, 1924.. In 
German.)—The author examines experimentally the relation between 
blackening and time of exposure of a photographic plate under the action 
of homogeneous X-rays. The method is applied to the photometry 
of spectrum plates. ' A. B. W. 

2100. Scattering of X-Rays. I. Maizlish. (Frank. Inst., J. 197. 

pp. 667-690, May. 1924.)—This paper presents a discussion of the possi¬ 
bility of modifying the classical theory of scattering (that of J. J. Thomson) 
so as to account for the decrease in the scattering coefficient as well as the 
asymmetry in the scattering. By assuming that the electron is made up of a 
number of parts—for simplicity, of two parts—it has been found possible to 
account for the diminution of the scattering coefficient without at the 
same time explaining the observed asymmetry. To accomplish both 
objects, the author combines this theory with that of Debye, who assumes 
that all the electrons in an atom are arranged in a single ring, and that they 
are spaced at equal intervals. A. B. W. 

2101. Tertiary Line ; . Spectra in X-Rays. D. L. Webster. (Nat. 

Acad. Sci., Proc. 10. pp. 186-191. May. 1924.)—In recent papers Clark and 
Duane [Abstracts 869 and 1491 (1924)] report the discovery of unexpected 
peaks in the ionisation spectra of secondary X-rays. The author now 
raises theoretical objections to the explanation given by Clark and Duane 
that these peaks are due to tertiary radiation, and shows that they mus 
be due to some other cause. It is now proposed, as a possibility, that the 
tertiary radiation arises from the impact of a photo-electron against a 
secondary electron in the same atom from which it came. Experimen 
are suggested to test the theoretical points raised.. A. B. • 

.•2102. Theory of the Tertiary Radiation Produced by Impacts of Photo- 
Eleotrons. . G. L. Clark and W. Duane. • (Nat. Acad. Sci., Proc. iv- 
pp.' 191-196, May,' 1924.)—The authors have recently published acc0, ’ n, ~ 
of experiments [Abstracts 1492 and 1819 (1924)] in which tertiary radiation 
duo'to the impacts of photo-electrons produced by primary X ' ra ^j. ' , 
been discovered. Reference is now made to Webster's proposed I " oa,n 
theory [see preceding Abstract], the origin of this " tertiary” ra 13 ’ 

and experimental tests are applied to discover which theory is the m 
correct/ It is concluded that *he author's theory fits the facts more sax 
factorily than the modified theory proposed by Webster. A. 

... l . ' i < . * \ */m V ’ • 

• M 2103. SomeObscYianVHtonWugO SHMzing's Paper on ” Rthitgenograph*- 

chdmxcal IntestigaiibHsr'’ M. Siegbahn. (Zeits.‘phys. Chem. 100. 
pp. 481-434, 1924.)—This f>aper deals with Stintring's redent P u ^ a f 
[see Abstract 916 (1923)] on the use of Rdntgen-spectroscOpic methoo 
chemical 1 purposes, and to his : criticism of the accidental characte 
Siegbahn’s work/ Stintring’s apparatus is therefore discussed at lengt^. 
and not only its Oot-of-dateness pointed out. buGthe vital condition 
sufficient 1 tevaonation Emphasised when the function of the Rdntgen 
follows well-khown rules.''FromS tin tzing’s description of his method, 
the negative character of his results, the author concludes that this 
other precautions have not been properly Observed. These ex pen men 
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mistakes are shown to be avoided in the improved form of apparatus used 
by the author. • H. H. Ho. 

2104. The Nature of the Relativity R&ntgen Doublets. A.Land 6 . (Zeits. 

f. Physik, 24. 2. pp. 83-97, 1924.)—A previous paper [see Abstract 2433 
(1923)) has dealt with Rontgen spectra by means of a model in contrast 
to the relativity method of Sommerfeld in 1916, and is based upon the 
analogy first noticed by Grotrian between the Rontgen term-structure 
and the optical doublet terms. A series ot experimental facts are now 
discussed which are incompatible with the relativity conception of the 
Rontgen doublets, and support instead an interpretation analogous to 
the optical alkali doublets. The question as to why both kinds of doublets 
fit in with relativity interval formulae is regarded as a fundamental diffi¬ 
culty for the quantum theory of atomic structure. An after-note deals 
with the incompleteness of the Bohr theory of spectra as responsible for 
the incompatibility of the relativity and optical standpoints for the nature 
of the Rdntgen doublets. H. H. Ho. 

2105. Soft X-Rays from the Heavy Elements. Tantalum, Tungsten, 
Osmium, Iridium, Platinum and Gold. J. C. Boyce. (Phys. Rev. 23. 
pp. 675-579, May, 1924.)—Soft X-radiations excited by electron bombard¬ 
ment at voltages between 30 and 1500 volts were studied by the use of 
Kurth's apparatus, in which the photoelectric effect of the radiation per 
unit electron current is measured. In this range for each metal from 
6 to 9 critical voltages were located to within about 5 per cent. The 
results are in fair agreement with the values Bohr and Coster predicted 
for the ionization potentials of the N-level electron orbits, by means of 
the combination principle, from the X-ray wave-lengths measured by 
Siegbahn and others. The limitations of the method arc considered and 
also the extent to which agreement is to be expected between the two 
different methods of measuring the energies of these levels. Author. 

2106. Intensities in X-Ray Spectra. A. Dauvillier. (Comptes 
Rendus, 178. pp. 1522-1624, May 5. 1924.)—It is important to obtain 
values of the ratios ai/a^, ft/ft, (ft + ft)/y. etc., in order to check calcula¬ 
tions of the probability of transfer from one orbit to another. The method 
used was to pass the rays through layers of aluminium, and to compare 
the thicknesses which for two different A’s produced the same amount of 
absorption. The rays investigated were the K-series of molybdenum 
and silver and the L-series of gold and uranium. For the K-series, the 
ratio a l /a 2 was the same as ft/ft, namely, two. The values of (ai + a 2 )/y 
and (ft -f ft)/y were about five. This leads to the conclusion that the initial 
levels for the K-series contain four and two electrons respectively. The 
results for the L-series are based on observations of eight gold rays and 
ten of uranium. The ratio of the L 3 components is not much less than 
two. The ratios of the terms ft, y 1( and yj were about five, while the 
quotient of the components a«, a® of the other term is nearly seven. 

A. C. M. 

1 1 f \ i <1 | m > * • 

2107. X-Ray Absorption Spectra of Potassium and Calcium. A. E. 
Lindh. (Ark. f. Mat. Astron. och Fysik, Stockholm, 18. No. 14. pp. 12-17, 
1924. .In German.)—The results of this investigation are indicated in 
the following table, the critical absorption wave-lengths, using the 
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cobalt Kai line, having been determined for potassium and calcium in 
the form of element, and combined chemically:— 



A. 

*/R. 

. AV (lo 

K 

3431-0 

265-59 

" ! • ■■ • •• 

KCN 

3429-3 

0-73 

1-8 

KCNS 

3428-7 

0-77 1 

2-4 

KI 

3428-3 

0-80 

2-8 ’ • • 

KC1 

3428-0 

0-82 

3-1 

K 2 S 2 O d 

3427-3 

0-86 

3-9 

KoS0 4 

3426-7 

0-93 

4-5 

KCIO 4 

3426-3 

0-95 

4-9 

Ca 

3064-3 

297-38 

_ 

CaCOy 

3060-5 

0-74 

5-0 ’ 


A. B. W. 


2108. X-Ray L-Absorption Spectrum of Iodine. J. G. Tandberg. 
(Ark. f. Mat. Astron. och Fysik, Stockholm, 18. No. 14. pp. 1-2, 1924. 
In German.)—Gives an account of a series of measurements of the 
L-absorption frequencies L |t L 2 and L 3 of iodine in the form of element, 
Nal, NaI0 3 and NaI0 4 . The results are included in the following 
table :— 



Subitance. 

X. 

v/R. 

AA. 

.Ar/R. 

AV. 


' 

I 

PI 

336-1 

0 

0 

0 

T . . 


, Nal 


336-5 

— 3 

i-m a W.l 

5 

1-1 . 


NaI0 3 


336-4 

— 2 

0-3 

4 


- 

NaI0 4 

2703 

337-1 

— 8 

1-0 

13 


' 

I ’ 

2548 

357-6 

0 

0 

m 



Nal 

2542 

358-4 

— 6 

0-8 


L 2 


NaIO s 

2544 

358-3 

- 6 

msm 

to 

« | 


NaI0 4 

2541 

358-6 

— 7 

10 

m 



I 

, 2402 

379-2 

0 

0 , 

nwj 



Nal 

2397 


- 5 


11 

l 3 < 


NaIOs 

2398 

380-1 

• t 1 

— 4 

0-7 

9 



NaI0 4 

' 2397 

• 380-2 

— 5 

0-8 

.. 11 


In the table R is Rydberg’s constant 109-737 cm. — 1 and v = 1/A; * or 
Einstein's formula eV = Avis determined the voltage difference AV between 
iodine free and combined. The table indicates that the L-absoiption 
relations are not so simple as the K-absorption series for iodine. .1 ^ 

•j'i i* • • 1 - ]• .iff ct ,A. B. 


"iia> 1* 
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2109. Structure of the Kfii Line of Sulphur. A. E. Lindh and O. 
Lundqulst. (Ark. f. Mat. Astron. och Fysik, Stockholm, 18. No. 14. 
pp. 3-11, 1924. In German.)—Hjalmar has shown [Abstract 914 (1922)] 
that the K£j line of sulphur is not simple, but a satellite on the short 
wave-length side. Using a Siegbahn precision spectograph, exact measure¬ 
ments are now made of this “ line " when the element rhombic sulphur 
is used with anticathodes of Cu, Zn and Fe ; the sulphides of Cu. Sn, 
Ag, P, Cr, Zn, Pb, Cd, and Fe with copper anticathode ; and the sulphates 
of Zn, -Su, Fe, Pb, Ag, and Cd with copper anticathode. The results are 
very surprising. Taking the pure element, the doublet appears with 
the copper anticathode, but not with zinc or iron anticathodes. Similarly, 
the doublet appears with the sulphides of Cu, Sn, Ag and P, using a 
copper anticathode, but not with the sulphides of Cr, Zn, Pb. Cd and Fe. 
The doublet appears with all the sulphates with the exception of cadmium. 

A. B. W. 

2110. Development of the Rotating Crystal Method of X-Ray and Crystal 

Analysis. M. Pol&nyi, E. Schiebold and K. Weissenberg. (Zeits. 
f. Physik, 23. 6. pp. 337-340, 1924.)—A brief note referring to the history 
of the method. The original should be consulted. A. B. W. 

2111 . X-Ray Investigations with Amalgams. C. v. Simson. (Zeits. 

phys. Chem. 109. 3-4. pp. 183-198. 1924.)—Using the powder method 
of X-ray analysis due to Debye and Schcrrcr, the author examines the 
structure of amalgams of zinc, tin, cadmium and lead. The paper includes 
reproductions of X-ray spectra of the amalgams containing varying 
percentages of these elements. • < .• , A. B. W. 

2112. Precision Apparatus for X-Ray Measurement. S. K. Allison 
and G. L. Clark. (Optical Soc. of America. J. and Kev. Sci. Inst. 8. 
pp. 681-691, May, 1924.)— A detailed description is given of the X-ray 
research installation at the Jefferson ‘ Physical laboratory. Harvard 
(Professor W. Duane), with a comprehensive list of references in con¬ 
clusion. Details are given for using two X-ray tubes in parallel with 
the same transformer. Ionisation chambers have been standardised and 
built of pyrex glass. Improved variable resistances for accurate adjust¬ 
ment in the filament heating circuits of Coolidge tubes have been devised. 

A. B. W. 

RADIO-ACTIVITY. 

2113. Acoustic Observation and Galvanometric Registration of Elemen¬ 
tary Rays and Single Ions. H. Greinacher. (Zeits. i. Physik, 23. 6. 
pp. 361-378, 1924.)—Two methods are described, in which sounds are 
produced in a telephone by individual corpuscles; both make use of the 
Geiger counter. In the first the pointed rod of the counter was connected 
to the grid of a triode valve, and the telephone with a 20-volt battery 
in series was placed in the anode circuit; the cylinder of the counter was 
connected to the + pole of a rectifier, which gave a voltage of about 
1600 volts. •>In the second method the rectifier was replaced by an electron 
tObe, combined with a condenser, the same battery being used to heat 
the cathode of this tube and those of the amplifying valves. > The cylinder 
of the Geiger counter is in this case connected to the grid of the triode 
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valve, which actuates the telephone. This somewhat alters the working 
of the valve, as each discharge causes a diminution of the anode current* 
while, in the case of the first method, a discharge causes an increase in 
the anode current. The theory of the two methods is discussed, and it 
is shown that in the second it is essential to provide a high-resistance 
leak, connecting the grid to the cathode, as otherwise the dynamic negative 
rest potential of the grid will rise so high, with rapidly repeated discharges, 
that no sound will be produced in the telephone. When a polonium 
preparation was brought near to the counter noises began at irregular 
intervals when the distance was equal to the range of the a-particles; 
further diminution of the distance produced a rattling noise, which finally 
became a hissing with no definite pitch. The mean value obtained for 
the range, using the first method, was 3’85cm. at 15° C. and 760 mm,, 
which agrees with the latest values obtained by other methods. It is 
possible to use the method for demonstrating the phenomena to an audience, 
and several suitable experiments are described. Photoelectric electrons 
can be made audible by illuminating the point of the counter with an 
arc lamp, and the effect of ions formed outside the counter was found 
to be considerable in the case of Method II. The paper also describes how 
the elementary rays can be registered photographically by means of a 
galvanometer ; and several records arc reproduced, which show that it 
is possible to distinguish between the records of a- and /3-particles, the 
momentary deflections being much larger for the former than for the 
latter. • • • H. N, A. 


2114. The Law of Probability Applied to the Radio-Active Radiation of 
Polonium. W. Kutzner. (Zeits. f. Physik, 21. 5..pp. 281-298, 1924.)— 
The a-radiation of polonium docs not always obey Bateman’s probability 
formula for a phenomenon of a purely fortuitous character. A photo¬ 
graphic method of registering the emission of individual a-particles was 
employed, using a string galvanometer actuated by a Geiger chamber, 
into which the individual particles passed and excited a momentary brush 
discharge from a point kept at a high potential. Equal time intervals 
were marked on the photographic ribbon, and for each interval the number 
of galvanometer deviations, i.e. the number of a-particles, was counte 
It was found that the time intervals in which the number of particles was 
near the mean value were more frequent, and those in which the num er 
was far from the mean value less frequent, than was to be expected from 
the laws of probability; in other words, the "cocked-hat'' curve was 
distorted, rising to a higher, narrower point at the middle portion. This 
subnormal dispersion was greater the greater the activity of the preparation 
per square millimetre, and as the preparation grew weaker with the laps 
of time the agreement between experiment and the probability law 1 
proved. The phenomenon is not altogether due to scattering, the oxidation 
of the surfaces and diffusion of polonium into the metal on which it j 
deposited, though all these causes affect it; it is assumed that the sung 
radio-active polonium atoms mutually influence one another, so tnar 
disintegration of one may accelerate that of a neighbour, or that the sw& 
a-particles act on some of the polonium atoms with which they coin . 
Shattering them in the same way as they do certain of the lights *U*o* • 

The times between the ejection of successive a-particles do not louo 
ordinary probability law** short time intervals are more, frequen^wj- 
long intervals less frequent than this law would indicate. - ,r »•«* 
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2115. Separation of Polonium from a Sodium Hydrate Solution by 

Various Solids. J. Escher-Desrlvteres. (Comptes Rendus, 178. 
pp. 1713-1715, May 19, 1924.)—The separation of a dissolved radio-active 
substance by a solid phase in the solution depends on the composition 
of the liquid phase. This has been studied for polonium in sodium hydrate, 
using solid bismuth hydrate [see Abstract 2443 (1923)). The author now 
employs as separating solids ferric hydrate and animal charcoal. The 
specimens of animal charcoal employed were purified by boiling in HC1. 
The adsorbing power varied considerably’ in the experiments according 
to the length of this treatment; this may be due to carbonate and phosphate 
of calcium in the animal black. The separation of the polonium depends 
on the number of molecules of sodium hydrate per cc. of the solution, 
and the curves show that there is a marked discontinuity for a certain 
concentration tfith the three solids employed—bismuth hydrate, ferric 
hydrate and animal black. If n is the number of tenths of a cc. of 
7-normal sodium hydrate in 3 cc. of the solution, X the ratio of the 
quantity of polonium dissolved to the quantity separated, m the mass 
of the solid, the graphs obtained can be empirically represented by the 
equation X =* ae**m k where a depends on the natute of the solid, and 
a and k are constants ; a has two different values, a 0 for n <; 9 and 
a' <=» 0* 4a for n > 9. This discontinuity may correspond to a change 
in the nature of the ion or of the complex in which the polonium is 
engaged. In a feebly alkaline solution (decinormal) polonium is removed 
entirely by traces of solid9 or is deposited rapidly on the walls of the 
containing vessel. In a concentrated solution the polonium remains 
dissolved. It is probable that in feebly alkaline solutions the polonium 
is fixed to colloidal aggregates contained in the solution. H! N. A. 

2116. The Relation Between Uranium and Radium. Part VIII. The 
Period of Ioniutt} and the Ionium-Thorium Ratio in Colorado Carnotite 
and Joachimsthal Pitchblende. F. Soddy and A. F. R. Hitchins. (Phil. 
Mag. 47. pp. 1148-1158. June, 1924.)—The period of ionium has been 
redetermined from the rate of growth of radium in the uranium prepara¬ 
tions purified from fifteen to eighteen years ag 6 in 1919 the rate of 
growth of Ra was found to be proceeding with the square of the time, 
with 237,500,000 years as the product of the periods of average life of 
Io and Ra, which gave 100,000 years for Io. In the new determination 
the average life of Io, 1/A 2 is calculated from the formula 

1/Ajg = i(U/Ra)(3-4 x 10” 7 /2375)T 2 , 

where Ra grammes of radium are produced from U grams of uranium 
in T years. The value finally adopted is 1-1 X 10* years. Expres¬ 
sions arc worked out which allow the quantity of ionium in an 
ionium-thorium mixture to be found by determining the rate of growth 
of radium in it by* emanation measurements; using these expressions, 
it is not necessary to wait for transient equilibrium. Experiments with 
American carnotite gave the ratio Io: Th '£» 23 t calculating from the 
amount of thorium the y-radiation due td mesothorium in this mineral, 
it was found that as much is 3 parts per 2000 of the y-radiation of 
carnotite radium may, as a maximum, be due to thoriOm products, which 
is below the etror of y*ray measurements.' Two specimens of ionium- 
thorium, separated from different products obtained in .working up 
Joachimsthal pitchblende, gave the. ratio Io: Th = 1:0-9. For the 
vou xxvii. — a.—1924. 
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ionium-thorium prepared from St. Joachimsthal material bv Haitinger 
and Ulrich and A. v. Welsbach in 1908-1910. the atomic weight 231-51 
has been found, and the ionium-thorium ratio 3:7 has been deduced. 
Meyer and Ulrich have found in one preparation from the same source 
nearly equal quantities of ionium and thorium, and although these 
investigators find variations in different specimens of Joachimsthal 
pitchblende, which they discuss in connection with the supposed parent 
of thorium, the authors consider that the divergence in the case of the 
preparation of Haitinger and Ulrich was due to its having been worked 
up in a thorium factory and contaminated by dust containing thorium. 

• H. N. A. 

2117. Motion of Radio-Active ions in the Bunsen Flame. E. N. da C. 
Andrade. (Zeits. f. Physik, 22. 6. pp. 345-346, 1924.)—Remarks on the 
work of H. Schonborn on this subject [see Abstract 1099 (1921)]. Schdn- 
born found that positively charged carriers in a Bunsen flame attain 
velocities of 300-cm. sec./volt. cm. as compared with velocities of 2*6 cm. 
sec./volt.cni. previously found by the author [Abstract 1567 (1912)]. 
Schonborn states that such high velocities, 300 cm./sec., cannot be ex¬ 
plained as due to the temperature of the flame. 

The author also refers to H. A. Wilson’s remarks [see Abstract 99 
(1910)1, in which Andrade’s value is criticised as being too high (comparison 
being made with Wilson’s value, 1 cm./sec. per volt/cm.). The author 
now gives further support to the views previously expressed, and criticises 
Schdnborn’s results. ..... A. B. W. 

2118. The Geiger a-Particfe Counter. W. Kutzner. (Zeits. f. Physik, 
23. 1-2. pp. 117-128, 1924.)—The object of the paper was to discover 
the paths which beams of a-rays must traverse in the chamber if the 
a-partic^es are to be counted with certainty by means of the above appar¬ 
atus. The electrical arrangements were those employed by the author in a 
previous paper [see Abstract 2114 (1924)]. and the a-rays from a polonium, 
preparation were sent through a narrow hole in a brass screen into the 
chamber, in numerous different directions, through a thin sheet of alu¬ 
minium which closed a slit in the hemispherical end of the cylindrical 
Chamber. It was found that, to be able to get a record of all the a-particles 
entering the chamber, it was necessary that the beam should pass through 
the aluminium foil inside a small surface of about 3 mm. diameter, the 
centre of which coincided with the prolongation of the axis of the pointed 
platinum wire, from which the brush discharges took place. The angle 
between the direction of the a-ray beam and this axis was not important 
as long as it was. not so great that the thickness of aluminium, traversed 
by the a-particles was sufficient to cause absorbtion. The records of the 
counter were compared with actual counts with a zinc sulphide screen, 
and the agreement was,fairly good, the counter giving*about 6 per cent, 
ipore particles, than the screen. When voltage is switched on to the counter 
discharges take place, and on the inner wall a layer is formed which can 
retain a strong negative charge ; this charge hinders further discharge. 
If an a- or jS-particle passes through this layer its. ipnising .action removes 
or diminishes the negative charge;of the layer,, and a new point discharge 
takes place ; experiments *ro described which confirm this view;, *»• 

2119. The Radio-activity of the Rocks. Jl Joly. (Chem. Soc.. J- 
!«2fc. p’p‘. 897-907. April; i»24.)—Although the acid rocks contain more 
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uranium and thorium than the basic rocks, the ratio between the amounts 
of these two substances does not vary much from 1:2. This ratio must 
have been changing throughout geological time, and must continue to 
change, since the rate of decay of uranium is nearly three times that of 
thorium. It is suggested that all rock families originated in a world- 
magma by processes of differentiation which do not select between 
uranium and thorium. Lord Rayleigh has concluded that the first-formed 
silicate in rocks—zircon—is exceptionally rich in radium ; it is suggested 
that this is due to the fact that zirconium oxide is isomorphous with the 
oxides of uranium and thorium, which may have caused the accretion 
by zircon of the radio-active elements from the magma. The intense 
ionisation round the zircon may be supposed to be favourable to the 
crystalline growth of molecules round it, and the growth of mica or horn¬ 
blende round zircons may originate in this way. The haloes produced 
by radio-active action are described, including the effects of* reversal and 
the relation between the halo, the age of the rock, and the amount of 
radio-active material in the central nucleus. The author has found 
haloes in the micas of Ytterby, of mid-Archxan age (pre-Huronian), 
which cannot be reconciled with those from known radio-active elements. 
There appear to be two varieties, X!- and X 2 -haloes. The nearest haloes 
to these are those of thorium, but the differences arc such that it is not 
possible to ascribe them to this substance. These X-halocs may be 
regarded as evidence of an unknown clement, which has vanished from 
the earth, or of an undiscovered radio-active element. In the same 
Ytterby mica, in rare instances, haloes of minute dimensions, and all 
completely bleached or reversed, are found; they arc known as hibernium 
haloes. If the conversion factor in this mica be roughly taken as 2000, 
the range, in air, of the rays responsible for the smaller hibernium halo 
would be little more than 1 cm. These haloes may possibly be generated 
by one of the known elements, for they must, as shown by their 
minute trajectory, originate from an clement so feebly radio-active that 
no known method would detect its radio-activity. H. N. A. 

2120. The Radio-active Constant of Radon. Ir&ne Curie and C. 
Chamit. (Comptes Rendus. 178. pp. 1808-1810. May 26. 1924.)—This 
constant was determined by Madame Curie in 1910, and by Rutherford 
in 1913, both obtaining T = 3 -85 days for the period of radon ; in 1921 
Bothe and Leechner found T = 3*810 days. Suppose two similar bulbs 
are used, containing exactly equal quantities of radon in equilibrium 
with the quickly evolved active deposit, and that one of them is placed 
in an ionisation chamber, the moment t when the current i passes through 
a given value a being noted ; if the two bulbs arc placed together in the 
chamber, when the quantity of radon has been reduced to one-half, the 
same ionisation current a will be produced at time t' and t' — t = T, 
the half-life period. In practice it is not possible to obtain two bulbs 
with exactly equal quantities of radon, and the authors work out a formula 
for the case where the quantities are not simultaneously equal. Suppose 
the first bulb contains more than the second ; determine the time fj when 
*i» the ionisation current produced by this bulb, is a; take out bulb 1 and 
replace by bulb 2; let Zg be the time when the ionisation current « 2 is a\ 
place both together in the chamber, and determine /' the time when the 
current i' = a ; then if /, and t 2 are nearly equal (nearly equal radon bulbs), 

T = t' — + / 2 ). In practice two ionisation chambers were employed ; 
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in the first the bulb was placed at the end of a metal tube and acted through 
about 12 mm. of lead ; the current was balanced against the constant 
current a produced in the second chamber by a bulb of radium. Four 
experiments have been made, the results agreeing to within 1 in 1000. 
The final value is T = 3-823 days, correct at least to 1 in 2000, and 
probably closer than this. H. N. A. 

2121. Secondary fi-Rays Produced by X-Rays in a Gas. P. Auger. 
(Comptes Rendus, 178. pp. 1535-1536, May 5, 1924.)—In a previous 
paper [Abstract 1503 (1924)] the author has suggested how the study of 
secondary /?-rays, by C. T. R. Wilson’s method, may give certain infor¬ 
mation relative to radiation quanta and the absorption of /?-rays by 
matter. Reference is now made to a statistical analysis of experimental 
results. It is shown that the secondary /?-rays have a tendency to travel 


in a 


where a 


privileged " direction given by the relation cos 6 
at the instant of their creation. 



A. B. W. 


2122. High-Frequency y-rays from Radium. J. Thlbaud. (Comptes 
Rendus, 178. pp. 1706-1709, May 19. 1924.)—The method of de Broglie, 
with certain improvements, has been used to register photographically 
the secondary, high-velocity /?-rays from a secondary radiator of thick 
lead surrounding a preparation of radium bromide: Lines indicating 
/frays with the following energies in kilovolts were obtained :— 


l. 

152 


2 . 

202 


3. 

258 


4. 

330 


r 6 - 

516 


«. 

593 


7. 

671 


8 . 

1034 


The first three agree with lines found by Ellis for radium B, which is an 
isotope of lead ; the fourth has been observed by de Broglie and Cabrera,* 
6, 6 and 8 correspond with the lines K, H and G of the /?-ray spectrum 
of RaC. Strictly speaking, bismuth, which is the isotope of RaC, should 
have been employed to determine the last three lines, but the variations 
Of the energies of the levels between RaB and RaC is of the order of the 
experimental errors. The y-ray producing 6, which originates in the 
K level, and 6, which originates in the L level, has energy corresponding 
to 605,000 volts, while that producing 8, which originates in the K level, 
has 1,123,000 volts energy. The difference between the energies of the 
£ rays 5 and 6 is 77.000 volts, which corresponds well with the differ¬ 
ence 76,000 volts between corresponding pairs of lines belonging to the 
K and L levels in the spectrum of RaC. The results have been confirmed, 
using radiators of platinum and uranium. It is necessary to assume, 
with Ellis, a. level structure in the interior of the nficleus, and to apply 
the combination principle to the y-rays. 1 The author’s results show thjrt 
electronic drops take place -within the nucleus, which greatly exceeo 
1,000 000 volts. Line 7 of the secondary ^-radiation from lead, whicn 
is of medium intensity, has nearly the same energy as a rather weak line 
in the spectrum of RaC, which has not been assigned either to the K or 
L layers. ” 
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2123. A Direct-Reading Pyrometer of the Disappearing Filament Type. 
F. H. Schofield and D. C. Gall. (Journ. Sci. Instruments. 1. pp. 193- 
198, April, 1924.)—The normal working range of an instrument of the 
disappearing filament type is about 700°-1400° C. As it is usually 
calibrated in terms of the current passing through the filament, it means 
that about the first half of the ammeter scale is wasted. Further, it is 
not convenient to engrave direct reading temperature scales on the 
ammeter, since it is difficult to replace a broken lamp by another one 
having an identical current-temperature relationship. To overcopie 
these drawbacks the authors have devised a bridge method in which 
the pyrometer lamp forms one arm, the other arms, a, a, d, being of 
manganim (see diagram). The value of d is so chosen that with the 
filament running at any particular 
temperature (say 700° C.) the bridge t 

is balanced. If now the current in 

the bridge is increased by adjusting C/\ 

the rheostat r, there will be an out- 

of-balance deflection in the galvano- I / 

meter. The resistance in series with 
the galvanometer is fixed at such 
a value that the extreme end of 

the scale is made to correspond with wiwuwir.i w 

a certain upper limit of tempera- | ,_ a r 

tnre (say 1300° C.). It is shown that •* 7 

the scale law for this bridge arrangement is approximately the same as 
the current-temperature relationship of the filament. A small Weston 
ammeter may be used as a galvanometer, and if the balance position is 
chosen somewhere between the extremes of the desired range of tempera¬ 
ture, the deflection in both directions can be utilised by reversing the 
main current, thus utilising double the length of the dial. It is found, 
for a similar batch of lamps, that if the ends of the temperature scales 
are made to correspond by suitable choice of the resistances a, a, d, b, 
then the intermediate points will coincide closely. [See also Abstract 111 
(1924).] W. C. S. P. 


2124. A Sensitive Optical Lever Method for Measuring the Thermal 
Expansion of Small Specimens. J. Guild. (Journ. Sci. Instruments, 1. 
pp. 198-204, April, 1924.)—The method employed is a comparative one, 
the quantity measured being the difference in expansion between the 
specimen under test and an equal length of material for which the 
coefficient is known. The specimens are made with flat and parallel 
ends, and stand side by side on an optically flat surface. A second optically 
flat surface rests on three small spheres, two of which are seated on the 
upper end of one of the specimens, the third being supported by the 
other specimen. At least one of the plates must consist of transparent 
material, so that lightmaybe employed to measure the inclination between 
them. A plate of glass about 5 mm. thick and of good optical quality 
is placed in front of the eye.piece of a small astronomical telescope, so as 
to reflect light from a horizontal slit to produce an image of the slit in 
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the focal plane of the objective. If the emergent light falls on a flat 
reflecting surface approximately at normal incidences, the reflected beam 
will re-enter the telescope, and a real image will be formed in its focal 
plane. Any rotation of the reflecting surface will be accompanied by a 
shift of this real image, and the change in inclination is measured on a 
micrometer scale placed in the focal plane of the eye-piece of the tele¬ 
scope. When using this arrangement for expansion measurements, the 
beam from the telescope is partially reflected both from the surface sup¬ 
porting the specimens and from that supported by them. The separation 
of the images measures the departure from parallelism of the two surfaces. 
Precautions are taken to eliminate undesirable reflections. In practice 
use is made of a series of parallel slits (illuminated by means of a 600-c.p. 
" Pointolite ” lamp) in order to increase the range of the apparatus. 
Readings on the eye-piece scale can be made to 0-01 mm. As the magnifi¬ 
cation of the optical lever is 389-6, this corresponds to the measurement 
of a change in length of approximately A/20 for green light. The method 
is suitable for specimens of any length up to 6 or 6 cm., and was originally 
devised for work on the expansion of optical glass. W. C. S. P. 

2125. Specific and Latent Heats of Iron and Steel. A. Mallock. 
(Nature, 113. pp. 568-567, April 19, 1924.)—The rate at which heat is 
lost for a given change of temperature above and below the point of 
recalcsccnce does not seem to have been fully investigated. Experiments 
are described [see Abstract 1835 (1924)] in which iron and steel wires 
were heated and cooled and the variation of length with temperature 
was automatically recorded in terms of time. In one series the wire was 
slowly heated and cooled in a tubular furnace, and in another series the 
heating was effected by means of an electric current passed through the 
wire. Both series were carried out in an atmosphere of nitrogen. The 
contraction curve recorded during furnace cooling showed no trace of 
any peculiarities at the temperature of recalescence, whereas the curve 
recorded during the air-cooling consisted of three separate parts, namely. 

(а) that from the highest temperature to the temperature of recalescence, 

(б) from the beginning to the end of the duration of recalescence, (c) from 
the end of recalescence to the ordinary temperature. Both the curves 
[a) and (c), as also the furnace-cooled curve, can be very closely repre¬ 
sented as exponential functions of the time. It is suggested that w« 
perfectly pure iron, at the temperature corresponding with the intersectio 
of the two curves, the change of state would be instantaneous, no heat 
would be rendered latent, and the only change would be in the^spocme 


. 2126 . The Specific Heats of Magnesium, Calcium, Zinc, Aluminium 

and ‘Silver at High Temperatures. E. D. Eastman, A. M. WiUian 13 
and T. F. Ybui>*i ( Am - Chem * S 00 ’ J- 46 - PP- 1178-1183. May,<1924.) 
Measurements of the specific heats of these metals were carried out y 
the method of mixture in the temperature intervals between lW — 
and the melting-points of the metals. The results obtained are estimat 
to be correct to about 1 %. A transition point in calcium at abou 
400° C. was revealed by a break in the “ total-heat " curve at this tempera¬ 
ture, which was confirmed with a second sample and also with sc '' era 
differential cooling curves. No evidence of transition points which bav 
been reported in the literature for zinc could be detected either by 
mixture method or-the cooling curve method. r : ,, aIV. G- a. 
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2127. Convective Cooling in Liquids—Some Thermal Conductivity Data. 
A. H. Davis. (Phil. Mag. 47. pp. 972-975. May. 1924.)—In some 
previous work by the author [see Abstract 340 (1923)) on the cooling of 
horizontal wires in various liquids, it was assumed that the thermal 
conductivities of the liquids were independent of the temperature. C. W. 
Rice, however, has deduced for these liquids a positive temperature- 
coefficient of about 1 % increase per degree temperature rise. To test this 
result the author has carried out tests by the Goldschmidt method, an 
electric current being passed along a fine platinum wire placed along the 
axis of a horizontal silver tube filled with the test liquid. The current 
necessary to maintain a measured difference of temperature between the 
wire and the walls of the tube was measured. For each liquid the 
experiments were carried out at two or three temperatures in the range 
16°-80°C., and the results show for toluol and carbon tetrachloride tem¬ 
perature-coefficients of — 0-002 and — 0-003 per degree C. respectively. 
Very small negative values were obtained for olive oil and aniline. 

W. C. S. P. 

2128. The Thermal Energy of Electrons in Metals. E. D. Eastman, 

A. M. Williams and T. F. Young. (Am. Chem. Soc., J. 46. pp. 1184-1196. 
May, 1924.)—It has been generally assumed that because the atomic 
heats of most metals are approximately 3R at ordinary temperatures 
only a very small part of their heat capacity is due to their electrons. 
At high temperatures the specific heats of many metals are known to 
exceed 3R considerably, but it is not known how much of this excess is 
due to the difference of their specific heats C p — C„. i.e. to the work of 
expansion of the metal. The authors have therefore collected values of 
Cp of a number of metals at high temperatures and made a study of the 
dependence of C p — C, upon temperature. It has been found that the 
simple empirical equation C* — C 9 = AT fits all the data tested. From 
a critical examination of the data examined it is concluded that the excess 
of C„over 3R in the case of most metals cannot be explained by an assumed 
departure by the atoms from simple harmonic oscillations. The fact 
that " excess " heat capacity frequently corresponds with electropositive 
character of metals is taken to support the view that the explanation is 
to be found in the presence of loosely bound electrons in the metals. 
At fairly high temperatures the high value of the heat capacity is due to 
the rate of gain of thermal energy by these electrons. Some apparent 
exceptions may be due to variation among the metals of the number 
of electrons involved in the effect. T. B. 

2129. Probability of Quantic States. E. Fermi. (Accad. Lincei, Atti, 

32. ii. pp. 493-495, Dec. 16. 1923.)—The probability p = c-*/ KT of 
any particular state of an atom, with corresponding energy to, leads if 
tv = — A/* 2 to p = C< A / KT '*, in which C = oo , if all quantic states 
be possible. The author reaches an expression for the number of atoms 
in each quantic state, for which the energy per atom is w and the atomic 
volume is v ; namely. « = C.€ - */ KT . e~ 4Nr , where N is the whole 
number of atoms per unit volume of the gas and C is determined by the 
condition that 2(n) “ N. The number of quantic states cannot be 
high at ordinarily low pressures. • . A. D. 

«f r r l* ft )f « •••*•? * • 

( t 1 V V*i , ill |. tif .. •. r« tt • * •*• 
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ELECTRICITY AND MAGNETISM. ' 

THEORY, ELECTROSTATICS, AND ATMOSPHERIC 

ELECTRICITY. 

2130. Transformation of Electric and Magnetic Forces in a Plane Wave, 

in a Plane Normal to the Direction of Relative Motion of Two Observers. 
V. Karapetoff. (Phys. Rev. 23. pp. 239-244, Feb., 1924.)—Two ob¬ 
servers are assumed to move along the X axis and to measure the com¬ 
ponents of the electric intensity E(E lt E 2 . E s ) and magnetic intensity 
H(Hj, Ho, H3) of a plane electromagnetic wave propagated at an arbitrary 
angle to the X axis. According to the theory of relativity, the two observers 
will find the same values of the components E 2 and Hj along the X axis. 
The components E 2 , E 3 , H 2 , H 3 , along the Y and Z axes, are replotted in a 
novel manner in the so-called computing plane, which consists of two sets 
of oblique coordinates. The angle comprised by each set is uniquely 
determined by the relative velocity of the two observers. In the computing 
plane a transformation point M is located such that its abscissa and 
ordinate with respect to one set of oblique axes gives the components 
E 2 and H s of the wave intensities as measured by one of the observers, 
while its coordinates with respect to the other set of axes gives the values 
of the same components as measured by the other observer. Another 
transformation point N gives the components E s and H 2 for the two 
observers. It is shown that the loci of M and N are ellipses. The results 
obtained are shown to check with the well-known equations of the theory 
of relativity. The location of the points M and N is shown in two simple 
special cases, and instructions arc given for locating them in the general 
case. Author. 

2131. Diurnal Variation of the Potential Gradient of Atmospheric 

Electricity. S. J. Mauchly. (Nat. Research Council, Bull. 7.pp. 131- 
136, Jan., 1924. Abstract of report to Am. Gcophys. Union, April, 
1923.)—A less detailed account of results published in another paper 
[see Abstract 591 (1924)]. M. A. G. 


DISCHARGE AND OSCILLATIONS. > ’ 

2132. The Active Agents in Luminescent Zinc Sulphides ,‘ WflttMt** 
and Kunzites. T. Tanaka. (Optical Soci of America, J. and Rev. 
Sci. Inst. 8. pp. 659-607, May, 1924.)—The chief active agent is difficult 
to determine owing to the numerous impurities in zinc ores; of whic 
Fe, Cd, Cu and Mn are very frequent. Previous researches are briefly 
discussed, from which the author deduces that the origin of the luminescence 
of zinc sulphide is probably some agent or agents in solid solution. s,nce 
pure zino sulphide is almost impossible to ‘Obtain; even a highly fraction¬ 
ated sample will show a- perceptible luminescence. The active agen , 
which is probably very difficult to separate from zinc sulphide, may aW® 
be unable to produce any prominent luminescence, but may require * 
presence of some salt as a flux—an effect known in the case of Lena* 44 
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and Klatt’s sulphides. From the latter the amount of active metal giving 
maximum brightness of luminescence is found to be of the order of 0 01 %, 
so that traces of an impurity too minute for chemical analysis may show 
very remarkable luminescent power. Experiments are now described 
on four samples of zinc sulphide and two of zinc blende, 48 luminescence 
bands being found which belong to three constant-frequency-interval 
series, having intervals of 17*4, 17-7, and 18-2 (in 1/A.U. x 10 7 units). 
The bands of the first series coincide with those of thallium; those of the 
second series do not appear to belong to any of the 42 metals previously 
studied [Abstract 1889 (1924)]; and the third nearly coincide with those 
of erbium. The author is of the opinion that the latter is accidental, 
and both the second and third series are due to ytterbium. Crookes' 
work is extensively quoted, and support afforded for the latter conclusion 
by a comparison of Crookes' bands with those found by the author, in 
which the correspondence is good for ytterbium, but not for the other 
rare earths. Very complete data are included for the sulphides, and also 
for Willemites and Kunzites. H. H. Ho. 

2133. The Current-Voltage Relation in the Corona. C. S. Fazel and 

S. R. Parsons. (Phys. Rev. 23. pp. 598-607, May, 1924.)— An equation 
is derived on the basis of a small region (of radius a) of intense ionization 
around the wire, outside of which the current is carried only by ions of 
one sign, whose space density p is constant. At the boundary between 
the two regions the field is assumed to be the minimum field required 
to start the corona, and the field beyond is taken to be the sum of the 
electrostatic field and that due to the space charge. Putting in the 
experimental result that a is a linear function of the applied voltage 
V, the equation for the current i is put in the form * — cV(V — V 0 )/(V 1 — V), 
when c is a constant proportional to the mobility. Measurements with a 
brass tube 17-8 cm. long and 4-75 cm. inside diameter, through which 
a slow stream of dried or moist air was passed, show good agreement 
with the above equation, as far as variation with V is concerned, for 
voltages from 4-7kv.to 8-8 kv., for temperatures from 290° K. to 417° K. 
and for moisture content up to 44 per cent. The theory is evidently 
imperfect, however, as the absolute values of the mobilities come out 
from two to four times the values obtained in small fields, although the 
variation with absolute temperature is correct. Authors. 

2134. Dissociation of Hydrogen and Nitrogen by Excited Mercury 
Atoms. O. S. Duffendack and K. T. Compton. (Phys. Rev. 23. 
pp. 583-692, May, 1924.)— Dissociation of Hydrogen in Low-voltage Arcs. 
—Arcs were maintained from a heated Mo filament to a Ni anode, and 
the rate of dissociation was measured by the change of pressure produced 
as a result of oxidation of the atomic hydrogen by nearby copper oxide 
and of freezing out of the resulting water-vapour. In pure hydrogen 
there is no dissociation, other than that due to the hot cathode, below a 
minimum voltage (13), but above the minimum arcing voltage (16) 
the rate was rather rapid, decreasing somewhat with increasing voltage 
to 66, the highest tried. In mercury arcs, however, the dissociation was 
at least ten times more rapid in the 5-volt arc and three times more rapid 
in the 10-volt arc. This rapid dissociation is attributed to collisions of 
the " second kind,” whereby the H2 molecules receive energy for dissocia¬ 
tion from excited Hg atoms in the 2 p 2 state. 
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Dissociation of Nitrogen in Low-voltage Arcs .—Similar experiments 
with nitrogen, using pure Mg metal to absorb the dissociated nitrogen, 
showed a dissociating effect of excited mercury atoms, but only about one- 
tenth as large as the effect in H 2 . Reasons are given for believing that 
in N 2 the dissociation is produced by Hg atoms in the 2P state. This 
conclusion is supported by results obtained by others on the disappear¬ 
ance due to phosphorus vapour, but is apparently at variance with the 
similar effect of arsenic vapour. Clean-up due to electron impacts, 17 to 
100 volts, is small to 25 volts, increases four-fold to 70 volts, and ten-fold 
for voltages above 70. The effect is related to the intensity of the line 
spectrum. Above 70 volts a very active form of nitrogen is produced, 
resulting in a " flare.” Authors. 


2135. Deposit of Metal Films by Kathode Sputtering. Lambert and 
Andant. (Rev. d’Optique, 3. pp. 175-178, April, 1924.)—To be service¬ 
able, apparatus for kathode sputtering must be easy to take to pieces. 
The use of greased joints makes it impossible to carry out the sputtering 
in pure gases, and apparatus is therefore described using a mercury seal, 
whereby a surface of 100 square centimetres can readily be subjected to 
sputtering. G. A. S. 


2136. The Emission of Positive Ions from Hot Tungsten. W. A. 
Jenkins. (Phil. Mag. 47. pp. 1025-1047, May. 1924.)—These experi¬ 
ments relate to the emission currents from the tungsten wires of three 
Coolidge tubes. It was observed that at temperatures near the melting- 
point of tungsten the electron current diminished somewhat. This 
diminution was accompanied by the growth of a small positive current 
which increased rapidly with increasing temperature. These positive 
ions, which arc almost unaffected by a magnetic field of 400 gauss, appear 
to be positively charged atoms or molecules of tungsten. Evidence is 
adduced to show that the effects observed are not due to photoelectric 
electrons liberated from the tungsten anti-cathode by the incidence of 
the light from the heated cathode. The positive emission is of a different 
order from the electron emission, being much smaller. At the highest 
temperatures the positive emission decreases rapidly with time, but at 
moderate temperatures the time-effect (if existent) is small. A. A. D. 


2137. The Action of a Transverse Magnet Field at the Cathode of the 
Glow Discharge. A. GUnther-Schulze. (Zeits. f. Physik, 24. 2. pp. 140 
147, 1924. From the Reichsanstalt.)—In order to obtain a plane hori¬ 
zontal cathode surface, so arranged that disturbances from the ■'*“*} 
walls of the containing vessel could be avoided, a glass tube was employee 
of 4 cm. diameter and 28 cm. long, sealed at one end. half-filled with 
mercury, and closed by a rubber stopper, through which passed a glass 
tube connecting it to the air-pump, an iron wire to form the anode, ana 
a wire to make contact with the mercury. The tube was placed with its 
axis horizontal between the poles of an electromagnet, so that the lines 
of force were perpendicular to the axis and parallel to the surface of t e 
mercury. A cathetometer was employed to measure the distance between 
the surface of the Hg and the edge of the glow. The magnet field did no 
affect the glow until the pressure was considerably reduced, when 
discharge was deflected from its original position immediately below the 
anode ; this was bent vertically downwards so as to point to the axis o 
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the tube at a point fairly near the rubber stopper; the glow then formed 
a narrow band, which, by increasing the magnetic field, could be elongated 
in the direction of the axis of the tube almost to its end, but which was 
in all cases sufficiently far from the glass walls not to be influenced by 
them. Tables and curves are given showing the relation between the 
thickness of the dark space (fall space), d, and the magnetic field for 

H, N, Ar, Hg and H 2 0 ; it was found that for all of these there is a 

minimum value of this thickness, d v , of about 0*70 mm., and the strongest 
magnet field will “not reduce d below this value. At low pressures d, 
without the field, may be very much greater than this, but a sufficiently 
powerful field reduces it to this value; at higher pressures d does not 
differ greatly from d„ even when there is no.field. H. N. A. 

2138. Overdamped Condenser Oscillations. C. P. Stelnmetz. (Am. 

I. E.E., J. 43. pp. 424-428, May, 1924.)—The standard equations for the 
discharge of a condenser through an inductive circuit show that the 
discharge is oscillatory if the resistance of the discharge circuit is less 
th an th e critical value, and impulsive if the resistance is greater than 
V 4L/C. This, however, only holds if the circuit factors—resistance, 
inductance and capacity—are actually constant, and does not apply if 
the resistance is that of a third-class conductor, i.e. if the p.d. across the 
resistance decreases with increasing current. In this case the discharge 
is always oscillatory. Further, even with constant values of resistance, 
inductance and capacity, the classical condenser discharge equations hold 
only for the ideal condenser, i.e. a condenser having no energy losses. 
If energy losses occur in the condenser, the discharge remains oscillatory 
e ven for values of the discharge resistance greater than the critical value 
V 4L/C, and the discharge oscillates the more, the higher the energy losses 
in the condenser. However high may be the resistance of the discharge 
circuit, there always exists a value of the energy loss in the condenser 
at which no impulsive discharge is possible, and for which the discharge 
is always oscillatory. The frequency of the oscillation, and the limit to 
which the discharge is oscillatory, depends upon the difference between 
the power dissipation in the discharge resistance and that in the condenser 
losses, whilst the attenuation or damping of the discharge-wave depends 
upon the sum of the losses. As a result of the combined losses, such 
discharge-waves may have rates of attenuation far greater than is possible 
from the equations of the ideal condenser ; they may thus be called 
overdamped oscillations. In such overdamped discharge oscillations of 
the imperfect condenser, only a fraction of the first half-wave may be 
of appreciable magnitude. The wave-front is very much steeper than the 
wave-tail, similar to the case with the non-oscillatory impulse ; the wave¬ 
shape, however, differs from this latter case, as the current and voltage 
pass through zero at a definite point, whereas with the non-oscillatory 
impulse they gradually fade out. In the mathematical treatment of 
the subject the author shows that for the case of a perfect condenser 
shunt ed w ith a conductance g, the discharge is oscillatory when 
r <V 4L/C + gL/C. Oscillograms are given confirming the theory. 

A. E. C. 

2139. Behaviour of Hertz Gratings : Remarks on Treatment by R. 
Gans. C. Schaefer. (Ann. d. Physik, 74. 3. pp. 275-284. May, 1924.) 
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—It was impossible for the author to compare some of his previous experi¬ 
mental results with theory, as at that time no theory existed on the 
behaviour of Hertz gratings. This lack has recently been r filled, by 
R. Gans, who has given an approximate theory. This, however, does not 
quite accord with the experimental results, but the present author here 
modifies the theory to take account of dispersion, and with this theory 
the experiments are in good agreement, as shown by graphs. [See 
Abstract 907 (1920).] E. H. B. 


ELECTRICAL PROPERTIES AND INSTRUMENTS. 

2140. Disruptive Strength of Solid Dielectrics. A. A. Ahmed. 
(World Power. 1. pp. 281-287, May, 1924.)—The author discusses the 
electric field between the electrodes used in testing solid dielectrics. The 
character of the field is found experimentally by using an electrolytic 
cell as described in a previous abstract [Abstract 1530 (1924)]. The 
conclusion is reached that the law of variation of the maximum stress 
with the thickness of the dielectric depends largely on the edge curvature 
when the average potential gradient is maintained at the same constant 
value for the various thicknesses. It approximates to a straight-line 
law for electrodes whose edges are rounded off to a radius of 0-25 cm. 
For smaller radii of edge curvature the maximum stress increases more 
slowly, and for larger radii more rapidly than the thickness. W. R. C. 


2141. The Dielectric Properties of Water for Continuous Waves. G.C. 
Southworth. (Phys. Rev. 23. pp. 631-640. May, 1924.)— Direct Measure¬ 
ment of the Refractive Index of Water for Continuous Waves of Length about 
2 metres. —In the method adopted continuous standing waves on wires 
were measured both in air and in water, and the refractive index deter¬ 
mined as the ratio. Errors involved in the measurement of the 

of waves in air, due to imperfect refiection and to the resistance of the 
guiding wires, were investigated. In the case of water it was found that 
measurements varied with the size of the tank unless the waves were 
guided into the water by conductors extending through the tank, in 
final arrangement is analogous to Kundt’s tube for sound waves, ® 
level of the water in a vertical tube, through which the parallel wir 
passed, was varied, and the nodes determined from the variation ° 
current from a thermocouple placed in the bridge of the Lecher sys , 
located at the lower end of the water column. Thus a number ol noae 
were located! The mean result for the refractive index comes ou 
8-88 4- 04, in good agreement with values obtained by others usi g 
discontinuous waves'. This indicates that within the range of frequenci 
investigated, the group velocity of waves, through watet is the samc 
their phase velocity within the accuracy of the 1 measurements^ * 
appreciable dispersion Tor the range of wave-lengths T24 and 276 c • 

was observed. _ — 

An Oscillating Circuit for Producing Short Continuous Iferlztatl / V f xh l 
of length varying from 1' metre upwards, is described’, in whichjhe t 

capacity is used as a means of coupling.'-.-: O . \ AM*** 

■» / _ 

2142. Variation in Photoelectric Activity with Wave-Length for e * 

tain Metals in Air. T. H. Osgood. (Roy. Soc. Edinburgh. P*> c ' * 

l/'pp. .8-13, 1923^1924.)—Experiments are described 1 from which.» 
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concluded that if it is desired to use the photoelectric effect from a metal 
plate to estimate the physiological action of a giveri radiation, then it is 
preferable that the metal should be used in the steady state rather than 
when freshly polished, '* fatigue " effects being thus eliminated, but that 
a silver plate, being comparatively free from fatigue, may be used where 
sufficient time for the assumption of the steady state is unavailable. It 
is shown that, since the skin is not affected by ultra-violet light of wave¬ 
length greater than 0-25 fi, and since there is little germicidal action 
beyond 0*29 fi, Zn and A1 are unsuitable for this purpose, having a very 
considerable photoelectric activity on the long-wave side of 0-29 ft. 
If germicidal effect need not be considered, Au becomes suitable, giving 
no photoelectric current beyond 0-26/x. A. B. C. L. 

2143. Effect of Torsion on Thermal and Electrical Conductivities of 

Metals. J. E. Galthrop. (Phys. Soc., Proc. 36. pp. 168-174 ; Disc., 
175, April, 1924.)—The method previously described [Abstract 322 (1924)] 
is used for determining the changes in the conductivities of wires of brass, 
iron, zinc, nickel and tin. As before, the decreases are found to be propor¬ 
tional to the squares of the twists, and the changes in the electrical are 
smaller than the corresponding changes in the thermal conductivities. 
The electrical conductivities return to their normal values after the removal 
of the twist, but this is not always so in the case of the thermal conduc¬ 
tivities. For iron there appears to be a slight return of the thermal 
conductivity towards its original value, although the twist is kept constant. 
The decreases are of the same order in whatever sense the twist is carried 
out; they are much greater than can be accounted for by a change in 
dimensions of the specimen, as has been suggested. G. A. S. 

2144. The Atomic Electrical Conductivity of Metals. F. Simon. (Zeits. 

f. Physik, 109. 1-2. pp. 136-142, 1924.)—The atomic conductivity is 
defined in relation to a cube containing 1 gramme-atom of the metal, 
and is equal to where V is the atomic volume and c the specific conduc¬ 
tivity per cub. cm. For comparative purposes it is necessary to evaluate 
the conductivities at corresponding temperatures. These temperatures 
are determined on the basis of considerations put forward by Nernst, 
GrUneisen, and Lindemann. The conductivities at these temperatures 
are then calculated from the most trustworthy published data. These 
values are shown attached to the metallic elements in the Periodic table, 
and it may be seen that elements in the same sub-group have approxi¬ 
mately equal conductivity. It is concluded that the atomic conduc¬ 
tivities at corresponding temperatures are equal for elements which have 
the same arrangement of their outer electrons. In addition, the fewer the 
outer electrons the greater the conductivity. The paper concludes with 
some considerations 6f the conductivity in different directions in crystals 
of zinc and cadmium, from which it appears that the conductivity is 
related to the atomic frequency in the direction of the current and not 
to the frequency at right angles. "' . •.* A. A. D. 

2145. A New Induction Coil for Determination of Conductivity worked 
from a Direct-Current Lighting Circuit. F. Scheminzky. (Zeits. phys. 
Chem. 109. 6-6. pp. 435-487, 1924.)—A condenser Kf Is connected to the 
lighting circuit through a large resistance W a ; across the terminals of 
K x one of three different resistances, V/ t , W 2 arid W 8 . is connected in 
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series with a second condenser K 2 . and across the terminals of this con¬ 
denser the primary of the induction coil and a diode “ glim lamp " are 
connected in series ; the telephone is connected to the secondary of the 
induction coil. Oscillations are set up in the circuits the frequency of 
which depends on the capacity of K 2 and on the resistance in series with 
( w 2 , w 3- or w 4)- O ne advantage of the apparatus is that, except for 
the sound in the telephone, it is noiseless. - H. N. A. 

2146. Nagaokas Correction Factor K. E. J. Hobbs. (Wireless 

World and Radio Rev. 14. pp. 260-261, May 28, 1924.)—A nomogram is 
given for the purpose. W. R. C. 

2147. Electrolytic Capacity and Resistance of Pl-Rhodamine B-Pt 
Cell, as Determined by a Phase-Angle Method of Measurement. K. F. 
Sun. (Phys. Rev. 23. pp. 617-630, May, 1924.)— Direct Measurement 
of the Phase Angle of Any Reactive Circuit. —The circuit is placed between 
A and B in one arm of a bridge, an adjustable resistance R between B 
and C, two equal resistances between A and D and between D and C. 
An e.m.f. E is applied at A and C, and the potential difference between 
B and D is determined by applying a known e.m.f. in quadrature with 
E and adjusting for zero current. For highest sensitiveness, R should 
equal the impedance of the reactive circuit. The sensitiveness increases 
with decreasing frequency. The method is useful in testing any auto¬ 
transformer. A direct-current galvanometer was connected in scries with 
a synchronous commutator, permitting independent adjustment of E 
and R for zero current. 

Electrolytic Capacity and Resistance of Pt-Rhodamine B-Pt Cell was 
measured by the phase-angle method for various cells with electrodes 
of solid Pt or of cathodically deposited films of various thicknesses in 
various relative positions. The results can be regarded as correct only 
when the electrodes have relatively small resistance. ' For the case of 
two parallel plates, the correction for the resistances of the electrodes is 
made. Variations with e.m.f. and frequency. The resistance is constant, 
but capacity increases with e.m.f. for values above 0-4 volt and.decreases 
with frequency in proportion to 1 /Vf for 10 to 70 cycles. Variation 
with arrangement of electrodes. A cell with parallel solid electrodes has 
a greater capacity than one with the same electrodes lying in a plane. 
The capacity increased as the thickness of the sputtered film decreased, 
and was greater for films with a black colour. Effect of increasing concen¬ 
tration and temperature was to increase the capacity and decrease the 
resistance. Author. 

2148. Methods of Varying the Sensitiveness .of Ballistic Galvanometers 
by Adding Series Resistance. M, Masius. (Phys. Rev. 23. pp. 649-654, 
May, 1924.)-r-On closed circuit, the added series resistance does not change 
the throws in the inverse ratio of the circuit resistances because of the 
simultaneous change in electromagnetic damping. However, ,if 
added resistance r 2 required to reduce a given throw to half-value is 
determined by measurement. so that rj G = n 2 (where G is the original 
total resistance of the galvanometer circuit) is known, then wg and w, ° 
and the corresponding resistances r 5 and r 10 required to reduce the throw 
to one-fifth and one-tenth can be obtained from a table which is given. 
A slight amount of air-damping does not affect the results, but for galvano- 
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meters with a special damping-coil this table does not hold. The complica¬ 
tion due to the change of the damping may, however, be readily eliminated 
if a special switch is used to open the galvanometer circuit immediately 
after the induced charge has passed. In this case, even with strongly 
damped galvanometers, experiment shows that the deflections are inversely 
proportional to the total resistance of the galvanometer circuit. Author. 


2149. A Source of Constant-Frequency Oscillations. R. Gunn. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 545-547, April, 
1924.)—The author describes an electrical oscillator which maintains the 
frequency virtually constant under conditions of varying filament current 
and anode potential. If a given voltage be impressed on the grid of one 
tube, the effect of this voltage will be passed on to the next one, which will 
repeat the operation and return to the original grid the same impulse 
amplified and approximately in phase with it. Thu$ the system will 
oscillate, and all frequencies are rapidly attenuated except the one for 
which the coupling unit is designed. L and C should be of such a value 
as to give the desired frequency, and should be so proportioned that the 


tuning is fairly sharp (i 


ft Vi 


should be made as large as possible). 


The value of C g should be such that its impedance at the desired frequency 
is small compared with the input impedance of the tube. In some cases 



chokes and biasing batteries arc used to advantage, and if more than 
5 or 10 per cent, of the rated power of the tubes is to be used, it is advisable 
that the output leads be connected to an amplifier. 

The following arc the details of an oscillator for 1000 ro. Lj and L z 
are similar, and made by winding a slot deep cut in a 3J' circular block 
full of No. 27 B. & S. enamelled wire inductance, approx. 230 millihenries:— 

Short condensers, Cj and C2, 0-1/iF. (with a variable position to increase 
to 0-12/t F.). 

Grid condensers C t . 0-25^F. 

Tubes, Western Electric coated filament. 

Plate voltage, 46. 

Iron core choke 0-8 henry. 000 ohms'! . . , , ., 

Negative grid bias. 4* volts / used m P lace °< « r,d resistancc ' 

On an oscillator similar to the above it waB found by beat methods 
that the frequency variation was less than 1/10 per cent, for a plate 
voltage change of 50 per cent, and a change of 3/10 per cent, for a 
43 per cent.'change in filament^current. W. C. S. P. 
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2150. Coils with Variable Inductance for Audio .Frequencies. H. 

Winter-Gunther and J. Zenneck. (Phys. Zeits. 25. pp. 210-212,’ 
May 1, 1924.) T r-In experiments with alternating currents of frequencies 
in the neighbourhood of 600 per sec. coils with variable inductance are 
not easy to construct. The arrangements ordinarily used for lower fre¬ 
quencies have too much iron, and iron-free coils of sufficiently large 
inductance become very cumbrous if their resistance has to be small. 
A simple arrangement of two coils (whose position along an iron core can 
be altered)'is here described, which gives a wide range of values for the 
inductance, combined with low d.c. resistance. The iron core, which 
is 60 cm. long, is made up of very thin sheet-iron stampings with paper 
insulation. One core used had a cross-section 3 x 2-7 cm. 2 , another 
being 3 X 5 -4 cm. 2 . With the former, using coils of 119 turns of wire 
1-6 mm. diam., an inductance of about 0-023 henry is obtained with the 
coils touching one another at the middle of the iron core, while the 
inductance with coils just off the ends of the core is only about 0 002 
henry, the variation being roughly linear until the coils are near the ends 
of the core. t Using the double core and coils of 224 turns, inductances 
from 0-09 to about 0-0025 henry may be obtained. Curves are given 
showing the variations ip inductance and effective resistance as functions 
of the distance apart of the coils. * • A. W. 

ALTERNATING CURRENTS AND MAGNETISM. 

2151. Tracing Wave-Forms with the Cathode-Ray Oscillograph. (Elec¬ 

trician. 92. pp. 631^.632, May 23, 1924.)—An account is given of an arrange¬ 
ment by which alternating-current wave-ftpnns of high frequency can 
be traced by a cathode-ray oscillograph, as developed by the International 
Western Electric Co. j The wave in question is impressed on a pair of 
deflecting plates. The necessary time variation is obtained by connecting 
the terminals of a resistance to a pair of deflecting plates at right angles 
to those just mentioned, and this resistance is made to carry a current 
which varies periodically with the time. Suitable current for this purpose 
is obtained by having this resistance as part of a closed circuit containing 
a battery and neon lamp in series. The lamp is shunted by a variable 
condenser. As is well known, the lamp in these conditions will light up 
periodically. The charging current, on switching on, increases at a rate 
dependent on the capacity, and the cathode rays will accordingly be deflected 
until the point is reached when the neon lamp lights up v The conden»«* 
then discharges, so that there is a rapid fall in the current until the lamp 
becomes extinguished and the process is repeated. Thus the wave-form 
is traced on the bulb of the oscillograph, and, if the variable capawty is 
adjusted so as to give synchronism, a steady trace of thfe wave-form 
is obtained. ? j, j ' s .*?;j R ' C * 

2152. Vector Diagrams and Algebraic Signs in Alternating-Current 
Theoftyl' H: Kafka. (Elek. u. Maschinenbau, 42. pp. 329*-333, May 
1924.)—Confusion in alternating-current problems can only be avoidea 
by clearly recognising the fact that algebraic equations and vector diagrams 
expressing the connection between p.d.s or e.m.f .8 and currents possess 
no i meaning mnless ‘ definitely correlated to a circuit diagram in wb» c 
the Various directions assumed as positive for voltages and currents are 
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clearly marked. The author considers the general case of a network 
to which are connected generators and consuming devices, and adopts 
the p.d. vector across the mains as the vector of reference. After con¬ 
sidering the expressions for the power and wattless components of currents 
and the power and wattless components of the volt-amperes, he advances 
reasons for the adoption of the following rules as, on the whole, the least 
likely to occasion confusion : (1) The same directions should be adopted 
as positive for both generating and consuming devices ; (2) p.d.s and 
currents should be assumed to have similar directions (this in spite of 
the fact that in! the case of a circuit consisting of a single generator supplying 
a single consuming device two equal but oppositely directed currents 
would be assumed to exist in die two portions of the circuit). A. H. 

2153. Distribution of the Magnetic Field and ‘'Return Current Round a 
Submarine Cable Carrying Alternating Current. C. V. Drysdale. (Roy. 
Soc., Phil. Trans. 224. pp. 95-140, April 14. 1924.)—This paper gives a 
description of theoretical work, and also of experimental work carried 
out chiefly at Harwich and in the Gareloch. relative to the distribution 
of the magnetic field and return current round a " leader ” cable. The 
experimental arrangements arc described in detail, and the results are 
presented in graphical and tabular forms. The results appear to justify 
the following conclusions: (1) The propagation of plane electromagnetic 
waves in sea-water appears to take place in close accordance with the 
theory of wave propagation in a conducting medium, the wave-length 
being Vp/f, the velocity of propagation Vpf and the attenuation constant 
2nVflp, p being the specific resistance and / the frequency. At low 
frequencies the velocity, of propagation is only of the same order as that 
of acoustic waves.! (2) The.return current tends tp concentrate near to 
the cable and abovo it if the sea-bed is relatively non-conducting. The 
higher the frequency the greater the concentration, and the effect appears 
to be that of a diffused mirror image of elliptical form above the cable, 
causing the magnetic field distribution to approximate more and more 
nearly to that;‘produced by a pair of leading and return conductors in 
a vertical plane as the frequency is increased. (3) The variation of phase 
of the return current in the water above the cable appears both by theory 
and experiment to correspond fairly closely with the propagation of 
plane electromagnetic waves in an infinite sea. (4) The fundamental 
equations for wave propagation in a conducting medium lead to a principle 
of similitude by which the whole of the phenomena can be reproduced 
in ano ther medium of similar form if the scale is altered in the ratio 
Vp/fif, or of the wkve-lengths for the two mediums. In this way the 
field distribution at large distances from the >cable can be determined by 
employing a Sheet of lead in place of the water. (6) The magnetic field 
at the surface vertically above the cable diminishes with increase of depth, 
both due to increase of distance from the cable and to absorption. The 
latter appears to follow an approximately exponential law agreeing 
fairly closely with theory. (6) Armouring a submarine cable produces 
a marked diminution of the magnetic field ahd of the return current in 
the water, owing to the concentration of the return current in the sheath. 
The effective or resultant current found by experiment is in fair agreement 
with the theory of Oldenburg at frequencies in the neighbourhood of 
600 cycles, but is lower thin tHe theoretical value at low frequencies. 
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(7) The experiments on a steel ship give a distribution of the lines of force 
above the surface which differs from that obtained with a wooden vessel. 
The explanation apparently lies in the greater electrical conductivity of 
the hull as compared with the water ; this causes a considerable concentra¬ 
tion of the return current in the hull, thus producing a magnetic field 
encircling the hull. Calculations made by S. Butterworth support this 
hypothesis. . , a. W. 

2154. Distribution of the Magnetic Field and Return Current Round 
a Submarine Cable carrying Alternating Current. S. Butterworth. 
(Roy. Soc., Phil. Trans. 224. pp. 141-184. April 14. 1924.)—This paper 
gives a comprehensive theoretical treatment of the problem of the 
“ leader " cable, and also describes experimental verification of the theory 
by means of a model in which sheet lead of different thicknesses was used 
to represent the sea. The results obtained in the Gareloch [see preceding 
Abstract] are also discussed in relation to theory. The agreement between 
the experimental results and the theory is sufficiently close to justify 
the conclusion that the formula! derived are essentially correct. A. W. 

2155. Electrical Diagrams in Three Dimensions. J. Wotschke. 
(Elekt. Zeits. 45. pp. 528-529. May 22. 1924.)—The author describes the 
uses to which diagrammatic curves in three dimensions, on the principles 
of solid geometry, can be put for the purpose of explaining graphically 
certain electrical phenomena, such as the efficiency of a synchronous 
generator, which is variable, depending both on power factor and output. 

~W. H. S. 

2156. Dielectric Constants of Liquid Crystals in a Magnetic Field. 

Jezewski. (J. de Physique et le Radium, 5. pp. 59-64, Feb., 1924.)— 
Using a method described previously [see Abstract 752 (1923)), the author 
tests the dielectric constants of a large number of liquids in a magnetic 
field. The liquid was held in a box-shaped condenser which formed part 
of an oscillating circuit, the wave-length used being 720 metres. It was 
found that when a longitudinal magnetic field was applied s the capacity 
of the condenser decreased ; no change was observed when the field was 
transverse. The results, given in tables and graphs, show that liquid 
crystals are electrically anisotropic ; the difference between the dielectric 
constants, without and with the field, increases with the field strength, 
reaching a limit in a field of about 2000 gauss. The difference diminishes 
with temperature. G. E. A. 


2157. Reluctivity of Permalloy. A. E. Kennelly. (Frank. Inst, 
J. 197. pp. 623-627, May. 1924.)—The remarkable magnetic properties 
of permalloy,-a nickel-iron metal (see Abstract 2282 (1923)), include 
permeability much greater than that of soft iron. It is known that the 
metallic reluctivity 1 /(/* — 2) of soft iron, cast iron and steel is in each 
case a bilinear function of the field. The author, using data obtain® 1 *' 
from the graphs of Arnold and Elmen, plots reluctivity against magnetising 
force for permalloy and Armco iron. The graphs obtained indicate. 
minimum reluctivity for permalloy at about H = 0*06 gilbert per enw 
and for Armco iron at about H = 1-4. Permalloy is no exception to 
the general rule for magnetic metals in this respect, its bilinear grap* 
being.-weU maintained at least as far as H =. 4\0. Hid 
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2158. The Energy Change in Iron and Nickel at the Critical Temperature. 
J. R. Ashworth. (Phil. Mag. 47. pp. 848-859, May. 1924.)—Using a 
heating method to suppress hysteresis in iron and nickel wires, anhysteretic 
curves are drawn for these metals from which by the use of equations for 
the ferromagnetic and paramagnetic states the values of the constants in 
these equations are determined. It is shown that the principle of corre¬ 
sponding states applies to curves of I = ^(H) for iron and nickel. For 
anhysteretic isothermals H{l/I — 1/I 0 } = RjT, I 0 being maximum 
intensity ; and R|I 0 relates to the energy per unit of temperature in the 
ferromagnetic state below the critical temperature, while R'Iq is the 
energy per unit of temperature above the critical temperature. Since 
RjlJ has the value 2 for iron and 1 for nickel, and R x is negligible com¬ 
pared with R', it is concluded that in passing through the critical tempera¬ 
ture there is a change of kinetic energy per unit of temperature equivalent 
to that of two degrees of freedom, the molecular weight above the critical 
temperature being 56-85 for iron and 2 x 58-68 for nickel. G. E. A. 


2159. Soft-steel Cylinders in Strong Magnetic Fields. P. Dejean. 

(Comptes Rendus, 178. pp. 1370-1372, May 14, 1924.)—The intensity 
of magnetisation of 120 extra-soft steel cylinders arranged so that their 
axes were in line has been measured for different values of the gap between 
successive cylinders (Abstract 1948 (1921)]. This has now been done 
with the axes still parallel, but displaced sideways so as to form helices. 
Curves are given incorporating the results. A. C. M. 

2160. Charging Effect of Prolate Iron Spheroid Rotating in a Magnetic 

Field. E. Lawrence. (Phil. Mag. 47. pp. 842-847, May. 1924.)—The 
work of Swann on the " moving-line theory " of electromagnetic induction 
(see Abstract 1636 (1920)) is extended to the case of a prolate spheroid 
the formulas for which have been worked out by Rognley [see Abstract 188 
(1923)], who found an expression for the alteration of potential of the 
axis produced by rotation. When the axis is earthed, this change results 
in the charging of the ellipsoid. An iron ellipsoid with major axis 20 cms. 
and minor axis 2 cms. was mounted in a brass shell placed within and 
insulated from a magnetising solenoid. The ellipsoid was rotated at high 
speed while the insulated shell was in connection with a Dolezalek electro¬ 
meter. Measurements of the potential of the shell at various speeds arc 
compared with the potentials as calculated and the two agree within 
3-4 per cent. The results are considered to be a satisfactory confirmation 
of the theoretical formula. G. E. A. 

2161. X-Ray Corpuscular Emission from Iron in a Magnetised and 

Unmagnetised Stale. G. A. Carse and D. Jack. (Roy. Soc. Edinburgh, 
Proc. 43. 3. pp. 226-229, 1922-1923.)—Ewing [Abstract 1722 (1922)] 
has suggested that there is something in an atom which turns in response 
to an applied magnetic field. In this connection the authors now describe 
a study of the X-ray corpuscular emission from iron when magnetised 
and unmagnetised, especially under the influence of very penetrating 
rays. The experimental results indicate that in the iron atom, either 
the part of atom that turns does not emit an appreciable number of elec¬ 
trons, or the chance of ejection is not affected by the orientation produced 
by a magnetic field. A. 13. W. 
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2162. Magnetic Observations by the Carnegie Institution of Washington 
during the Total Solar Eclipse of September 10. 1923. J. P. Ault. 
(Terrest. Magn. 29. pp. 1-12, March. 1924. Paper read before the Philo- 
soph. Soc. of Washington, Dec., 1923.)—A preliminary discussion of special 
observations of magnetic declination, horizontal intensity and inclination 
made at Point Loma (California), and of declination at Mt. Wilson 
(California), and at Guatemala City (Guatemala). The readings are 
exhibited in tabular and in graphical form, and include observations on 
September 9th and 11th as well as September 10th. Declination observa¬ 
tions are given as five-minute means, horizontal intensity as fifteen- 
minute means, and inclination as six-minute means. Magnetographs 
were not used, all observations being eye-readings. 

The graphs show a marked eclipse effect corresponding to results 
obtained from previous eclipses. At Mt. Wilson and Point Loma the 
time of westerly elongation of the declination was advanced about two 
hours on the day of the eclipse, the effect beginning to be felt shortly 
after the time of first contact for the local eclipse, and continuing for some 
time after the last contact. At Guatemala City, easterly declination 
was increased shortly after the time of first contact, the effect reaching a 
maximum about one half hour after the time of maximum obscuration. 

The horizontal intensity at Point Loma reached a maximum on Sep¬ 
tember 10th, about one hour earlier than on September 9th and lltb. 
The inclination effect was small. The " eclipse effect " on m £g n ctic 
declination (obtained by comparing September 10th with September 9th an 
11 th) seems to have been about 2'-5 at Point Loma. 3' at Mt. Wilson 
and l'-5 at Guatemala City, all showing an increase in eastcry 
declination. The effect on horizontal intensity seems to have been at>ou 
60y, showing first an increase to a maximum about 30 min. before tot* ity. 
followed by a sharp decrease to a minimum about 30 min. after total vy- 
The effect on inclination was to increase the northerly dip by ovcr 
minute shortly after totality. The effect on vertical intensity was ^, 
80y, the positive vertical intensity increasing to a maximum s o y 

before totality and then decreasing sharply to a minimum about 4 ■ 

after-totality. M ‘ 

2163. Magnetic Anomaly at Koursk. P. Lasareff. (Comptw Rendus, 

178. pp. 1301-1302. April 7, 1924.)—Further investigations m this reg 
of Central Russia [Abstract 782 (1924)] indicate a second band of mag 
anomaly to the south of the first. The boundaries of this band are i 
defined than the former, but there is clear indication that thc a 

effects are independent of any atmospheric cause, and are a** ^ r 
magnetic ore body. 
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2164. Super saturation of Gases in Water and Certain Organic Liquids . 

J. Metschl. (J. Phys. Chem. 28. pp. 417-437. May. 1924.)—By means 
of a special apparatus the following saturated solutions were prepared 
at pressures ranging from one to five atmos.: oxygen in water, alcohol, 
acetone, or carbon tetrachloride ; nitrogen in water, aniline, nitrobenzene, 
alcohol, or benzene : air or hydrogen in water; carbon dioxide in water 
or alcohol. After each liquid had been saturated with the gas at high 
pressure, the latter was reduced to that of the atmosphere, and the residual 
supersaturated gas shaken from the liquid and its volume measured. The 
ratio of the volume so determined to the pressure at which saturation 
took place is practically constant for any given gas and liquid, the extent 
of the supersaturation being thus proportional to the pressure at which 
the saturation occurred. The graph obtained by plotting the volumes of 
gas shaken from a supersaturated solution against the pressures at which 
saturation took place is nearly identical with the solubility-pressure graph 
for the same gas and liquid corresponding with Henry's law. Thus, 
when these liquids arc saturated at a high pressure and the pressure above 
the liquid is then reduced the total amount of gas corresponding with the 
difference in solubility between two pressures remains in the supersaturated 
condition. Notable exceptions to this rule are found with solutions of 
carbon dioxide in water or ethyl alcohol. T. H. P. 

2165. 1 he Electric Supertension. A. Smits. (Zcits. Elektrochcm. 

30. pp. 214-223, May, 1924.)—The paper deals more generally with the 
phenomena than the previous papers [Abstract 2337 (1923)], again 
mathematically on the complex theory of allotropy and by applying 
the phase rule. The metal is supposed to be complex and to consist 
of atoms, ions (of the same or different valencies) and electrons, and 
possibly further of molecules ; these particles may be in inner equilibrium 
with one another, subject to certain retardations. In contact with an 
electrolyte, the metal becomes surrounded by a layer of liquid which will 
be in heterogeneous equilibrium, whether the metal be dissolved or precipi¬ 
tated, though the thickness of the layer may vary. The author distin¬ 
guishes between hydrogen in a state of formation and hydrogen in the 
nascent state, the latter being the state which precedes the appearance 
of the hydrogen phase. H. B. 

2166. H. F. Weber's Method for the Determination of the Coefficient 
of Diffusion of Liquids. F. Hoeltzenbein. (Zeits. f. Physik. 24.. 1. 
pp. 1-9, 1924.)—Weber’s method for determining the diffusion coefficients 
of salt solutions consists in immersing two reversible electrodes in two 
communicating solutions of the same salt of different concentrations 
and observing the course followed by the p.d. between the electrodes 
[Annal. Phys. Chem. 7. p. 536. 1879). The experimental results now 
described show that, owing to the disturbing effects of the initial polarisa¬ 
tion of the metallic plates, this method is unreliable. Further, not only 
the method of correction devised by Seitz [Abstract 820 (1898)). but also 
other means of correcting the results given by Weber’s method, are in¬ 
applicable. The abandonment of the method is, therefore, recommended. 

T. H. P.’ 
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2167. Remarks on the Theory of Solutions. A. F. Core. (Phil. Mag. 
47. pp. 977-991, May, 1924.)—In the absence of the necessary complete 
knowledge and analytical skill required for the deduction of the complete 
behaviour of a solution by a thorough application of statistical mechanical 
principles, treatment is sometimes attempted by the “ gas method,” in 
which the solute molecules are essentially considered as a gas. The 
validity of this method having been attacked by Cavanagh in his paper 
*' Molecular Thermodynamics ” (Abstract 1659 (1922)], it is sought in 
the present paper to justify the " gas method " under certain conditions. 
In Cavanagh’s paper, the suggestion is made that, by measuring the 
colligative properties of the solutions of certain solutes in associating 
solvents, the degree of association of the solvent may be determined, 
and an attempt is made in the present paper to show that this is not 
possible. Emphasis is laid on considerations illustrating the disadvantages 
of using the relationship of the total energy and volume of a mixture with 
the composition as a starting point for the thermodynamical treatment. 

A. B. C. L. 


2168. Superficial Solutions and the Gas Law. A. Marcelin. (Comptes 

Rcndus, 178. pp. 1079-1081, March 24. 1924.)— The film of oleic acid, 
of greater extent than that corresponding with molecular juxtaposition 
[Abstract 1022 (1923), 186 (1924)]. forms on the surface of the water a true 
two dimensional gas or, more exactly, a superficial solution, which may be 
reversibly compressed or dilated and which has at any instant a measurable 
pressure. Contrary to the author's original view, with surface lying 
between twice and nine times the saturation surface, this two dimensional 
gas obeys the law for perfect gases, the product of the surface and the 
surface pressure being constant. When the surface is extended sti 
further, this product gradually diminishes, possibly owing to the influence 
of capillary actions and to the increasing difficulty of maintaining the 
surface of the water free from fatty impurities derived from atmospheric 
dust. T - 

2169. The Inter-Ionic Attraction Theory of Ionised Solutes. Part I. 
Critical Presentation of the Theory. A. A. Noyes. (Am. Chem. Soc., J- • 
pp. 1080-1097, May. 1924.)— The inter-ionic attraction theory, as developed 
by Milner (Abstract 1071 (1912)]. and Debye and Huckel [see Abstrac 
2328 (1923)]. in order to account for the deviations of largely ionised sud 
stances from the laws of perfect solutions is discussed by the 

This theory is based on the assumption that owing to the attraction betwee 
positive and negative ions, work is done on diluting a solution agamst in 
electrical attraction, with a corresponding increase in the energy cante 
of the solution. The two independent investigations quoted aDov 
arrived at practically the same conclusion, the difference AU m i 
energy possessed by one mole of an ion of valence v at absolute temper 
ture T, when present in two different solutions of dielectric constant . 
one infinitely .dilute (with no inter-ionic attraction) and the othei ■ co _' 
taining this ion.and other ions of valence v and molal co ncentra tions c w 

are expressed by is given by AU = A 

product of certain universal constants, and in e.g.s. units is 7-77 X 

Mathematical and thermodynamical discussions are given for 
relation between energy and free energy effects ; calculation of free energy 
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effects from vapour pressure and osmotic pressure, and expressions for the 
activation of the ions. The free energy decrease attending transference of 
one mole of an ion of valence v from a concentration c (corresponding to 
£(o' 2 )) to concentration c 0 (infinite dilution) is given by 

- AF = RT log, - - 
c o 

The agreement between the expressions derived by various independent 
methods is sufficiently close to provide strong evidence that these expres¬ 
sions are a true representation of the inter-ionic attraction theory. More¬ 
over, if this theory succeeds in explaining the deviation of largely ionized 
substances from perfect solutes, it will support the view upheld by many 
recent investigators that these solutes are completely ionised up to moderate 
concentrations (see Abstract 158 (1924)). The mathematical reasoning in 
this paper cannot be abstracted. B. W. C. 

2170. The Inter-Ionic Attraction Theory of Ionised Solutes. Part II. 
Testing the Theory with Experimental Data. A. A. Noyes. (Am. Chem. 
Soc., J. 46. pp. 1098-1116, May, 1924.)—The activation function for a 
substance with two ions A and B. deduced from the expressions given in 
the previous paper (see preceding abstract), is given by 

logio {*s)' ,vK (a*)'[ v ' = 0 -367v'2(« 5 ) at 25° C. 

v \ + v o 

This requires that if the activity product is plotted as a logarithm against 
the values of } v'ljcl' 5 ), i.e. ionic strength, the resulting graphs should be 
straight lines for all salts ; they should coincide for different substances 
of the same valence types ; and for substances of different valence types ; 
the slope should correspond to the numerical factor 0-357 quoted above, 
or another factor two-thirds of this arrived at by another method. 

The results with the activation product computed by Lewis and Randall 
from freezing point and electromotive force data, are in satisfactory 
agreement with the requirements of the theory, up to strengths of 0- 05 M ; 
especially if the nature of the constants and calculations involved is con¬ 
sidered. The values calculated by the author for the activity product 
from the solubility effects of various salts afford a more extensive testing, 
especially with uni-univalent salts such as silver bromate and thallous 
chloride, whose graphs are nearly straight lines, almost entirely within the 
narrow sheaf bounded by the slopes corresponding to the numerical con¬ 
stants quoted above. The results with the uni-bivalent salts silver 
sulphate and barium bromate, and of the bi-bivalent salt calcium sulphate, 
also confirm in general the theoretical predictions, although some devia¬ 
tions are recorded. The observations hold equally well whether or not 
the added salt has an ion in common with the solute, while according to 
the older theory of incomplete ionisation, these two cases are completely 
different. It is concluded, therefore, that so far as present evidence 
goes the inter-ionic attraction theory offers quite a satisfactory explana¬ 
tion of the behaviour of largely ionised substances. The mass of experi¬ 
mental data in this paper does not lend itself to abstracting. B. W. C. 

2171. Theory of the Effect of Strong Electrolytes on the Solubility of Salts. 
O. Schttrer. (Phys. Zeit. 25. pp. 146-159, April 1,1924.)—It is concluded 
that the classical theory of the dissociation of strong electrolytes does not 
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give a satisfactory explanation of the known facts, as a result of a critical 
survey of experimental data. The author assumes that the solubility 
effect depends upon electrical forces between the ions, the electrolytes 
being completely dissociated. If a certain average diameter a is assigned 
to the ions, expressions are derived which give very good quantitative 
agreement with the experimental figures of various investigators. The 
value of a which is calculated for each salt is of the order of magnitude 
to be expected. The theory' developed by the author is compared with 
the hypothesis put forward by G. N. Lewis, of the independent activity 
of the ions, and the points of agreement noted. The nature and extent 
of the deviations of the experimental results from the requirements of the 
theories at stronger concentrations are discussed. B. W. C. 

2172. The Mechanism of Mutual Precipitation of Colloids. R. Wintgen 

and H. Lowenthal. (Zeits. phys. Chcm. 109. 5-6. pp. 391-396, 1924.) 
—It has been shown in previous work (Zeits. phys. Chem. 107. p. 403, 1923) 
that for colloids bearing an electrical charge the concentration may be 
expressed as an equivalent aggregation, i.e. ratio between weight and 
electrical charge. This principle is applied to the mutual precipitations 
of colloids, and from experiments with chromium oxide and gelatine 
sols, and stannic acid + alkali and chromium oxide sols, it is concluded 
that the conception of an " equivalent aggregation ’’ provides a satis¬ 
factory explanation of the observed facts. Therefore the idea of normality 
and equivalent concentrations may be extended to colloidal solutions 
as well as to solutions of crystalloids. It is shown that colloidal solutions 
of dyestuffs have very small equivalent aggregations. B. W. C. 

2173. The Viscosity and Elasticity of Colloidal Solutions. H. Freund- 
licli and Emmy Schalek. (Zeits. phys. Chem. 108. pp. 153-174, Feb., 
1924.)—The applicability of Poiscuille’s law in the determination of 
Viscosity is investigated in the case of a large number of sols by the 
method of Hess and that of Couette. In the former method a measure¬ 
ment is made, as in the Ostwald viscosimeter, of the rate of flow of a 
liquid through a standard capillary tube, a definite difference of pressure 
being maintained between the two ends. In the latter method, a cylinder 
is suspended by a torsion wire in the liquid, which is placed in an outer 
cylindrical container, and a measurement made of the turning moment 
impacted when the containing vessel is rotated at a definite speed. 

• A number of sols of the hydrophilc class, such as sols of AsgSg, 

Zr0 2 , CaF 2 . and S, follow the Poiscuille law and behave like true solutions. 
Many sols exhibit a marked departure, from the law. The deviations are 
all in the direction that, ,^t low-velocity gradients or shearing velocities, 
the viscosity coefficients, calculated in the usual way, increase rapidly 
with falling velocity. « With some sols, notably that of FeaOg, this behaviour 
is, more pronounced with the aged sol., In accordance with a theory put; 
forward by Hatschek. this relation is explained by the fact that these 
sols qre not only viscous, but also elastic, and the elasticity is restively 
more marked with; low-velocity gradients when the apparent viscosity; 
is in( 3 ^ased.. s l 9 agreement with this theory, most sols which show th«; 
departure from Poiseuille’s law exhibit elasticity when a measurement 
is made by the ifiethod of Freundlich and Seifriz [Abstract 1288 (1923)J 
df 4?hfe‘ magnetic dist>Tadement of metal particles in the sol. An agreement 
with th6'theory piix forward is giVen by sodium stearate solutions, \Wuch 
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are elastic when measured by the magnetic method, and depart markedly 
from the Poiseuille law, and by sodium oleate solutions, which are inelastic 
and conform to this law. J. N. P. 

2174. A Theory of the Elasticity of Colloidal Solutions. A. Szegvari. 

(Zeits. phvs. Chem. 108. pp. 175-184. Feb., 1924.)-As formerly demon¬ 
strated by Freundlich and Seifriz [Abstract 1288 (1923)]. a modulus of 
elasticity and elastic limit can be ascribed to certain liquids. In the 
present work it is shown that, by assuming a constant fluid elas¬ 
ticity, the relation between resistance to flow and velocity gradient is 
given by the equation, to = 8/G -f rj. where oj is the resistance to 
flow. 8 the fluid elasticity. G the velocity gradient, and the theoretical 
viscosity coefficient. This formula is followed particularly by dilute 
sols measured in the Couette apparatus. Elastic liquids are characterised 
by two constants which are independent of each other, the theoretical 
viscosity coefficients and the fluid elasticity. This independence is 
particularly noticeable with V 2 0 5 sols, to which electrolytes are added 
in varying quantities. J* 

2175. Kinetics of the Process of Coagulation of Colloids in the Light 
of Smoluchowski's Theory. J. N. Mukherjee and S. K. Majumdar. 
(Chem. Soc., J. 125. pp. 785-794. April. 1924.)—The authors have investi¬ 
gated. with reference to arsenious sulphide sols, the limits within which 
Smoluchowski’s equations arc valid (sec Abstract 679 (1923)]. and. assuming 
the validity of the equations, the variation in the percentage of effective 
collisions with the concentration of electrolyte. Comparison of the rates 
of coagulation of arsenious sulphide sol for different concentrations of 
electrolyte show that, in the region of slow coagulation the constant rate 
required by Smoluchowski’s theory is observed only up to a certain stage 
of coalescence. In this region the greater the rate of coagulation, the 
more advanced is the limiting stage of coalescence. Near this limiting 
stage, and after it has been attained. Smoluchowski's equations fail com¬ 
pletely. These results are explained on the assumption that coalescence 
is reversible or irreversible according to the potential of the double layer. 
It is reversible at sufficiently low concentrations of electrolyte, but it is 
irreversible when the potential of the double layer is small. 'I he limiting 
stage results when there is an equilibrium between the rate of breaking- 
up of the aggregates due to fluctuations in thermal energy and that of 
coalescence. It is suggested that the hydration of the particles is influenced 
by the density of their electrical charge and that, in addition to the electrical 
potential, variations in the depth of the layer of hydration arc responsible 
for the transformation of irreversible into reversible coalescence. T. H. P. 

2176. Influence of Anions on the Coagulation of Negatively Charged 
Suspensoids. J. N. Mukherjee and S. G. Chaudhuri. (Chem. Soc., 
J. 126. pp. 794-802, April, 1924.)—The chlorides, bromides, nitrates, and 
sulphates of sodium and potassium, and the corresponding acids coagulate 
arsenious sulphide sols at a definite concentration of the respective kations, 
the influence of the anion being thus very small. Similar behaviour is 
shown by the coagulating concentrations of acids for gold sols. The effect 
of the valency or mobility of the ion, often observed when the ions concerned 
have a charge opposite in sign to that of the colloid, is almost absent when 
the ion has a charge of the same sign as the colloid. An anion having a 
complex chemical composition (for example, the benzoate, ferrocyanide, 
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or salicylate ion) exerts a marked influence and requires a higher kation 
concentration to produce coagulation. The coagulating effects of the 
alkali-metal kations are, in descending order of magnitude, Cs, Rb, K, 
Na, Li. The amounts of anions adsorbed for salts with univalent kations 
are very small in comparison with the total amount of electrolyte present. 

T. H. P. 

2177. The Electronic Theory and the Heat of Formation of Salts. R. 

Audubert. (Comptcs Rendus, 178. pp. 1814-1816. May 26, 1924.)—When 
a metal is dissolved in a solution of another metal with precipitation of 
the latter the reaction M l + + MIR may be regarded as 

an electronic transformation. An electron dragged from Mj with absorp¬ 
tion of energy is attached to M 2 with liberation of energy. The difference 
being equal to the heat of the reaction. In seeking to express by a general 
formula the heats of formation (Q) of salts, the author has found that the 
following expression (similar to that of Balmer for the spectral rays of 
hydrogen) satisfies experimental data within 5 per cent., — Q = A [b/m z 
— a/n 2 ). Here A is a general constant, a and b are two parameters, 
functions of the valency, m and n are whole numbers characteristic of the 
constituent elements. The term A6/m 2 can be taken as referring to the 
cations, and A a/n- to the anions. It thus appears that the heat of forma¬ 
tion of a salt can always be represented by the difference of two numbers 
corresponding to the heats of ionisation of the anion and of the cation. 
It is interesting to observe that numbers are thus obtained for the halogen 
elements very nearly equal to those calculated by Born from very different 
considerations. Errata (ibid. p. 1932, June 2, 1924). T. B. 

2178. The Effect of the Deformability of Ions on the Optical and Chemical 
Constants. M. Born and W. Heisenberg. (Zeits. f. Physik, 23. 0. pp. 388- 
410, 1924.)—The authors define the “ deformability " of the ion as the 
ratio of the electrical moment produced to the strength of the electric 
field producing it, i.e. p = a F where p =• electric moment, F = electric 
field strength, and a = deformability. A brief review is first given of 
the development of the quantum theory and of the results obtained by 
Kosscl, Debye, Heydweiller, the recent work on the subject by Wasastjema 
and by Fajans and Joos being specially mentioned. The authors employ 
a new method for the determination of a l this depends on the connection 
between a and the constants of series-spectra, i.e. the Rydberg and Ritz 
corrections. As an important secondary result of their work, the authors 
obtain a new proof for the *' Halbzahlegkeit " of the azimuthal quantum 
number k required by the theory of the Zeeman effect. The body of the 
paper is divided into five sections, dealing with (1) dependence of Rydberg 
correction on the deformability of the atom-complex, only spectra being 
considered in which the atom-complex is of the type of the inert gases. 
(2) Deformability and refraction-constants of the inert gases and of salts. 
The result that the quantum number k is " halbzahlig ” is here deduced 
from the deformability of the inert gases and of ions which are similar 

to them. (3) Dependence of the deformation on the charge of the nucleus. 

The authors here show that the law a = C . Z~£ obtained by Kramers for 
the Bohr helium atom holds with considerable exactness in other cases 
also. (4) Heat of sublimation of salts. The values of a are used to calcu¬ 
late the heats of sublimation of the chloride, bromide, iodide and fluoride 
of the alkali metals. (6) Oscillations of binary-molecules. The authors 
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have here been compelled to limit themselves to the three halogen acids, 
HC1. HBr, HF. 

The paper is essentially mathematical, and contains tables of the calcu¬ 
lated quantities, with a comparison of experimental values. The authors 
promise an extension of the investigation to more complicated molecules 
and ionic configurations. T. B. 

2179. Synthetic Metallic Bodies. Part III. Tenacity and Density of 

Synthetic Metallic Bodies and Adhesive Forces between Metallic Surfaces. 
F. Sauerwald and E. Jaenichen. (Zeits. Elektrochem. 30. pp. 175-180, 
April, 1924.)—The tenacity, density and expansion of synthetic metallic 
masses prepared by the compression and sintering of fine-grained crystal¬ 
lites of copper and iron [see Abstract 2031 (1923)] have been investi¬ 
gated in relation to the previous heat treatment. The metals begin to 
exhibit tenacity at comparatively low temperatures, the maximum tenacity, 
which reaches the same order of magnitude as that of melted metal, 
occurring before spontaneous increase of the grain is detectable. Hence 
the development of tenacity and density in the material is attributed to 
the adhesive forces between the surfaces of the crystallites, these forces 
assuming considerable magnitudes at temperatures below those at which 
diffusion and crystallisation processes occur. The tenacity, and with 
copper the density also, is diminished by increase in the size of the grain, 
whilst, up to a certain limit, the expansion is simultaneously increased. 
Heating of iron at the lower temperatures of the y-region results in mini¬ 
mum tenacity, density and expansion. T. H. P. 

2180. Inner Structure of Alloys. W. Rosenhain. (Inst, of Metals, 
J. 30. 2. pp. 3-20, 1923. Engineering. 115. pp. 591-594. May 11. 1923.) 
—By comparing the results obtained from X-ray studies of alloys with 
other known properties it can be deduced that :— 

(а) The atoms of the solute replace atoms of the solvent metal on 
the lattice, and do not fit into the interstices between them. 

(б) The stranger atom in the lattice causes distortion, and the amount 
of distortion which the lattice can undergo is limited. The number of 
stranger atoms which can be introduced into the lattice will be determined 
by the stage at which the distortion reaches the limit of which the lattice 
is capable. Consequently, the kind of atoms which have a limited solu¬ 
bility will be those which produce the maximum distortion. 

(c) Distortion also produces a hardening of the alloy, so that in systems 
of alloys those metals which have a low solid solubility produce the greatest 
hardening effect. 

(d) The power of forming solid solutions is a function of the hardness 
of the added metal. 

(c) With rise of temperature, the limiting parameter will be reached 
by the region in the neighbourhood of the solute atoms considerably 
before the limiting parameter is reached by the rest of the crystal. The 
consequence is that melting will commence at a lower temperature in 
those regions immediately surrounding the dissolved atom. The diver¬ 
gence between the liquidus and solidus is. therefore, simply a question 
of the range of distortion existing in the lattice. 

if) In a lattice in which the effect of the alloying element is not to 
produce expansion, but contraction. tKe melting-point should rise instead 
of falling. 

(g) When the lattice is elastically distorted under stress, the limiting 
vor. xxvii.—a.—1924. 



770 


SCIENCE ABSTRACTS. 


parameter is reached at the stage of elastic breakdown, and a new phase 
—an under-cooled liquid—is formed. 

(A) Problems connected with diffusion and with electrical conductivity 
are also fully discussed in the paper. J. L. H. 

2181. Effect of Temperature on the Hardness of Copper Alloys. L. 
Guillet. (Rev. de M6t. 21. pp. 295-302. May. 1924.)—The hardness 
of various copper alloys was measured at temperatures between 20° C. 
and 950° C. by means of a Brinell ball. The alloys studied were of copper, 
with zinc, zinc and nickel, tin, aluminium and aluminium silicon, aluminium 
iron and aluminium nickel. The original paper must be consulted for 
detailed results, the chief general deduction being that single-phase alloys 
remain harder at high temperatures than two-phase alloys. J. L. H. 


2182. The Potentiometric Determination of the Diffusion Rate of Metals 
in Mercury. E. Cohen and H. R. Bruins. (Zeits. phys. Chem. 109. 
5-6. pp. 397-421, 1924.)—The arrangement of the apparatus necessary 
to measure the diffusion rate of cadmium in mercury at various tempera¬ 
tures is described. The cadmium is deposited clcctrolytically from a 
cadmium sulphate solution on the surface of a mercury column acting as 
kathode, forming a very dilute amalgam. The p.d. between the mercury 
surface and a standard electrode is then measured potcntiomctrically at 
definite intervals ; the diffusion coefficient is calculated from the formula 

Vd = — V7 — Vt — 0), where D = diffusion coefficient in c.c. 

CqV 7T 

per sec., J a current strength in milliampcrcs, h = electro-chemical 
equivalent of cadmium, c = concentration of cadmium in mgs. per c.c. 
amalgam, q = area of mercury surface in sq. cms., t « time from commence¬ 
ment of experiment, and 0 «= time in which electrolysis takes place. 

This introduces corrections for the influence of current strength on 
the result. The procedure to be followed in making a measurement is 
described, and the effect of the shape and position of the cadmium anode 
and the strength of the CdS0 4 solution on the results is considered. The 
value of the coefficient at 20° C. and 1 atmosphere pressure is 1-520 X 10' 
cms. per sec. The results and methods of previous investigators are 
critically examined in the light of the authors' work. B. W. • 


2183. The Influence of Pressure on the Rate of Diffusion of Metals in 
Mercury. E. Cohen and H. R. Bruins. (Zeits. phys. Chem. 109. 5-<>- 
pp. 422-430, 1924.)—The apparatus already described [see preceding 
Abstract] is adapted for use at high pressures, and the diffusion rate for 
cadmium in mercury measured in the same way at 1 atmosphere ana 
1500 atmospheres pressure. The effect of the increased pressure on tne 
area of the mercury surface and the compressibility of the amalgam mus 
be taken into account. The coefficient at 1500 atmospheres was foun 
to be 1-446 X I0“ 6 cms. per sec. at 20° C., a decrease of over 5 per cea • 


of the value at 1 atmosphere. 


B. W. C. 


2184. The Propagation of the Wave of Shock. P. Laffltte. (Compt* 
Rendus, 178. pp. 1277-1279, April 7, 1924.)—An investigation is mane 
of the explosion of a number of different types of explosives by a record i g 
photographic method. The explosive is placed so as to occupy only 
portion of a glass tube of 5-15 mm. diameter, and detonation is initjawj 
by means of fulminate of mercury, which is fired electrically. The pho o- 
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graphic cylinder is caused to rotate with a velocity of 40 to 45 m. per 
second. Two separate effects can be recognised in the photographic 
tracing : first a straight line corresponding to the propagation of the explo¬ 
sive wave, and giving, by its inclination, a measure of the velocity ; and 
subsequently, a second image with an initial luminosity equal to that of 
the explosive wave, but rapidly decreasing. The second image corresponds 
to a wave of shock which is formed in contact with the surface of the 
explosive, and is conveyed beyond in the air or other gas contained in the 
tube. The varying inclination of the second image shows that the speed 
of propagation of the wave shock initially is generally higher than that 
of the explosive wave, and then slows down. In any particular gas, the 
wave ceases to be luminous after a certain distance, which, for a given 
explosive, depends on the density of loading and on the diameter of the 
tube. A description is given of the characteristic properties shown when 
the wave of shock is conveyed in different gases. [See Abstract 156 
(1924).] J. N. P. 

2185. The Mechanism of the Explosive Reaction. Audibert. (Comptes 
Rendus, 178. pp. 1275-1277, April 7. 1924.)—A straight tube of uniform 
internal diameter (12 mm.) is composed of three sections, the two outer 
ones being of glass and the central one of thin rubber. The detonation is 
initiated at one of the open extremities of one of the glass sections, and 
the flame is photographed on a rotating drum. The image obtained con¬ 
sists of two equally inclined straight traces separated by a dark interval 
corresponding to the section of rubber. The two parallel traces are cither 
in the same straight line or else displaced according to whether any modi¬ 
fication of the progress of the explosion wave is introduced through the 
walls of the rubber tube. With the mixture CH 4 + 20^ a displacement 
is observed, but with hydrogen and oxygen this only occurs when nitrogen 
is also present. The result indicates that the oxidation of hydrogen at 
high temperatures and pressures is retarded by the presence of nitrogen 
in analogy with a similar result previously observed with carbon monoxide 
(Abstract 2013 (1923)]. The effect is attributed to the momentary 
formation of N 2 O t and it is considered that a similar reaction proceeds 
during the detonation of nitroglycerine. The mechanism of the explosive 
reaction is considered to proceed as follows : The atoms composing the 
molecules enable the progress of a number of alternative reactions. Under 
the conditions of temperature and pressure prevailing in the wave, one 
of these reactions is more rapid than the others, and, by its progress, 
determines the velocity of the explosion wave. The gaseous residue 
then interacts by secondary exothermic reactions. The duration of the 
explosion is accordingly inversely proportional to the speed of the secondary 
reactions. The reaction interval is particularly short, attended by the 
highest shattering effect of the explosion, in cases where secondary reac¬ 
tions are absent or where the most rapid reaction is at the same time 
the most strongly exothermic. This condition is obtained with compounds 
of a simple constitution, such as certain chlorides, sulphides and azides. 

It is concluded that the decomposition of a disruptive explosive gives 
rise to reactions between gases which involve the oxidation of reducing 
bodies, as hydrogen and carbon monoxide, with the production of flame. 
If the explosion takes place in an inflammable atmosphere, as in fire-damp, 
safety from ignition is dependent on the condition that the flame-producing 
reactions are either arrested or brought to completion before making 
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contact with the surrounding medium. The tendency to ignite is greater 
in some explosives than in others, but in this connection no absolute 
distinction can be drawn between safe and unsafe explosives. J. N. P. 

2186. The Electrolytic Potential of Calcium. M. Tamele. (J. Phys. 

Chem. 28. pp. 502-505. May, 1924.)—The electrolytic potential of calcium 
is determined experimentally by measuring the p.d. between a calomel 
electrode and a dilute calcium amalgam in water and the p.d. between the 
same amalgam and a calcium electrode in pyridine. The result gives 
— 2-758 ± 0-004 volts, with the normal hydrogen electrode as zero. 
The potential is also calculated from Nernst’s theorem, using the specific 
heats of calcium, calcium oxide and hydroxide, and the heat of oxidation 
of calcium. This method gives — 2-77 volts. The relation of these 
results to recent work of J. Heyrovsky (see Abstract 1279 (1923)] is dis¬ 
cussed. B. W. C. 

2187. Significance of the Electrode Potential. Reply to the Criticism 
of J. A. V. Butler. J. Heyrovsky. (Chem. News. 128. pp. 357-359, 
June 6, 1924.)—A reply is given to a criticism of J. A. V. Butler [Abstract 
1035 (1924)], on an earlier paper by the author (Abstract 1268 (1923)]. 
It is explained that, contrary to Butler’s statements, no stages of the cyclic 
process devised by the author are irreversible, and that everywhere only 
free energy terms are used. It is reaffirmed that the ionisation potential I, 
may be taken as a measure of the free energy and. except at absolute 
zero, is not equivalent to the total energy. With increasing temperature 
more atoms have their valency electrons in the outer levels, and the ionisa¬ 
tion potential becomes progressively less, although the total energy of 
ionisation remains the same, being determined by the convergent fre¬ 
quency AVqq . 

It is concluded that Butler's second objection that the sum of tne 
electric potentials round the cycle is zero is based on a thermodynamic 
error. An inference which follows from Butler's deduction is that the 
pressure of metallic ions over the dry, isolated metal is in equilibrium 
with the concentration of unhydrated metallic ions imagined to exist in 
the vapour of the solution which contains the hydroxide MeOH. It| }• 
maintained, however, by the author that at the electrode the metallic 
vapour is not in chemical equilibrium with the solution but might e 
acted upon by water and yet have its characteristic or electrolytic potentia . 
By modifying the formula derived by Butler in accordance with these 
corrections, the same relation is derived between the electrode potentia 
and the basic and ionisation constants as has been deduced by the presen 
author, thus furnishing a further proof of the correctness of the deductions 
made by the latter. Errata (ibid. 129. p. 36. July 18, 1924). J- N - y ’ 

2188. The Mechanism of the Development of a Potential Difference at 
the Boundary of Two Phases. D. Reichinstein. (Zeits. Elektrochem. 
30. pp. 238-246, May. 1924.)—If it be assumed that for two given P liast ^ 
all ions, and also electrons, have the same partition coefficient, tnr 
propositions may be formulated which offer a simple explanation ° 
the development of a p.d. at the bounding surface of two phases. 

(1) The existence of asymmetrical conditions in the homog ene 
phase is necessary in order to produce a potential difierence. 
example, a metal is placed in contact with an ideal pure solvent, no p- 
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will result; but if a salt is dissolved in the solvent, asymmetry results, 
and heterogeneous equilibrium between the phases cannot be attained, 
therefore a potential difference is set up. The value of this is expressed 
in terms of the concentration in the liquid phase. The case of an oxida¬ 
tion-reduction electrode— e.g. with ferrous and ferric sulphate in the 
solution—is considered. 

(2) If a solid body is capable of causing chemical equilibrium between 
ions and electrons to be set up in a finite time in its own " reaction space.” 
then by contact with a solution in which unsymmetrical equilibrium 
exists, only asymmetrical equilibrium can result in the " reaction space. 
The bearing of this on the reversibility of processes in animal and vege¬ 
table tissues is discussed. 

(3) At the boundary of two phases a potential difference will develop 

if various degrees of asymmetry exist in the phases with regard to the 
same electrolytic or electronic dissociation process. This is illustrated 
by the chain sodium oleate in water/oil/sodium chloride in water, which 
is reversible with regard to sodium ions. Electrolysis considered as an 
example of asymmetTy in the homogeneous phase is discussed, and the 
relations between the author's theory and classical thermodynamical 
reasoning are illustrated. , „ 

The theories are compared in their treatment of electrolysis effects 
and the Richardson effect in the discharge of electricity through rarefied 
gases. The theory of Smits and Aten (Fh. Ch. 92. 11. 1918) with regard 
to the development of p.d. is examined critically, and it is concluded that 
the author’s theory gives a simpler and more satisfactory explanation of 
the facts. B - W ‘ C ' 

2189. The Oxidation Potentials of the Molybdenum and Tungsten 

Octocyanides. O. Collenberg. (Zcits. phys. Chem. 109. 6-6. pp. 353- 
374. 1924.)—The reactions between potassium cyanide and compounds 
of molybdenum and tungsten yield tetravalent complex cyanides of the 
type K 4 R (CN) 8 . Oxidised with permanganate in sulphuric acid, the 
compounds pass into pentavalent complexes K*R(CN)g. In aqueous 
solutions the complexes dissociate into K* and a negative tetravalcnt or 
trivalcnt ion. The author determines the oxidation potentials by 
measuring the e.m.f. of cells containing electrodes of mercury in calomel 
and potassium chloride and of platinum in the cyanide, and also in con¬ 
centration cells. The oxidation potential of the tungsten octocyanidc 
is 0-569 at 0 a with a cyanide concentration of 0-0964 mol. that of the 
molylxlenum compound 0-829 volt; addition of KC1 makes the potential 
more positive. The phenomena resemble those of the iron cyanides 
studied by E. MfHler [ibid. 88. p. 40. 1914). H. B. 

2190. The Behaviour of Silver Iodide in the Photo-Voltaic Cell. A. 
Garrison. (J. Phys. Chem. 28. pp. 333-345, April, 1924.)—Bccquerel 
first observed that the photo-potential of the silver iodide electrode electro¬ 
lyte cell was not always positive. Minchin observed similar effects with 
several cells, but regarded the negative effect as exceptional. In the 
case of the cuprous oxide photo-voltaic cell it was formerly thought that the 
photo-potential was always positive but it has recently been shown that 
the potential induced by the light may be either + or — depending on the 
condition of the electrode and the nature of the electrolyte.. In the 
present paper experiments are described which sho\V a remarkable simi- 
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larity between the action of the silver halides and cuprous oxide. The 
same general theory applied to both, the conditions which determine both 
the nature and the direction of the light effects being almost identical. 
The results are of interest in photography, because they furnish new data 
on the photo-chemical behaviour of the silver halides. 

The light-sensitive electrodes were prepared either by the direct action 
of the vapours of the halide or by electrochemical deposition of a thin 
layer of the silver halide on a polished silver electrode. The electrodes 
were made of thin sheet silver about 3 cm. in length and 2 cm. in width. 
They were always coated on the back with paraffin so that only the front 
surface which was exposed to the light was in electrical contact with the 
electrolyte. The electrolyte was always saturated with silver iodide. 
The electrode and electrolyte were placed in a rectangular glass vessel 
painted with black paint on all sides but one in such a way that the light 
had to traverse only 0-5 cm. of the electrolyte before falling on the elec¬ 
trode. A 0 -10 N. calomel half-cell completed the photo-voltaic cell. The 
cell was mounted in a light-proof box with a single window for admitting 
light to the sensitive electrode. A 500 c.p. tungsten filament lamp was 
used as a light source. As a result of the experiments it is proved that silver 
iodide photo-voltaic cells have been made which have both positive and 
negative photo-potentials. The sign of the photo-potential was found 
to depend on the thickness of the silver iodide layer over the electrode, 
and on the ratio of the concentration of silver ions to that of iodine ions 
in the electrolyte. The relation between the light intensity and the changes 
in electrode potential were measured for both the positive and the negative 
effects. Decomposition of the silver halide was found to occur during the 
maximum negative effects in the presence of a high concentration of 
silver ions. The results are in agreement with the theory that the silver 
iodide becomes more soluble in light. The relation between light intensity 
and photo-potential has been obtained by means of this theory. J. J- S. 

2191. The Electromotive Behaviour of Magnesium. A. Smits. (Zeits. 
Elektrochem. 30. pp. 223-230, May. 1924.)—Aluminium and magnesium 
exhibit a less negative potential than would be expected in aqueous 
solutions of their salts, which cannot be ^explained by the assumption of 
an oxide film on the metal surface [see Abstract 186 (1921)]. T e 
behaviour of magnesium, for example, shows that it cannot be regarded 
either as a true gas electrode or a true metal electrode. The author 
assumes that some form of internal equilibrium is set up in the metal; 
the evolved hydrogen cannot be involved in this equilibrium, since this 
would lead to an impossible value for the concentration of hydrogen 
ions in the liquid. Probably the hydrogen forms an adsorption complex 
with the surface layer of the magnesium. The accelerating or retarding 
influence of ions such as OH. Cl. S0 4 , on the attainment of the internal 
equilibrium, is illustrated and discussed. The magnesium is activate 
by amalgamation with mercury, and the influence of this addition on t e 
internal equilibrium is considered. The magnesium electrode becomes 
very strongly negative if mercuric chloride is added to it in an acid solution. 
On being removed and washed, the potential is — 1*970 volt 
KOH and — 1*850 volt in MgS0 4 solution. P\ . 

2192. The Hydrogen Over-voltage of Zinc. G. M. Westrlp. 

Soc.. J. 125. pp. 1112-1121, May, 1924.)—The over-voltage at a zu 
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kathode is measured by the direct method under various conditions of 
surface, current density and temperature, also in the presence of zinc 
sulphate and of gelatin. The liberation of hydrogen is assumed to be 
due to the decomposition of an adsorption complex first formed, and the 
equation T) = a + b log Dk is deduced for the over-voltage, where 77 = over, 
voltage, a and b are constants, and D K = current density. This expression 
is found to agree with the experimental results. An expression is also 
derived for the falling off of over-voltage with time after the circuit is 
broken, and the bearing of this on the commutator method of measuring 
over-voltage is pointed out. B. W. C. 

2193. Union of Electrolytically Prepared Sheet Metal. G. Eger. 
(Zeits. f. Metallkunde, 16. pp. 134-135, April. 1924.)—The nature of the 
ground metal foil is easily recognisable from the appearance of the etched 
section of the kathode and deposit. The removal of an electrolytic deposit 
from the ground metal is. indeed, facilitated if the latter has a rolled 
structure, since, with a deposit on electrolytically prepared sheet, the 
crystals grow further in the direction of the current, although the separating 
layer produced by interruption of the current remains visible. 

Deposits of iron-nickel alloys on polished brass plates may be obtained 
by alternate deposition of layers of nickel and iron, these being caused to 
alloy by being heated to a temperature short of the melting-point. T. H. P. 

2194. The Electrolytic Reduction of Tungstic Acid in Hydrochloric 

Acid Solution. O. Collenberg and J. Backer. (Zeits. Elcktrochem. 30. 
pp. 230-238, May. 1924.)—Solutions of alkali tungstates in concentrated 
hydrochloric acid, which contains tungsten mainly as W0 2 C1 2 , and partly 
in the form of the complex anion W0 2 C1 3 '. are reduced by a Pt. kathode 
quantitatively to the deep-blue-colourcd pcntavalent tungsten stage. 
With mercury, lead, or tin kathodes the reduction of sodium tungstate in 
concentrated hydrochloric acid at all current densities proceeds quantita¬ 
tively to the trivalent tungsten stage provided the temperature is not 
below 16° C. The corresponding potassium tungstate solutions are reduced 
by lead kathodes at a c.d. of 0 064 amp./cm . 2 and at temperatures above 
16° C., quantitatively to trivalent tungsten. With mercury kathodes 
the reduction is incomplete at all temperatures, and leads to an indefinite 
product, the valency of which is lower the higher the temperature and the 
higher the current density. At temperatures much below 15° C. the 
reduction of sodium tungstate in hydrochloric acid solution does not 
proceed completely to the trivalent stage on account of the stability of 
the quadrivalent tungsten chloride at low temperatures. Trivalent 
tungsten solutions obtained by electrolytic reduction are either greenish- 
yellow or red. the former containing the complex anion W 2 Cl 9 "'.and being 
obtained in the pure condition when the temperature is above 36° C.. 
while the red solution is best obtained by the use of lead kathodes, a c.d, 
of 0 064 amp./cm. 2 . and a temperature of 16-18° C., and probably con¬ 
tains the anion WC1 6 . H 2 0" or WC1 5 ". This latter form is comparatively 
unstable, and is gradually transformed to the green-yellow solution. The 
trivalent tungsten solution is strongly reducing, and in contact with 
Pt. or finely divided quartz sand is decomposed with evolution of hydrogen. 
In more dilute hydrochloric acid solution the reduction proceeds quantita¬ 
tively to the trivalent stage, the solution in this case being less stable and 
is rapidly oxidised by air to the tetravalent form. J. N P 
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2195. Effect of an Electric Current on the Motion of Mercury Globules 
in Dilute Sulphuric Acid, and its Bearing on the Problem of the Electrolytic 
Double Layer. J. E. P. Wagstaff. (Phil. Mag. 47. pp. 802-815, May, 
1924.)—An experimental investigation is made of the' phenomenon, 
observed by R. Whiddington. presented by small globules of mercury 
which, when injected into a tube of dilute H 2 S0 4l inclined at a small 
angle to the horizontal, can be made to move up the tube against gravity 
by sending a current in a particular direction through the acid. The 
velocity of the globule is found to be constant during its progress, and is a 
linear function of the p.d. between the ends of the tube. For a given p.d. 
the velocity varies with the radius of the globule in accordance with the 
Stokes-Ladcnburg law of viscosity. Experiments with non-electrolytes 
in the tube show that mechanical forces, such as arise when a conducting 
sphere is placed in an electrostatic field, can be neglected in any theoretical 
considerations of this phenomenon. A theoretical explanation of the 
results obtained is developed, introducing the definition of a critical diameter 
(for globules of atomic size) below which no electrolytic double layer 
exists. A - B - c - L * 


2196. The Cataphoresis of a Sphere. E. Httckel. (Phys. Zeits. 25. 
pp. 204-210. May 1. 1924.)—A continuation of the paper by Debye and 
the author [Abstract 1631 (1924)] deducing the formula? for the movement 
of the liquid, the general distribution of velocity and pressure, and the 
total force acting on the sphere. It is shown generally, without reference 
to special cases, that, contrary to Smoluchowski. the values for the velocity 
of migration of an ion, calculated by Stokes’ law and from the formula 
for cataphoresis. arc in agreement. 


2197. Fibrous Structure in Metallic Electrolytic Deposits. R. Glocker 
and E. Kaupp. (Zeits. f. Physik. 24. 2. pp. 121-139. 1924.)-X-rays were 
sent through sheets of the deposits, which could not be made less than 
0-1 mm. thick without destroying the structure ; hence a powerful X-ray 
tube with homogeneous radiation was required. Medium wave lengths. "t* 
strong photographic action, can be produced by using for the anti-cat 
a metal closely following silver in the periodic table, since the radiation 
from such a metal excites the silver radiation of the photographic granules, 
an alloy of 33 per cent, nickel and 67 per cent, antimony, which melts 
only at 1158° C., appears to be suitable ; but the actual measurements wer 
made with silver anticathodes. In several electrolytically d ®P os,t ® 
metals it was shown that the crystallites were regularly arranged, so 
to form a '* fibrous " structure; with copper the axis of the fibres is 
the [Oil] direction, with iron [111] or [112], according to the electro y 
used, with nickel [001] and with chromium [112] ; no fibrous struct* 
was observed with platinum, while silver from silver nitrate gave a som 
what complicated result. As noted above in the case of iron, the cr >' s ‘f 
graphic direction of the fibre axis depends on the composition of the eie 
lyte • it appears that the axis always has in the direction of 
velocity of growth of the particular crystal in the solution concerned. 
nature of the cathode employed influences the production of ° 
structure, which is produced most readily when the cathode and the^ ep ^ 
are the same metal. 
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2198. Note on /'. J. v. Wisniewski's Paper " On the Theory of Helium." 
W. Heisenberg. (Zeits. i. Phvsik. 25. 2. pp. 175-176, 1924.)—In a 
recent paper (sec Abstract 1381 (1924)) Wisniewski investigated the 
problem of the excited helium atom in a new way. and asserted that, 
contrary to the work of Epstein. I.and 6 , Bohr. v. Ylcck. Born and Heisen¬ 
berg. and llalpern, the correct term values for the parheiium spectrum 
can be obtained by application of existing principles of mechanics and 
quantum theory. It is clear from the outset that Wisniewski's mode of 
treatment must be based on a non-mechanical assumption, unless the 
concordant results of previous workers are accidental or contain the same 
error, and this is now found to lie in the circumstance that although the 
effect of the inner upon the outer electrons has been considered by 
Wisniewski, the reciprocal action of the outer upon the inner has not been 
taken into account. One result among others is that the total impulse 
of the atom is not constant. Even if Wisniewski's assertion be correct, 
his calculations afford no explanation of the presence and non-combination 
of the two spectra par- and ortho-helium, and the choice of quantum 
numbers and their arrangement appear very arbitrary. The author 
takes the opportunity to correct an arithmetical error in a previous paper 
[see Abstract 2364 (1923)), a factor - 15/8 being replaced by 
— {15 + 27(2(2-l)]}/8 in the last term of equation (14). This produces a 
quantitative but not a qualitative change in the particular data discussed. 

H. H. Ho. 

2199/ Induced Alternate Polarities in a Carbon Chain on the Basis of 
Bohr's Theory. K. Hejendahl. (Chem. Soc.. J. 125. pp. 1381-1388. 
June, 1924.) —The author explains, with the help of diagrams representing 
in the plane of the paper the relations assumed between the electron 
orbits, the case of chlorine bound to a long paraffin chain. In reality the 
orbits are arranged in space, and are probably not plane themselves. In 
agreement with the accepted view, the non-polar, covalent bond is regarded 
as consisting of two electrons revolving in orbits perpendicular to one 
another, each orbit having the form of an 8 . with one of the atoms in 
each loop. When the atoms are unlike, the time intervals during which 
the electrons are in the neighbourhood of the respective atoms are unlike, 
the loops being unequal in size; the frequency condition of Sidgwick and 
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the symmetry condition of Fowler are assumed to hold. It is shown that 
the terms positive and negative applied to atoms in an organic molecule 
correspond to small and large loops respectively. An attempt is made to 
estimate quantitatively the way in which the stress due to the Cl atom 
varies from carbon atom to carbon atom through the chain. The case of 
the benzene molecule is considered, numerically the alternating polarity 
effect persists round the entire ring ; numerical values of the extent and 
sign of the polarity are attributed to the ortho-, meta- and para-positions. 
A slight modification of the conventional representation of the Lewis 
configuration is suggested to represent the application of the Bohr con¬ 
cepts to covalent bonds. The following is the representation of the 
chlorine compound already considered :— 

H H H H 


H 


Cl 


H 


H 


H 


H 


This indicates that the orbit loops of the four L electrons round the carbon 
atom to which the Cl is attached are larger than those of the nexC and so 
on alternately. H - A ' 

2200. On the General Definition of the Correspondence between Wave 
and Motion. L. de Broglie. (Comptes Rendus. 179. pp. 39-40, J u ' y ’’ 
1924.)—The author has shown in previous papers Tsee Abstracts ^ . 
257, 570 and 1156 (1924)] that an interesting view-point of quanta phen - 
mena is obtained bv assuming that to the motion of every material pomi 

there is connected the propagation of a plane-wave w ' ose not 

the quotient of the total energy E by the Planck constant h. This is not 
satisfactory from the relativity standpoint, since expression should eM 
relations between universal tensors and the author now seeks d^, 
the correspondence between wave and motion from the latter’ s P 

He takes for the characteristic wave tensor, the product of k and 
the energy-quantity tensor of motion. This leads to ' 

G, = hv/V, = E/V,. where G, and V, are respectively the motion 
the tangent to the trajectory and thespeed of wave-phase ,n j* o£ the 

The second expression has for immediate consequence the 1 ty 
principles of Maupertius and Fermat and the interpretation of the 1 
conditions as those of resonance. Generally. the .peed v of ■notion along 
the trajectory is at each instant equal to the speed of W ^ wjth 
phases in this direction. The equation G, = ky/Vf “ *“ alwllys 

Brillouin's condition, whereby the motion of ‘ h ' J ua " t ' " , w f of re flec- 
equal to its energy hv divided by the phase-speed ^ then the laws 
tion and refraction can be deduced by application of the Ma P ^ 
principle to the light quanta. .,. 

2201. The Propagation of Gravitation. E. Anding. 

pp 183-187, May 15, 1924.)—A finite velocity of propagation of ^ 

tion would have no influence upon the changes 

other hand, however great it may be. it would bring about secular ^ 
in the eccentricity distinctly at variance with experience. 
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2202. Relativity. K. Bohlin. (Ark. f. Mat. Astron. och Fysik, 
Stockholm, 18. 1. pp. 1-12, 1924. In German.)—Let the transformation 
formulae be *' = k(x - vt) and /' = k[t - (t tx/c*)) ; then , on importing the 
condition of reversibility, we must have x = k(x' + vt'), t = k[t' + {vx'/c 2 )]. 
From these four equations, k 2 = (1 - /**)-l, where /? = v/c. From the 
four equations, with x = ct or with x = cl', we have *' = x . A(1 - 0 ), 
t = t. k( 1 — /3).—In vibrations, the frequency*/ is proportional to the 
unit of time \ v' :v :: t': r. v' = v . t'/t = v . A(1 - p ); and on passing from 
one unit of time to the other, Av/v, = (i v' - v)/v, = A(1 — £) - 1, 

= P + IP 1 — - Approximately Av/v = - /?. or AA/A = fi, which 

at once gives Doppler’s Law.—As to aberration, it is difficult to 
form a clear picture, but all comes right under relativity. Einstein 
assumes that the two light-vectors are the same, these being 


sin v 




lx -f my + nz 


). sin * >'(t' — 


l'x' + mV + hV 


Of these, the former, on the application of the transformations x — k 
(*' + vt'), t = k[t' +{vx'/c 2 )} becomes 


sin 




W ) y ' + *7T 


< 8 ') 


'•)]} 


which is the same as the latter, provided that 


k(l-pl). /'-(/- /5)/(I -pi), m- = ,»/*(l - pi). _ „/*(! _ p,) 

[Note. —Two misprints in the original are here corrected.] 

Let the movement of the ray be in a plane, and make an angle s with the 
axis of x in the system xyz and an angle s' in the system x'y'z '; then 
/ - cos $, m - O, n - sin s. I' - cos s', m' - 0. n' = sin s'. Let s - 0 ; 
then v' = v . A (1 - fi), whence Av/v * - f}, AA/A = Ddppler’s law. 
The expression for T gives cos s' = (cos s - /J)/(l - 0cos 5 ). whence 
approximately As - 8 . si n s. the aberration law. The expression for 
«' gives sin s' = Vl - fi, sin s . (1 - p cos s). Compare these with the 
true and ecce ntric pl anetary anomalies, cos v = (cos E — e)/(l — c cos E) 
and sint;- Vl - e 2 sin E ./(,-« cos E). There are other analogies, but 
these cannot be pushed far. If in the foregoing we identify t' with /, the 
latter of Einstein’s two light-vectors ceases to be a light-vector, and the 
light-vibrations are not at right angles to the ray ; the true aberration law 
is not then arrived at. If. however, we can make x and t independent 
variables the difficulty disappears, and the motion is of the type 
try fit* = c 2 . 7) 2 yfix 2 . A D 


2203. Determination of Curvature Invariant of de Sitter's Space-Time. 
L. Silberstein. (Phil. Mag. 47. pp. 007-918. May. 1924.)—This empty 
space-time, originally proposed as a solution of Einstein’s amplified field 
equations, and which is isotropic with respect to Riemannian curvature, 
is characterized by the line element 

ds 2 = cos* tr . c^dt 1 - dr 2 - R2 sin* a(d</> 2 + sin* f>dQ 2 ), 

where a = r/R. The. space-time of this quadratic form is the line 
element of an elliptic space, which the author here assumes to bo of 
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the polar kind so as to be covered by the interval a = 0 to a = 7r/2. 
and the constant R is the curvature radius. Then if G be the 
invariant of the curvature tensor G,>. R will be given by G = 12/R 2 . Thus 
R should have an intrinsic meaning, and if finite, it is of prime interest to 
determine it from a number of independent sets of observational data 
and see whether the R values so obtained are more or less mutually con¬ 
sistent. The author's objective is to show that this is probably the case. 
The formula of de Sitter for the Doppler effect is not applicable to 
actual stars, which cannot in the space-time here considered be at rest 
relatively to one another unless they coalesce or one is at the polar of the 
other. Hut Weyl [Abstract 1774 (1923)] has formulated a general prin¬ 
ciple for intrinsically computing a Doppler effect constructed for a star 
and an observer, each describing some geodesic 8 jds = 0 of de Sitter’s 
space-time, or, in view of the practically evanescent transversal effect, 
a geodesic of its two-dimensional section ds 2 = cos 2 a . c 2 dt 2 — iVdo 2 
covering the case of all radial motions. Weyl. in applying this general 
principle, makes the gratuitous assumption of a universal scattering 
tendency of matter, which is not only improbable, but is contradicted 
by the case of the famous nebula in Andromeda and by the globular 
clusters generally. The author accordingly investigates the problem 
from the outset, but is unable to dispense with the assumption of the very 
questionable hypothesis of the permanence of atoms as "natural clocks.’ 
in Einstein’s sense. The outcome of his investigation is that ten values 
of R arc obtained from eight globular clusters and the Lesser and the 
Greater Magellanic Clouds, as follows: 0-7. 6-7. 2-2. 0-7. 4-7, 5-7, 9*1, 
4 -8, 8-2. 4-2, all multiplied by the common multiplier 10 12 astronomical 
units. Plausible ground for assuming that the differences in these values 
may be attributed to observation errors in the data would give an average 
value R = 5-9 x 10 12 astronomical units. G. W. de T. 

2204. The de Sitter Space-Time. P. du Val. (Phil. Mag. 47. pp. 
930-938, May. 1924.)—The author describes the hyperbolic fourfold by 
five coordinates, x, y v y 2 -T 3 . >'*■ A point is fixed by their ratios, so i * 
be real all the coordinates will be real. The manifold of real points is 
divided into three groups— actual, for which x 2 > Ey 2 ; absolute, {or whic i 
X 2 = Ey 2 : ideal, for which x*< £y 2 . It is shown that it is the elliptic case, 
not the spherical, of de Sitter’s world which is the ideal field of the hyper¬ 
bolic world. The curve in the latter along which Jds between any two 
points is stationary for all infinitesimal deformations which vanish at u 
two end points is the straight line. Thus in de Sitter's world the woria- 
line of a particle is a straight line. Lines through any given point are 
either (1) time-like. i.e. containing real intervals (they are secants of tne 

absolute); (2) minimal, i.tf. containing zero intervals between non-coincmc 

points (they are tangents of the abolute); (3) space-like, i.e. containi g 
purely imaginary intervals between real points (they are non - se ^ nl ® ~ 
the absolute). G. W. de 

2205. Dynamical and Kinematical Velocity in Einstein Relatl1 ’^' 
P. A.M. Dirac. (Phil. Mag. 47. pp. 1158-1159. June. 1924.)-The^author 
refers to Eddington’s proof [Mathematical Theory of Relativity. § o J 
the identity of the definitions of the dynamical and kinematical veloci 
for an isolated particle possessing three perpendicular planes of symme 7*' 
and claims to have proved this identity without any postulates concern 5 
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the form of the particle by considering the conditions that hold at surfaces 
of discontinuity in a distribution of matter. [See also loc. cit., § GG.] 

G. W. DE T. 

2206. The Michelson-Morley Experiment. L. Strum. (Zeits. f. 

Physik. 24. 1. pp. 20-23, 1924.)—The negative results hitherto obtained 
have been explained as being due to either an ether-drag by the earth or 
(Ritz, Tolman, Stewart) a velocity of light equal to the sum of c with 
the velocity of a moving source. But these do not explain the small 
positive results recently obtained by Miller. If, however, we assume the 
velocity of light from a moving source to be a function of the velocity of 
the moving source—save = c 0 + av where a > 0 , < 1 —we find as between 
the two positions a time-difference (//^o)( t/ / r o) 2 C 1 — 4a + 3a 2 ). When this 
= 0, a = 1 or f When (according to Miller) (1 — 4a -f 3a 2 ) = 1 l n , we 
have a either greater than 1 or else equal to 0-286. Then a velocity 
c = cq + 0-286u would explain Miller's positive results; and a velocity 
fo + v or a velocity c 0 + Ju would explain the absence of positive results. 
It is not impossible that the function above assumed may differ at different 
terrestrial heights. The previous experiments were carried out at moderate 
heights, Miller's at a height of 5900 feet. A. D. 

2207. Aberration and Absolute Motion. R. Tomaschek. (Ann. d. 

Physik. 74. 2. pp. 13G-145, May. 1924.)—It is quite impossible cither by 
I.cnard’s stationary ether, by dragged ether, or by relativity to reconcile 
(1) the wave-properties of light, (2) aberration. (3) Michelson and Morley’s 
experiment, and (4) the phenomena of double stars. I.cnard’s hypothesis 
that each heavenly body has its own ether, dragged along with it and 
thinning away as the distance from it increases, and that space is filled 
with a proto-ether (" Ur&thcr ") at rest (" Athcr und UriUhcr." 2nd edn., 
Hirzel, Leipzig, 1922). reconciles all the facts. The author examines 
Lenard’s hypothesis, and concludes that the other explanations require 
additional hypotheses which are equivalent to Lcnard's. A. D, 

METEOROLOGY AND GEO-PHYSICS. 

2208. Atmospheric Eddies. F. M. Exner. (Metcorolog. Zeits. 41. 

pp. 175-179. June, 1924.)—A brief review is here given of recent work on 
eddy formation by Fujiwhara. Ryd and Ahlborn. The experiments of 
Fujiwhara on the formation of eddies in water (especially the growth of 
the larger at the expense of the smaller) arc considered especially inter¬ 
esting. but the theory in its present state is not directly applicable to 
atmospheric processes. y/ A K 

2209. Whirlwinds. W. Hartmann. (Meteorolog. Zeits. 41. pp. 101- 

109, April, 1924.)—Whirlwinds appear to originate in a vertical streaming 
coluam of air, which glides along with an acceleration. The acceleration 
originates in a billowy layer, formed at a stratification boundary. The 
motion in such cases is discontinuous. Mountains favour the formation 
of whirlwinds, and gliding surfaces in depression are also particularly 
favourable. yj ^ 

2210. Atmospheric Transparency and Weather States. W. Milch. 
(Meteorolog. Zeits. 41. pp. 109-113. April. 1924.)—The observations 
indicating relations between atmospheric transparency to sunlight and 
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weather states given in the paper were made at Taunus observatory. 
The measurement of atmospheric tubulence is useful for prediction. Four 
„ types were distinguished : (1) Approaching depression, giving steadily 
increasing turbulence ; (2) undulating isobars with rapid, irregular changes 
in turbulence; (3) convection, showing symmetrical daily curves about 
the convection maximum ; (4) inversion layer. W. A. R. 

2211. Atmospheric Electrodynamics. F. Schindelhauer. (Phys. 

Zeits. 25. pp. 281-282, June 1, 1924.)—This paper forms a brief reply to 
F. Kaftan [Abstract 1704 (1924)1, whose " electrodynamic" explanations 
of atmospheric processes are said to be ill-considered and unsupported 
by evidence. * W. A. R. 

2212. Atmospheric Polarisation. J. J. Tichanovsky. (Meteorolog. 

Zeits. 41. pp. 173-175, June. 1924.)—Two factors affect atmospheric 
polarisation: (1) Double refraction of the light by the atmosphere: 
(2) dispersion of the light by particles in the air. The first gives a dark 
blue colour, and the seconed gives a whiter and more diffused colour. 
The influence of these two factors explains the component colours of 
light polarised by the atmosphere. W. A. R. 


2213. The Measurement of Vertical Vision. • A. Wlgand and 
K. Genthe. (Phys. Zeits. 25. pp. 263-270. June 1, 1924.)—Measure¬ 
ments of vertical vision have been conducted by means of a pilot 
balloon and theodolite [see Abstract 2043 (1924)). using the trans¬ 
lucent glass method. Various balloons of rubber and glass are 
described, and the evaluation of the observations was accomplished 
by means of formulae, tables and diagrams in the " Handbuch des 
Heereswetterdienstes." From the average data obtained between tpe 
ground and different balloon heights, the differences shown have enabled 
the vision values of separate atmospheric layers to bo determined. 
Graphical representation of the results gives curves of state for vertical 
vision which enable strata distribution to be connected with that of wind, 
temperature, humidity and cloud. The typical structural elements of the 
vertical variation are claimed to be quantitatively comprehended y 
means of these new aerological methods. Very full details, with diagrams, 
are included in the paper. 


2214. Perturbations of Normal Atmospheric Electricity in Potsdam: 
Influence of Wind and Weather. H. Markgraf. (Meteorolog. Zeits. «• 
pp. 165-170, June. 1924.)—Analysis of observations in Potsdam trom 

1912 to 1921. ' 

2215. The Earthquake of March 15. 1923. G. Agamennone. 

(Accad. Lincei. Atti. 33. i. pp. 136-140. Feb. 17. 1924.)-Further remitfks 
[see Abstract 1713 (1924)] on the basis of a more extended senes ot wo ^ 
wide data. 


ASTRO PHYSICS. , 

2216. Determination of Time and Modification of Method of Correspond¬ 
ing Altitudes. G. Bigourdan. (Comptes Rendus, 178. PP-J^Tc 
June 23; 1924.)—The method of transits by means of a fixed 
instrument has hitherto been taken as the most accurate method ot ° D ^ 
ing time, but different transit instruments may give results diffenng y 
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tenth of a second or more, even in the same locality. The author reviews 
six methods, and considers that the greatest precision is obtained by 
taking the corresponding altitudes of known stars, but suggests a modifica¬ 
tion, replacing the old spirit-level by a telescope, which is itself made the 
axis of rotation. Direct and reflex observations in a mercury bath should 
be made with this instrument, as is done in an ordinary meridian transit 
instrument, and thus the observing telescope can be made to preserve a 
constant position with regard to the vertical when passing from one star 
to another. Account must be taken of the variations in refraction between 
the observations. A. S. D. M. 

2217. Determination of Corrections to Equinox and Equator Point from 
Observations of Venus made at the Royal Observatory, Greenwich, 1915- 

1923. J. Jackson. (Roy. Astron. Soc., M.N. 84. pp. 476-481, May, 

1924. )—The underlying principle is that an observation of a neighbouring 

planet is equivalent to an observation of the earth from that planet. 
Thus from the 438 observations of Venus, during the last nine years, a 
good determination is made of the equinox and the earth's longitude. 
The plan followed is similar to that used by Hough at the Cape for observa¬ 
tions made of the sun, Venus and Mercury in the years 1907-1916. The 
right ascensions depend on the adopted positions of the clock stars : the 
declinations were reduced with ^ latitude of 51° 28' 38'* 10. Pulkowa 
refractions, a term O'-60 sine zenith distance for flexure, and the latitude 
variation given by the Cookson Floating Telescope. When the residuals 
from the N.A. positions were transformed into longitude and latitude 
they gave the following corrections : The adopted right ascensions are too 
large by + 0' • 058; the declinations too small by -f 0' • 08; the longitude of 
the sun should be increased by -f O' - 47 and the obliquity should be corrected 
by —O'-29 ± O'-07. The declinations treated directly give an increase 
of + 0 4 -18 (instead of the above 4- 0'-08), and the residuals in declination 
from the few observations of Mercury would indicate a correction at the 
equator of + O'-06. A. S. D. M. 

2218. Cosmical Refraction. L. Courvoisier. (Phys. Zeits. 25. 
pp. 187-188, April 15. 1924.)—The author replies to Kienle’s criticism 
[Abstract 1107 (1924)] that in all his publications he has laid stress on 
the observed fact of the Courvoisier effect, and assumed a cosmical 
explanation only as a working hypothesis ; and that it is not fair to select 
for criticism some of the series of observations adduced in evidence and 
to ignore a number of others. He shows that the Heidelberg observations 
of transits of Venus, and his reductions of these, are free from objection 
as material for this research ; and he asks why, if the Courvoisier effect 
is due to atmospheric disturbances, as Kienle thinks, it should not affect 
eclipse plates as well as meridian-circle observations? In his opinion 
the problem of gravitational effect can only be solved by eclipse photographs 
which show absolute star-shifts (instead of merely differential), such as 
those which the German expedition to Mexico intended to take in 1923. 

M. A. E. 

2219. Radiation Equilibrium. R. Emden. (Zeits. f.Physik, 23. 3-4. 
pp. 176-213. 1924.)—In a previous paper [see Abstract 1542 (1923)) the 
author has shown that Eddington’s theory of the structure of stars can 
be derived independently of the idea of radiation equilibrium. The 
present paper discusses this viewpoint more closely, but not with the 
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rigid degree of accuracy given in similar mathematical work of Jaff6 
[see Abstract 937 (1923)]. It is now shown that the dimensional order 
of the radii of giant stars may be calculated from spectral photographic 
observations. The differential equation of the radiation equilibrium and 
the consequent thermodynamic equations are derived, and from the data 
obtained an attempt is made to interpret the structure of gaseous spheres 
and stellar atmospheres. The relationships in a sphere of incompressible 
fluid in radiation equilibrium are found to be expressible in a closed 
form and serves for orientation purposes. The latter half of the paper 
discusses in detail certain investigations of Eddington and Kohlschiitter* 
The principal deviation from the former is the deduction that if the 
molecular weights and the material constants are given, the masses of 
the possible giant stars in radiation equilibrium may be determined 
independent of their radii. All giant stars in radiation equilibrium and 
constructed of the same material must be of equal mass. This remarkable 
fact serves as a theoretical foundation for dealing with giant stars. 

H. H. Ho. 


2220. Polarisation of Light from the Moon, Mars and Mercury. B. 
Lyot. (Comptes Rendus, 178. pp. 1796-1798, May 26, 1924.)—The 
degree of polarisation of the light diffused from these bodies is plotted 
against the angle of diffusion. The curves are very similar in form. If 
light polarised in the plane of diffusion be denoted positive, and at right 
angles to this plane negative, the curve is of the following form : At 
zero angle the polarisation is zero, falling to a minimum value of 0 012 
at about 10°. It becomes zero again at 24°, rising to a maximum of 
0 04 — 0 09 at about 100°, and thence falling steeply. These results 
indicate that the three bodies are similarly constituted as regards atmo¬ 
sphere. and differ entirely from Venus, of which the polarisation behaves 
in another way. [Abstract 794 (1924).] A. Wh. 


2221. Diurnal Variation of the Temperature of the Surface of the Moon. 
R. Dietzius. (Akad. Wiss. Wien. Ber. 132. 2 a. No. 5-6. pp. 193-206, 
1924.)—The question is treated mathematically, first by supposing conduc¬ 
tion of heat in the moon's crust may be neglected, the temperature assume 
by the moon’s surface at any time being such as to give strict equilibrium 
between incoming and outgoing radiation ; secondly, taking conduction 
into account. In the first case, supposing the coefficient of absorption 
of solar radiation and the coefficient of emission of low-temperature radia¬ 
tion bv the moon both to have the value 0-87. the following are the 
temperatures (T) assumed by the moon's surface for different angles oi 
incidence ( i ) of the solar beam. 
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Here t is the time in moon-hours starting from mid-day as 0, T is the 
temperature of the moon’s surface in ° abs., W is the vertical transport 
of heat at the surface by conduction (unit, 10~ 4 cal. cm.- 2 sec.- 1 ), A is 
the outward flux by radiation, and B the inward flux by radiation in the 
same units as W, and g is the vertical temperature gradient in the crust 
at the surface in ° C./cm. The figures relate to a place on the equator. 
The lowest temperature, just before sunrise, is 194° a.; the mid-day 
temperature is 384° a.: and the .maximum is 385° a., the last occurring 
about one-third of a moon-hour (i.e. about ten earth-hours) after moon 
mid-day. The mid-day temperature falls short of the radiation equilibrium 
temperature above by only 15°C. 

The paper also contains a discussion of the earlier observations and 
conclusions of Langley. Very and Coblentz, and also deals with the relative 
intensities of the long-wave radiation emitted by the moon and the • 
reflected solar radiation. M. A. G. 

2222. 'Rotation Period of Sun, Derived from Greenwich Measures of 

Solar Faculer. Greenwich Observatory. (Roy. Astron. Soc., M.N. 84. 
pp. 431-442, April. 1924.)—Facula* are in themselves more difficult to 
measure than sunspots, but they arc longer lived, and when they disappear 
they do so as a whole, and not as in sunspots, where the following spots 
die out before the leader. Therefore small, persistent faculous entities, 
with intervals of 27 or M days, offer good material for determining the 
sun’s rotation. The material is drawn from the years of smaller solar 
activity between 1888 and 1920. The conditions for selection of facula 1 
and the method of reduction arc described, and a list is given of the actual 
faculous groups used. Two empirical formulae are derived for the variation 
of the rotation with solar latitude: (I) £ = 14°-64 — 2°-81 sin 2 <f>, and 
(2) f «= 14°-49 — l°-78sin 2 ^ — 3°-10sin 4 ^. and a comparison is given 
with formula* derived by other observers of facula* or from other solar 
phenomena, the agreement between formula (1) and that by Philip 
Fox. for calcium flocculi. being very close. . A. S. D. M. 

2223. The Solar Constant. F. Linke. (Mctcorolog. Zcits. 41. pp. 

74-78, March, 1924.)—The author challenges the conclusion that the 
solar constant presents variations. He discusses the sources of error in 
instrumental observation and in extrapolation, and points out the import¬ 
ance of the afternoon dustiness of the air at high altitudes. A. D. 

2224. Influence of Comparison Stars on Photographic Proper Motions. 

J. Jackson. (Roy. Astron. Soc.. M.N. 84. pp. 401-409, April, 1924.) 

—1 he author discusses the influence of the random proper motions 
of the comparison stars on plate constants with special reference 
to van Maancn’s proper and internal motions of spiral nebula?. 
He considers certain ideal cases, and shows that van Maanen's 
introduction, of squared terms, influences seriously the probable error 
of the plate constant a. He finds that the value of *. the probable 
proper motion of a comparison star, combined with the probable error 
of measurement, may be greater than I' per century in each coordinate, 
and that if the proper motions obtained by van Maancn for the spiral 
nebula* are treated as entirely due to accidental errors, they indicate a 
probable error of about O'-6 in each coordinate, and that if e be taken 
at l'-4 per century, the proper motions of the nebula? in space can be 
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explained. But the influence of the comparison stars on the internal 
motions of the spiral is much less marked ; the average probable error 
found by van Maanen cannot exceed 0-3e, and the actual motions are 
of the order 3"-0 for rotational and l"-0 for radial motion. As far as 
the comparison stars are concerned, the position will not be improved 
by increasing the interval between the plates. [See also Abstract 1732 
(1024).] A. S. D. M. 

2225. Recent Observations of Some Bright-Hydrogen-Line Stars. 

W. J. S. Lockyer. (Roy. Astron. Soc., M.N. 84. pp. 409-425, April, 
1924.)—A continuation of the study of the variable line (see Abstract 
1708 (1023)), as it appears in 21 stars (of which the one most often observed 
is £ Tauri) photographed recently (1923-24), and compared with earlier 
observations by P. W. Merrill (in 1911-12) and R. H. Curtiss (1916 and 
1920). The most interesting cases where notable changes were found 
in the appearance of the hydrogen lines arc : <f> and ip Persei, r), £. 17 and 
27 Tauri, v Cygni, 25 Orionis, and H.D.C. 20336. All the photographs 
were taken with the 9-in. Prismatic Camera of the Norman Lockyer 
Observatory, with a prism of 45° angle and a dispersion of 46-0 mm., 
between and H*. The author summarises the recorded appearances 
of the hydrogen lines, and illustrates by a plate eight of these bright 
hydrogen line stars. A. S. D. M. 

2226. Pressures at the Sun's Surface. H. N. Russell and J. 0* 
Stewart. (Astrophys. J. 59. pp. 197-209, May, 1924. Paper read 
before the Nat. Acad. Sci., April, 1923.)— Estimation of Solar Pressures. 
— The available methods of estimating the gas pressures which prevail 
at the sun's surface are based upon : (1) Pressure shifts of Fraunhofer 
lines. (2) Sharpness of lines sensitive to pressure. (3) General opacity 
of the outer regions of the sun. (4) The absence of scattered sunlight in 
the flash spectrum. (5) Widths of Fraunhofer lines. (6) The gravita¬ 
tional equilibrium of the outer regions of the sun. (7) Radiation pressure. 
(8) Ionisation and chemical equilibria in the solar atmosphere. Previous 
work is reviewed, and new material presented under (2), (4), (5). an 
(8). All lines of evidence agree with the conclusion that the total pressure 
of the photospheric gases is less than 0 01 atmosphere, and that the average 
pressure in the reversing layer is not greater than 0 0001 atmosphere. 

Constitution of the Solar Atmosphere.— It is probable that the chrom - 
sphere is supported by radiation pressure, and that the gas pressure a 
its base is of the order 10-* atm. In the next 200 km. (the reversing layer) 
the pressure increases to 10“ 2 atm. Below this level general absorpuo 
produces rapidly increasing opacity, resulting in the photosphere. g 
whole amount of matter above the photosphere is of the order 10~ 4 gm./cm. . 
equivalent to a layer of ordinary air 10 feet thick. 

Similar considerations apply to the great majority of stellar atm - 
pheres. Thus it is probable that the lines in most stellar spectra 
produced substantially under vacuum conditions. . , 

Widening of Hydrogen Lines by Stark Effect. —A more detailed calc 
tion shows that the extreme width of H p in a stellar spectrum. duC 
Stark effect in the ionized gas, may be more than one hundred times 
mean width recently calculated by Hulburt under certain simpInyjS 
assumptions. This recalculation leads to much lower pressures 
Hulburt computed. 
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Dissociation of TiO z Vapour in the Solar Atmosphere. — Atkinson has 
calculated this, assuming the oxygen to be in the molecular state. It 
is almost certainly in the atomic. This modifies his equations, and leads 
to higher computed pressures. 

In each of the foregoing cases the recalculation leads to values of 
the pressure in agreement with the results of other methods. Authors. 

2227. Study of Distribution of Energy in Some Stellar Spectra. J. 

Baillaud. (Comptes Rendus, 178. pp. 1604-1606, May 12. 1924.)— 
The spectral curves of energy for types F5, A and B, are sharply differen¬ 
tiated, and for F6 stars that for the dwarf Procyon alone resembles that 
of a black body. The curves for A and B do not resemble that of a black 
body for shorter wave-lengths than A500 »;/z. Certain B-stars (y Cassio¬ 
peia?, e Orion) show a sharp diminution of energy in the extreme ultra¬ 
violet. A-stars show a maximum energy near A400 mfi. It is inferred 
that the cause of the continuous spectrum is not the same for white and 
yellow stars. A- and B-stars arc masses of gas with a central nucleus 
under great pressure, their atmospheres being rare and greatly extended. 
In A-stars the radiation from the nucleus is the more important; in the 
B-stars the emissions from its atmosphere predominate over all the 
nuclear radiations. A. S. D. M. 

2228. Effective Wave-length and Spectral Classification of Faint Stars. 

Standards of Reference. C. R. Davidson and E. Martin. (Roy. Astron. 
Soc., M.N. 84. pp. 425-431. April. 1924.)—Bcrgstrand and Rosenberg 
in " Astron. Nachr.” 5159 suggest a list of 25 stars near the North Pole 
as suitable for standards for a colour Durchmusterung for faint stars, 
being of spectral types, B to M. and of the 5th or 6th magnitude. At 
Greenwich these have been photographed between 1923, July 26. and 1924, 
March 11, with the 30-in. reflector stopped down to 20 inches, with a wire 
grating of equal bar and space and of approximately 3-0 mm. pitch, 
several stars being on each plate. Two sets of exposure were given in 
the ratio 1 : 3, so that the intensities differed by one magnitude, and the 
length of exposure is such that one set is fainter and the other brighter 
than the adopted standard intensity, i.e. ten minutes exposure on a 10th 
magnitude star, lables are given of the name, place, magnitude, colour 
index and spectral type of the standard stars ; of their measured effective 
wave-length ; of their adopted effective wave-length ; and of the 
equivalent spectral type of the effective wave-length. These provide 
provisional standards, and for definitive standards the authors suggest 
the adoption of a reflecting telescope as the standard type ; the definition 
of the density of the standard image ; the correction to the zenith of the 
effective wave-length; and the checking of the quality of the sky 
whenever observations are made by exposing on a field near the North 
Pole. (See Abstract 798 (1922).] A. S. D. M. 

2229. Spectra and Temperatures of the B-Stars. Cecilia H. Payne. 
(Nature, 113. pp. 783-784, May 31, 1924.)—Fowler and Milne have shown 
[Abstract 1810 (1923)] that the effective temperature at a given point 
in the stellar sequence may be deduced from the knowledge that a line 
of known series relations reaches there its maximum intensity. From 
recent measurements of a number of spectra at Harvard College Observa¬ 
tory it is found that helium lines of the IP - roD series reach their maxi- 
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mum intensity at stellar type B3. and this indicates a temperature of 
about 16,000° for stars of this type. A diagram is given which shows 
the rise and subsequent fall of intensity in these lines in going from 
type 0*6 to Ao. and also the corresponding temperature for each type 
deduced from silicon, helium, and carbon lines. 

Edwards has recently determined the absolute magnitudes and paral¬ 
laxes of B-stars [Abstract 1736 (1924)] by measuring the differences of 
intensity between these helium lines and the hydrogen lines H y and H 3 , 
and his results show a general decrease of absolute magnitude with 
advancing type. This was. however, to be expected, for the spectral 
sub-types of B-stars were determined by using helium lines with identical 
intensity-changes as a criterion, and the hydrogen lines also vary with 
type ; his measures therefore simply confirm the well-known statistical 
correlation of type and absolute magnitude in B-stars. Moreover, the 
parallaxes he uses in forming his reduction curves are not always the 
best obtainable. M. A. E. 


2230. Vestiges of Spiral Structure in Star Clusters. P. Bruggencate. 
(Zeits. f. Physik. 24. 1. pp. 48-51, 1924.)—It was first noted by Shapley 
that the giant stars in globular clusters are bright in proportion to the 
redness of their colour, which indicates that all stars of a globular cluster, 
had the same origin, but that the most massive, taking the longest time 
to develop, arc in the earliest stage. The phenomenon is observed also in 
some open clusters, such as M37 and Mil, although it is less marked here, 
doubtless because many stars of the Milky Way, external to these clusters, 
are seen in projection upon them. Freundlich and Hciskanen have found 
that the B-stars in the globular cluster M13 show evidence, by their 
present grouping, of having been originally grouped in a spiral. Following 
up these indications of the past history of clusters, the author shows that 
when the brighter and the fainter stars near the centres of the globular 
clusters M3 and M15 are plotted separately, the fainter stars arc seen to 
be arranged in an ellipse, while the brighter stars show an approximately 
spiral structure. In M3 two spiral arms start from the opposite extremities 
of the major axis of the elliptical nucleus, as required by Jeans’ theory. 
The distribution of A and B stars has also been investigated in the open 
cluster M37, and it appears that here also vestiges of a spiral structure arc 
to be found. The paper is illustrated by five diagrams. M. A. E. 


2231. Distribution of Stars. H. Shapley. (Scientific Monthly, 18. 
pp. 449-455, May, 1924. Harvard reprint, 8.)—No analysis of stellar 
distribution is of great value which ignores the disc form of the Milky 
Way, the eccentric position of the sun, and the non-homogeneous character 
of our neighbourhood ; we must take into account both galactic latitude 
and longitude. The sun is near the great Cvgnus star cloud, and the 
preferential drift of rapidly moving stars is an indication and measure 
of its velocity with respect to the Galaxy and the Local System. There 
are large obscuring nebulosities distant a few hundred parsecs in*Taurus, 
Ophiuchus and from Sagittarius into Aquila. [See Abstract 1728 (1924).J 
In the Milky Way, classes A and K, being giants, are the more numerous 
on a basis of a unit of surface ; the dwarf stars are more numerous on 
a basis of a unit of volume. Probably K and A are long periods in t e 
evolutionary sequence. Stars in the solar .phase of development are 
1800 times as numerous as the highly massive and luminous B-stars, an 
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350 times as numerous as the giant M-stars. This proportion of B to M 
suggests that few stars have sufficient mass to attain the highest surface 
temperatures. There are in a million cubic parsecs, in low galactic lati¬ 
tudes. 22 giant M-stars. 4-4 B-stars, 680 dwarf F- and 7600 dwarf G-stars, 
but the space explored for B-stars is about 1-5 x 10 8 cubic parsecs. 
Most stars in low galactic latitudes are dwarfs, and this suggests that the 
evolution through known spectral types is a matter of the past, or that 
the development in the dwarf stage is slower than in the giant, or that 
large masses are infrequent and small masses evolve rapidly in early life. 
Some of the fainter stars extend to beyond 3000 parsecs, but more than 
95 % of all the stars in the Henry Draper Catalogue are within 1000 
parsecs of the sun, and only about one-millionth of known space is covered 
by the Catalogue. B- and early A-type stars are more concentrated to 
the galactic plane than later classes ; B-stars fainter than the 8th magni¬ 
tude are almost all members of the general galactic system ; the brighter 
B-stars are in the Jx>cal System in Carina, and show that the central 
plane of this is inclined 10 o -15° to the galactic plane. M-variables are 
four times as numerous in the Sagittarius direction towards the centre 
of the galaxy than in the opposite direction. A. S. D. M. 

2232. The Spectroscopic Parallaxes of A-Type Stars. B. Lindblad. 

(Astrophys. J. 59. pp. 305-309. June. 1924.)— Comparison of the Harvard 
and Mt. Wilson Classifications of A-type Stars.— The difference between 
the reduction curves for deriving absolute magnitude used by Adams and 
Joy for A-type stars with *' sharp ” and *' nebulous *' spectral lines respec¬ 
tively seems to be due entirely to a systematic difference in the Mt. Wilson 
type for these two kinds of spectra. Within the Harvard interval 
A0-3 the Mt. Wilson spectral type seems to be correlated with the 
exposure-ratio for the regions AA3895-3907 and AA3907-3925. measured 
in short objective-prism spectra. There are strong indications that the 
subdivisions by Adams and Joy of the A-tvpe in their relation to the 
original.Harvard sequence, at least for the Harvard interval AO-3, have 
the character of a luminosity classification—i.e. a classification dependent 
on the atmospheric density-gradient of a star in addition to the surface 
temperature. This circumstance helps to explain the probably small 
range of luminosity within each Mt. Wilson subdivision. Improvements 
in the method of classifying short and narrow objective-prism spectra of 
early type arc suggested. Author. 

2233. The Distribution of the Poles of 362 Spiral Nebula. C. C. L. 
Gregory. (Roy. Astron. See.. M.N. 84. pp. 456-467. April. 1924.) 

W. R. C. 

2234. The Parallax and the Orbital Motion of £ Ursa Majoris. C. L. 
Stearns. (Astron. J. 35. pp. 167-159. May 12. 1924.) 
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2235. Optica! Effects of Motion. P. Zeeman. (Nature, 113. pp. 838- 

839, June 7, 1924.)—Three optical effects of motion are at present known 
—astronomical aberration, the -Doppler effect, and the Fizeau effect. The 
Fizeau effect has been investigated with moving transparent solid sub¬ 
stances. The formula is different from Fizeau‘s, but the calculated and 
observed values of the interference fringes are # in excellent agreement. 
The observed shift of the interference bands is in perfect agreement with 
relativity mechanics. Tests are in progress as to the relativity relations 
of Doppler's effect. A. D. 

2236. Optical Resonance Reflection and Diffusion. E. Fermi. (Accad. 
Lincei, Atti, 33. i. pp. 90-93, Feb. 3. 1924.)—Mathematical treatment of 
R. W. Wood's resonance reflection and diffusion [see Abstract 1182 (1912)]. 
Best experimental conditions deduced from the general formula obtained. 

A. I). 


2237. Quantum Reflection and Refraction of Light. L. Brillouin. 
(Comptes Rcndus. 178. pp. 1096-1098, May 19. 1924.)—Pursuant to the 
theories developed by several authors [see Abstracts 20 (1923) and 570 
(1924)] of the explanation of a number of classical optical phenomena by 
the utilisation of the relationships of quanta and relativistic mechanics, a 
line of mathematical reasoning is followed which fits in with the classical 
laws of reflection and refraction. A - 


2238. The Isotropic Increase of the Refractive Index of Liquids in an 
Electric Field. Pauthenier. (Comptes Rendus. 178. pp. 1899-1904 
June 2. 1924.)—Experiments were made to determine the increase in 
refractive index of benzene and carbon tetrachloride when submitted to 
a uniform electrostatic field. The results, obtained by an interference 
method, show the existence of electrostriction equivalent to a condensati 
of the liquid in a uniform electric field ; the effect is of the order o . 
expected from calculations by Helmholtz and Pockels. 


2239. Mass Refraction of Ions and Molecules in the Light of the . 
Structure. K. Fajans and G. Joos. (Zeits. f. Physik. 23. 1-2. PP * * • 
1924 .)—A series of chemical and physical characteristics of inorga 
compounds can be coordinated when considered from the s,nglc 
of view that when more complicated systems are formed from s y 
elements the electron enclosures of the latter experience a change 
deformation. Especially simple is the case of free gaseous ions com « 
together to form molecules or crystal lattices. There may be 
deformation of the anion by the field of the positive charge of 
and this deformation, shown by easily established optical changes, p 
of the explanation of the behaviour of the salts formed in relation of 

lattice distances, lattice energy, liquidity, solubility and capabi y 
dissociation. At the basis of the various speculations lies the 
thesis, derived from the classical theory, and developed already Dy 
in his explanation of the van der Waal's forces, that the mass rei 
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(for infinitely long waves) affords a measure of the deformability of 
the electron enclosures. Starting from the proposition that in ions 
with similar structure of the electron enclosures (e.g. ions of the 
same perfect gas type) and of various charge the fixity of combination 
of the electrons must decrease with falling nucleus charge, and so 
the deformability must increase, there could be obtained from the mass 
refraction of the perfect gases and of the alkali-halogens in solution 
individual values of the refraction for alkali and halogen ions, and hence 
also for many other ions in solution. The values so obtained agree to a 
first approximation with those found by J. A. Wasastjerna on the basis 
of the hypothesis that for the hydrogen ion of the watery solution as an 
electron-free structure the refraction has a null value. Vet this assumption 
proves unfitted to serve as the starting-point of an exact valuation of 
the individual refractions of the ions. With complex systems (solutions, 
solid salts, complex ions, molecules) each deviation from the additive 
behaviour of the Lorenz-Lorentz refraction would be explained in the 
sense of a deformation of the electron enclosures of the components, and 
with analogous structures the change of the refraction would be looked 
upon as a measure of the deformation. It thus occurs that kations 
(H-nucleus, kations of perfect gas structure, and such as have eighteen 
external electrons) act on the water in solution, as also on the anions in 
solid salts, in the sense of a lessening of the refraction. The deformation 
is so much the greater the stronger the electrostatic field of the deforming 
kation; that is. the smaller and the more highly charged it is and the greater 
is the deformability (refraction) of the anion. The fact that on the solu¬ 
tion of salts there often occurs an increase of the refraction is explained 
in this way. that the refraction of the water through kations is less 
decreased than that of the many anions in solid salts. On the basis of 
optical observations the hypothesis is supported that the hydrogen nucleus 
in watery solution gathers itself up into a H 2 0-molecule with weakening 
of its refraction and formation of the complex kation H 3 0 + . The observa¬ 
tion brought forward by Prytz and Hlceckrodc that on the passage from 
the gaseous to the fluid state the Lorenz-Lorentz refraction in many 
cases is markedly lessened is explained in the sense of Debye’s theory of 
the van der Waal's forces as an indication of the opposite deformation 
of the electron enclosures of the neutral molecules. J. J. s. 

2240. Colours of Crystals of Chlorate of Potash. L. A. Ramdas. 
(Indian Assoc, for Cultivation of Science. Proc. 8. 4. pp. 231-242. 1923.) 

The presence of dust or other suspended or dissolved impurity is neces¬ 
sary in order that iridescent crystals may be obtained by the crystallisation 
of solutions of potassium chlorate. The following values of the refractive 
index of the crystals for different wave-lengths were determined : 
A8500 A.. 1 • 529 ; 5896. 1*631 ; 5000. 1 • 539 ; 4500, 1 • 544 ; 4000, 1 • 549. 
Spectro-photometTic measurements of the light reflected from the crystals 
confirmed Rayleigh's theory of the reflection of light by twinned crystal 
planes. • J. S. G. T. 

. 2241 ' The Colour of the Sea. Part 1J. W. Shoulejkin. (Phys. 
Rev. 23. pp. 744-751, June, 1924.) — Spectro-photometric observations of the 
inner diffused up from Polar seas were made, using a special instrument 
which enabled a direct comparison at various wave-lengths of the light 
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diffused vertically up from the sea with the direct light from the sun and 
sky. The curves obtained agree well with the formula derived in the 
previous paper. Measurements of the coefficient of diffusion made with the 
Secchi disk, by means of the author’s theory, agree with values of the 
coefficient a determined from laboratory data for the Indian Ocean (by 
Ramanathan) and for the pure water of the Sargass Sea (compared with 
a for distilled water according to data given by Martin). Recent papers 
by Raman and by Ramanathan, who consider exclusively molecular 
scattering, are discussed. When the intensity of the diffused inner light 
is small, the colour of the sea depends almost entirely upon'light reflected 
from the sky. • - 

The coefficient of reflection of a leaf of laminaria from the bottom of 
Warneck Bay varies with wave-length very closely in proportion to the 
reciprocal of the intensity of the illumination at that depth computed 
from spectrophotometric data. In the case of Mediterranean coral from 
a depth of about 70 metres, good agreement was also found up to 0-59 \l, 
above which the illumination is extremely weak. [Sec Abstract 242 
(1924).] Author. 

2242. Colours of Colloids in Relation to the Size of the Dispersed Particles. 
B. Ray. (Indian Assoc, for Cultivation of Science, Proc. 8. 3. pp. 221-230, 
1923.)—The gradual changes of colour of the light transmitted through 
colloidal solutions with increase in the size of the particles, the colours 
of " metal glasses,” and the axial colours seen through droplets of water, 
alcohol, etc., are theoretically considered. It is argued that the intensity 
of the transmitted light is determined by (1) the decrease in area, and 
consequently also of the resultant effect of the undisturbed portion of 
the wave-front ; and (2) the interference with this light of the light scat¬ 
tered in the direction of the primary wave by the particles lying in the 
wave-front; and from these considerations a formula is obtained, involving 
the amplitude and phase of the secondary waves, which is in agreement 
with the colour development and the oscillatory character of the intensity 
observed in experiment. 

2243. Scattering of Light by Smoky Quartz. N. K. Sur. (Indian 

Assoc, for Cultivation of Science, Proc. 8. 4. pp. 271-275, 1923.) Pro 
an experimental study of the relationship between the ratio of 
intensities of the incident and transmitted light and the wave-length o 
the transmitted light it is concluded that the opacity of smoky quartz 
is not wholly due to scattering, but that there is some real absorption also. 
This is confirmed by a comparison of the ratios of the intensities of t e 
scattered radiation from smoky quartz and a sulphur suspension and t e 
respective absorption coefficients. A .' 

2244. Optical Properties of Turbid Media. Margarete Weiier. 
(Ann. d. Physik. 74. 4. pp. 347-361. June. 1924.)-Colloidal solutions £ 
mastic in distilled water are shown to be turbid media in the sens ®. ox 
Ravleigh theory, and the laws established for the extinction of WJ*’ 
atmospheric air are found to be valid for such emulsions also. D«j“ 
and Uibe’s law. s ocVH; giving the relation between the brightness p 
the sky H, and the distance, s. at which a light source just ceases 
perceptible, is true for other turbid media in so far as the Rayleigh co 
tions are satisfied, and a similar relation holds between br, ^tnej* _ 
the distance at which an object of given tone just becomes inaisnngu 
able from its surroundings. If a real absorption comes in, or 
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particles are too large, circumstances excluded by the Rayleigh theory, 
then these laws are no longer true. G. A. S. 

2245. A Reference System for Primary Aberrations . T. Smith. 
(Optical Soc., Trans. 25. 3. pp. 130-134, 1923-1924.)—All the primary 
aberrations are fully known when the state of correction for all points 
on the axis is given. The condition in which the whole length of the 
axis is free from aberrations is suggested as a standard of reference for 
general investigations, the departures from which in the cases normally 
required are functions of the positions of the object, the stop, and the 
focal length only. The inevitable departures from the standard in the 
case of a thin lens and of a system of two separated thin lenses for first 
order aberrations are considered and shown to affect the curvature terms. 
In general the distinctions between the new reference system and that 
in which an inverted image equal to the object and a stop in a unit surface 
arc adopted are confined to the symmetrical aberration terms. Author. 

2246. The Determination of Aberrations, as expressed in Geometrical 
Optics, from the Indications of the Htiger Interferometer. J. W. Perry. 
(Optical Soc., Trans. 25. 3. pp. 97-104; Disc.. 105-106, 1923-1924.)— 
The paper describes and illustrates methods of deriving from the indications 
of the Hilgcr lens-testing interferometer quantitative expressions for the 
aberrational defects of a lens system, in terms of the departure from ideally 
perfect focal ray-union, as measured longitudinally at the focal plane 
and as obtained in the course of computation of an objective. Author. 

2247. A New Form of Corneal Microscope with Combined Slit Lamp 

Illuminating Device. E. F. Flncham. (Optical Soc., Trans. 25. 3. 
pp. 113-118; Disc., 118-122, 1923-1924.)—For the clinical examination 
of the cornea and anterior portions of the interior of the living eye—a 
procedure often necessary—a specially mounted microscope, monocular 
or binocular, is used in conjunction with a so-called slit lamp. In the 
apparatus as used at present two instruments are separately mounted 
and must be adjusted independently. This paper, which is the outcome 
of some experiments made in the Department of Applied Optics of the 
Northampton Polytechnic Institute. London, upon the microscopic 
examination of the living eye, describes a combined instrument in which 
the adjustment is common to both the microscope and the lamp, thus 
greatly facilitating the observation. Author. 

2248. The Choice of Wave-lengths for Achromatism in Telescopes. 
J. W. Gifford. (Optical Soc., Trans. 25. 3. pp. 123-127 ; Disc., 127-129, 
1923-1924.)—In correcting a combination of two glasses for chromatism, 
focal lengths for two colours of the spectrum are made equal. The out¬ 
standing error for other such colours is called the secondary spectrum. 
This paper has been written for the purpose of determining the effect on 
the secondary spectrum of varying the two colours chosen. These effects, 
calculated by trigonometrical trace, are illustrated by graphs and tables. 

Author. 

2249. The Waetzmann Interference Method of Investigation of Optical 
Systems. E. Bratke. (Zcits. f. Physik, 23. 3-4. pp. 239-257, 1924.)— 
This is the second part of a paper on Waetzmann's method [Abstract 1144 
(1924)], and in it the question is investigated whether the method can be 
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applied to quantitative measurements. First the theory of the interfer¬ 
ence phenomenon lying at the base of the method is given. With this 
theory are carried out calculations of interference curves, and the latter 
compared with experiment whereby full agreement is attained. Next it 
is shown that under certain definite conditions which must be fulfilled it 
is possible to determine the spherical and chromatic aberration of a system 
by working backwards from the observed interference curves. J. J. S. 

2250. Use of the Lummer Plate. G. Hansen. (Zeits. wiss. Phot. 
23. pp. 17-29, June. 1924.)—Several points are indicated to which atten¬ 
tion must be paid if the most is to be made of the serviceability of the 
Lummcr plate. The temperature must be carefully kept constant, and 
the direction of polarisation of the light which is admitted to the plate 
must be parallel to the plane of incidence. Two methods of working out 
the results are compared, and a numerical method of interpolation is 
described, the degree of accuracy attainable by it being examined. 

G. A. S. 

2251. Colours of Mixed Plates. K. S. Rao. (Indian Assoc, for 
Cultivation of Science, Proc. 8. 4. pp. 243-253, 1923.)—The intensity 
distribution of the halo exhibited by the mixed plate is studied and 
explained, and the position of the achromatic ring determined. The 
phenomenon observed in the case of dry films is shown by quantitative 
measurements to belong to the class of Newton’s diffusion rings. 

G. A. S. 

2252. Calculations concerning Prism Objectives, with Examples of their 
Application. H. Cranz. (Zeits. Instrumentcnk, 44. pp. 237-260, June, 
1924.)—The present investigation has been demanded by the increasing 
employment of total reflecting prisms in telescopes for the purpose of 
reducing their length through the zig-zag path of light in the prism and 
for the complete and efficient reversal of the image. If such a prism be 
inserted between objective and ocular, its terminal surfaces must be 
perpendicular to the optic axis, otherwise astigmatic disturbance will 
arise. A disadvantage of the installation, particularly apparent for 
strong magnifications, is that the prism acts as a thick plane parallel 
plate, and the focus of the object is displaced thereby without the focal 
distance of the objective being altered, and the displacement varies for 
each colour. Harting's work on the correction of this fault is mentioned. 

A further drawback is the unavoidable loss of light at each refracting 
surface. Two fitting spherical surfaces act as one when a suitable refracting 
cement is used, and this method is now adopted for combining prism and 
objective, the plane end surfaces being replaced by suitable spherical ones. 
The two objective lenses can thus be separated by the prism, and so a 
double-cemented combination is obtained consisting of two thin lenses 
and a very thick central one. Investigation is then made of the curvatures 
which the four spherical surfaces must possess in order that the focal 
distance F and the distance of the focus from the rear prism vertical tf 
shall remain constant for different colours. § 1 develops io 

the passage of light through four spherical surfaces of finite distance 
apart and two varieties of glass ; § 2 deals with the ray path iii the prism 
objective ; § 3 with the limits of the field of vision in the prism objective , 

§ 4 with data for two serviceable kinds of glass ; § 5 with special cases ; 
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§ 6 with examples of prism objectives without rear lenses ; § 7 with the 
case F > B -fwhere / is the path ; § 8 examines case of F < B ; and 
§ 9 special case of F = B; § 10 applies an approximation method for 
consideration of the thick lens; and §11 assembles the formula? for 
trigonometrical calculation. The paper is mathematical throughout. 

H. H. Ho. 

2253. Grating Fringes. V. Ronchi. (Accad. Lincei, Atti, 33. i. 

pp. 23-28, Jan. 13, 1924.)—Discussion of combination-fringes from 
ex-centred gratings, which in the study of optical surfaces and systems 
are found to be much more sensitive than parallel gratings. A. D. 

2254. Diffraction Image of Two Close Luminous Lines of Finite Width. 

B. E. Mourashkinsky. (Phil. Mag. 47. pp. 1105-1120. June. 1924.) 
—The case of one line of finite width is dealt with first, and formula; are 
derived from which the intensity of the light at points in the geometric 
shadow can be calculated. These calculations are carried out for various 
slit widths, and the results given in tables. For narrow lines the position 
of the maxima and minima of illumination are shown. Above a certain 
width there are no sensible maxima and minima. The case is then extended 
to two lines, tables again being given, one table showing the absolute 
limits of resolution of the lines. Broader lines arc resolved at less distances 
between the edges. Finally, the application of the results to the problem 
of the resolution of two close luminous lines of finite width by an object 
glass is discussed. A. A. D. 

2255. On Stationary Light Waves at a Great Distance from Reflecting 

Surfaces. K. Lelstner. (Ann. d. Physik, 74. 4. pp. 325-346, June, 
1924 )^-The paper commences with an historical vfsumi of the subject, 
the work of Wiener, Drude, Nernst, Darn, Cotton and Sekrnyi [see 
Abstract 1674 (1911)] being briefly mentioned.. It is now shown possible 
to produce and establish the formation of stationary light waves when 
the necessary light rays of opposed directions of propagation have travelled 
a path of about 24 cm. long. Experimental details arc very fully given. 
The opposed wave trains were so obtained that a light pencil was divided 
into two parts by a semi-permeable silver layer. By this means the 
reflecting mirror of previous experiments was avoided, and the stationary 
light waves more conveniently observed. Experimental difficulties and 
the means for their solution are adequately discussed. It was found that 
the interference refractor arrangement could be employed, this possessing 
a high sensitivity for measurements of length. The proof of the existence 
of stationary light waves was afforded by various means, e.g. scattering 
by ultramicroscopic particles and chemical photographic effect on a 
silver chloride collodion film. The same light vector was found for the 
maximum effects in both phenomena. The effects of stationary waves 
simultaneous with ordinary interference phenomena were rendered visible 
together. Analogous to the known experiments of Wiener on the vibra¬ 
tional direction of polarised light, the light movement was investigated 
by means of thin scattering layers, which produce two perpendicular 
polarised light pencils. Full agreement was found with the observations 
of Wiener and Scldnyi. H. H. Ho. 

2256. The Colours Produced by Rotation of the Plane of Polarisation 
in a Quartz Plate Ground Perpendicular to the Axis. C. Pulfrich. (Zeits. 
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Instrumentenk, 44. pp. 261-270, June. 1924.)—The author has found in. 
a number of manuals dealing with crystallography and physics that an 
explanation is given for colours which are not present when a quartz 
plate, ground perpendicular to the axis, is placed between two Nicols, 
while the colours which actually arise are practically unmentioned. The 
present paper seeks to remedy this defect, and supplies such a detailed 
examination of the problem, illustrated with eleven diagrams. The paper 
should be consulted in its entirety. H. H. Ho. 


2257. Depolarisation of Light by Suspensions. O. Groll. (Phys. 
Zeits. 25. pp. 233-238. May 15. 1924.)—Procopiu has shown that if a 
suspension be interposed between crossed Nicols a brightening of the 
field of view is noticed which is incapable of complete extinction by the 
rotation of the analyser. This indicates partial depolarisation of the 
light, and a method is described by which the degree of depolarisation 
can be measured. The results of experiments with crystalline and non¬ 
crystalline suspensions show that double refraction must be an important 
factor in the explanation of depolarisation. If sin-a is the fractional 
intensity of ordinary light in the transmitted beam, a is found to be 
proportional to the concentration for a given suspension and proportional 
to the thickness of the layer for a given concentration. With increasing 
size of particles a diminishes. When the liquid and the particles have 
relative refractive indices which encourage total reflection at the individual 
particles a is reduced. The wave-length of the incident light also influences 
the phenomenon. 

The suspensions examined by Procopiu are investigated, and figures 
are also given for a number of new substances, including gelatine and 
celluloid under different conditions, and vanadium pentoxide solution of 
various concentrations. In the latter case the degree of depolarisation 
is found to increase with the age of the solution, most markedly so when 
the concentration is small. * 


2258. Depolarisation of Light by Suspensions. W. Koenig. (Phy*- 
Zeits. 25. pp. 238-239. May 15, 1924.) [Notes on the work of O. Groll. 
see preceding Abstract].—The law. a oc thickness, found by Groll, is not 
what simple theory would lead one to expect. Experiments undertaken 
by Seip specially to test this point show that the theory is nearly followed 
for weak concentrations, but as the concentration increases the law more 
nearly approaches that found by Groll. This can be explained if account 
be taken in the theory of the increased depolarisation that takes place 
with increasing concentration. These considerations seem to contradict 
the view that a varies as the number of particles met, and one would noc 
expect the relation a « concentration to be true either. Further experi¬ 
ments by Seip. however, confirm this law over a wide range of co £ ce £ g 
tions. 


2259. Origin of the Anomalous Rotatory Dispersion of Tartaric Acid 
T M Lowrv and P. C. Austin. (Comptes Rendus, 178. pp. 190*-iw * 
We 2 1924.)—The anomalous rotatory dispersion of tartanc; acl ^ 
attributed by Arndtsen in 1858 to the superposition of the op^^onnal 
rotation of two forms of the acid, which have recently been descnbUL Y 
Longchambon [Abstract 1441 (1924)] as a and 0 tartanc -.mad . Long 
chambon's view that the lsevorotatory a form of the acid is idenb 
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with that which exists in the crystals (which give a normal lxvorotation) 
is accepted ; it is. however, urged that dilution with a large excess of 
water does not give the pure /2-acid, but a dextrorotatory equilibrium- 
mixture of the a and /? acids. This opinion is based on the fact that the 
anomalies are not removed by dilution, although they disappear completely 
in presence of boric acid or when the acid is converted into tartar emetic, 
KSC0(C 4 H 4 0 6 ). t - m - l - 

2260. Photography in Science. Industry and Medicine. T. T. Baker. 
(Roy. Soc. Arts. J. 72. pp. 495-504 ; Disc.. 504-505. June 13. 1924.) 

2261. Law of the Decrease of Fluorescing Power as a Function of the 
Concentration. F. Perrin. (Comptes Rendus. 178. pp. 1978-1980. 
June 10, 1924.)—The solution under examination is in a fairly deep vessel, 
and the exciting light falls normally upon the surface. The fluorescent 
light is observed through a screen which is opaque to the exciting beam, so 
as to avoid parasitic effects. The relative intensities of the incident and 
fluorescent light are measured for different concentrations. The concen¬ 
trations yielding the maximum ratio are given for seven typical materials. 
It is shown by argument based upon probability that !• =» I ? o r_ic • where 
F is the flourescing power for a given concentration, c and 7 : 0 is the limit 
to which the fluorescing power approaches as e tends to zero. Considering 
a thin layer of solution, the total fluorescence will be proportional to 

ce~ kt , and will thus be a maximum for the concentration c m ™ Thus. 

finally, F Fq* -«/<-*. This exponential law is well satisfied by the 
measurements, which cover a wide range of concentrations. A. A. D. 

2262. Fluorescence of Didymium in Glass. N. C. Krishnaiyar. 

(Indian Assoc, for Cultivation of Science. Proc. 8. 3. pp. 217-219, 1923.) 
—When white light traverses didymium glass at ordinary temperatures, 
the track exhibits bright red flourescencc resolved by the spectroscope 
into four bands of wave-lengths 475-504. 548-560, 588-612 and 622-645 fx/x. 
Some observations on the state of polarisation of the fluorescent light 
arc recorded. W. V. M. 

2263. Polarisation of Fluorescence of Dye-stuffs. E. Gaviola anti 
P. Pringsheim. (Zeits. f. Physik. 24. 1. pp. 24-36. 1924.)—Method of 
measurement of the degree of polarisation of a beam of light by means of 
a compensating pile of glass plates. Examination of the fluorescent light 
from glycerine solutions of dye-stuffs under the incidence of plane polarised 
light; the degree of polarisation depends greatly on the concentration. When 
the polarisation is strong, the correction for multiple reflection increases 
rapidly with the degree of polarisation. In viscous solutions the degree 
of polarisation is practically zero for concentrated solutions, and approaches 
a constant value as the concentration diminishes, which constant value 
depends upon the viscosity. In anhydrous glycerine 45 per cent, of the 

’ light may be polarised ; in aqueous solutions at low temperatures, though 
the viscosity may be much greater, there are no such high figures observed. 
The depolarisation at high concentrations may be traced, not to re-absorp¬ 
tion by the solution (as in resonance-radiation of gases), but to disturbances 
•of closely neighbouring molecules. A. D. 
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2264. Optical Properties of Fluorescent Rhodamih B. A. Po^itsky. 
(I-rank. Inst.. J. 197. pp. 527-539. April. 1924.)—The absorption coefficient 
of rhodamin B solutions as a function of thickness and concentration was 
investigated, a Lummer-Brodhun spectrophotometer being used. The 
dependence of fluorescence upon previous exposure to heat and light was 
also examined, and the metallic reflection of a film of rhodamin as a func¬ 
tion of wave-length was investigated. It was found that the value of 
the coefficient of absorption for any wave-length is the same, whether the 
transmitted light is monochromatic or comes from a continuous spectrum 
source. Rhodamin strictly obeys Lamberts law. Within the observed 
limits there was direct proportionality between concentration and 
absorption. \\ ith increase in concentration the maximum of the energy 
distribution of the fluorescent band shifted from A = 567 mfx to A = 583 w/x. 
Further increase in concentration had no effect. Heat and intense light 
caused a shift of the maximum of the fluorescent intensity from 573 mfi 
towards 564 mp.. I he absorption band of a dr}' rhodamin film is situated 
in the same part of the spectrum as the solution from which it comes, 
but, unlike the solution, it possesses an intense metallic reflection. J. J. S. 

2265. Polarised Fluorescence Light. A. Carrelli. (Accad. Lincei, 

Atti, 33. i. pp. 21-23, Jan. 13, 1924.)—Results confirmed of Weigert and 
Schmidt (Phys. Zeits. 23. pp. 232-233, 1922) as regards the influence of 
the solvent on the polarisation of the light emitted on fluorescence of a 
solution. The light starts as polarised light from the particle impinged 
upon, and the polarisation docs not depend upon any dichroism of the 
solution or upon any phenomenon of luminous diffusion. A. D. 

2266. Fluorescence of the Alcaloids. E. Bayle and R. Fabre. 
(Comptes Rendus, 178. pp. 2181-2183. June 23, 1924.) 

2267. The Radiation from Combustible Cases and its Practical Dotef- 

mination. A. Schack. (Zeits. techn. Physik, 5. 6. pp. 267-278, 1924.) 
—Experimental results show that the radiation from certain gaseous 
bodies approximately increases with the temperature in accordance with 
Planck’s radiation law. A method is devised for the estimation of the 
radiation from gaseous bodies. With the help of known measurements 
of the absorption spectra and the total absorption of carbon dioxide and' 
water vapour, formula are deduced for absorption. From these approxi¬ 
mate formula are derived for the calculation of the radiation from gaseous 
bodies containing carbon dioxide and aqueous vapour. S- G. B. 

2268. Spectrophotometric Definition of Colours of Fluorescence.. H- 

George and E. Bayle. (Comptes Rendus, 178. pp. 1895-1897,; June 2. 
1924.)—A large number of bodies show considerable fluorescence when 
exposed to the ultra-violet radiation of a mercury arc, and in order to 
define the fluorescent radiation completely it is necessary to give for each 
substance, a measure of the intensity of the light emitted under^given 
conditions of excitation and to define the colour of this light,,, The authors 
propose to define the observed fluorescence by drawing a curve of the 
distribution of intensity in the normal spectrum (the light -of, the sun 
being taken as a standard), and the intensities being referred 4 p.the sensa¬ 
tion which they produce in the human eye. . .. */<• : 

The fluorescent spectrum is studied with the aid of a spectrophotometer, 
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thus obtaining a curve (1) giving for each value of A the ratio of the inten¬ 
sity of the fluorescent light to the intensity of white light taken as standard. 
By convention, all the radiations composing white light have unit intensity, 
and hence white light is represented by a straight line parallel to the axis 
of A. Thus curve (1) gives at each point # the intensity of the fluorescent 
radiation. The curve is now drawn showing the sensitiveness of the 
human eye as a function of A. and by multiplication of each ordinate 
with that of curve (1) for the same A a third curve is obtained having 
the required properties. The area below this curve is evidently propor¬ 
tional to the total luminous intensity. .. W. V. M. 

2269. Series-Spectra . G. Wentzel. (Phvs. Zeits. 25. pp. 182-183, 

April 15, 1924.)—In previous work [Abstract 275 (1924)] the author had 
concluded that the series nip', nut' in alkaline-earth metals must, if they 
existed, be different from the series nip, md. At the time he knew only 
twp />' terms and one d' term, and it was doubtful whether the two f> 
terms belonged to the same scries. Meantime A. del Campo ( Trabajos 
del Laboratorio Fisico, No. 08. Madrid, 1923, schema [3], p. 43) has found 
a third group, pp\ which appears to belong in series to the two Gotze 
groups pp'. Simultaneous jumps of both series electrons are not uncommon. 
Various data can be reconciled l»y assuming that when 2(N) electrons 
jump, A h (h being the azimuthal quantum) must on the average be unity 
for each electron, so that together A* - 2(N) ; for Ca. A/< = 2 + 0; 
for Nc. AA =* 1 + 1. From this point of view, the second valency-electron 
might be in a path 4 2 instead of 3 S ; we might then have />". d" terms, 
representing jumps from the 4 2 path to the 4, or the 3 3 . The author is 
disposed to consider the 3/>' Ca term of the Paschen-G6tzc tables (Serial- 
gesetze der Linienspektrcn. Berlin. 1922, pp. 75-76) as a 2 p’ term, with 
both valency-electrons in the 4 2 orbit ; and one of del Campo’s scries of 
lines (A ■ 6600 A.) as a combination 2 p — 3 d". D. 

2270. Light Radiation and Total Radiation of Wolfram . E. Lax and 
M. Pi rani. (Zeits. f. Physik, 22. 5. pp. 275-285. J 924.)—When it is 
possible to determine experimentally the emission capacity of a substance 
with sufficient accuracy for all temperatures and wave-lengths which arc 
to be considered, then the connection between the amount of light radiated 
outwards from it per unit surface (in Hefner candles) on the one hand, 
the total energy (in watts) on the other hand, and the temperature can 
be established ; that is, the magnitudes HKq l(mm) 2 and W/(mm) 2 are, 
when conditions remain the same, definite functions of the temperature, 
just as the magnitude W/HK 0 (into which the magnitude of the surface 
area does not enter), which is called "specific consumption” in the 
technical phraseology relating to glow-lamps for the particular tempera¬ 
ture of the luminous body. Once these connections are established for 3, 
material under determined conditions (e.g. for vacuum), then glow-lamps 
under definite arrangements can be made use of as temperature norms 
in which are measured at the same time their light power and energy. 
The manifold applicability of this simple method of temperature determina¬ 
tion has led to maqy investigations based upon it, and the authors in t this 
paper deal with the material wolfram, and have investigated the connec¬ 
tion between HK 0 /(mm) 2 . W/(mm) 2 , W/HK 0 , and black and true tempera¬ 
tures. In a table the connection between these various magnitudes is 
exhibited in the red and green region of the spectrtim. The connection 
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between HK 0 /(»im 2 ) and the true temperature agrees well with the result 
obtained by Fosythe in 1923. Comparison is also made with the values 
obtained by Worthing and Hyde. Curves are given in a diagram which 
show the relation between W/HK 0 and the temperature for a lamp with 
wolfram wire with large crystals. 

[Note. —The quantity W/HK„ is denoted by 0 080 W/HI m and 
0-088 W/Iw in American units.] j. j. s. 

2271. The Origin of the First and Second Positive Groups of the Band 
Spectrum of Nitrogen. M. Duffieux. (Comptes Rend us, 178. pp. 1966- 
1968, June 10, 1924.)—It had been shown previously [Abstract 1176 
(1924)] that the first positive group is emitted by the molecule and the 
second positive group by the atom. This result is in accord with the 
work of Fowler and Strutt [see Abstract 1339 (1911)]. In order to confirm 
these results atomic nitrogen is obtained in an electric discharge through 
NO and N0 2 . the spectrum being examined as the gas flowed down the 
discharge tube. 

The evolution of the spectra emitted by the gas and the position ot 
the first and second positive groups are, in both cases, perfectly in accord 
with their supposed origin in the molecule and atom of nitrogen respectively. 
The dissociation of the oxides at their entry producing atomic nitrogen, 
the spectrum of this dissociating gas only contains atomic bands to the 
exclusion of those belonging to molecules. The latter appear on the 
recombination of the atoms. The case of nitrogen peroxide, whose 
dissociation is accompanied by an intense atomic emission, appears to 
show that the breaking up of the molecule and the return of the atom 
to its atomic equilibrium as an isolated unit, are in this case the effective 
cause of the emission of the second positive group. W. V. M. 

2272. The Spectrum of Mercury below the Ionization Potential. J. A. 

Eldridge. (Phys. Rev. 23. pp. 685-692, June. 1924.)—When mercury 
vapour is bombarded by electrons of energy below the ionising potential 
10-4 volts, previous spectroscopic investigation has detected the emission 
of only the lines IS — 2/> 2 and IS — 2P, whereas according to the Bohr 
theory, there are many other lines which correspond to changes of orbit 
involving less energy change than 10-4 volts, which should be emitted 
line by line as the impacting energy is increased so as to be sufficient to 
take the electrons to the proper orbits. The failure to observe these lines 
is now shown to be due to the effect of space charge in lowering the energy 
of the impacting electrons except at the immediate surface of the anode, 
and by focussing light from the surface of the anode on to the slit of a 
quartz spectrograph, spectrograms have been secured showing the develop¬ 
ment of the spectrum of mercury in the stages predicted by the theory 
and at approximately the theoretical voltages. At 7 volts only IS — 2p% 
appears ; at 8-4 volts four new lines due to electrons returning from the 
2S or 2s levels, at 8 • 9 volts eight new lines due to electrons returning from 
the 3 d x , 3 d 2 , 3 d 3 . 3D levels ; at 9 -9 volts sixteen more lines, etc., in full 
agreement with the theory and with the photoelectric experiments of 
Franck and Einsporn. >' Author. 

- 2273. New Spectra Emitted by a Neutral Atom of Lithium. M.Morand. 
(Comptes Rendus, 178. pp. 1897-1899. June 2, 1924.)—To the previously 
determined lines of the spectrum of neutral lithium [see Abstract 2090 
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( 1924 )] must be added AA4256. 4244, 4187. 4066, 4053, 3841, 3818, 3756, 
3653, 2808, 2525. The lines 5488. 4244. 3841, 3652 form a series in which 
the difference of the wave numbers of consecutive terms is nearly equal 
to that which exists between the terms of the diffuse series of the arc 
spectrum of lithium. The constant R has the same value, but " d " is 
different. The formula (2 p - md). representing the two series, differ in 
the values of 2 p.- If the series 2 p — ms is considered, 4814, 4053 and 
3756 are the second, third and fourth lines. 

The author considers that these additional results are in agreement 
with his previous supposition that two forms of lithium (para- and ortho-) 
exist, para-lithium emitting the ordinary spectrum and ortho-lithium 
emitting a slightly different one. The " levels '* of ortho-lithium corre¬ 
spond to smaller energies than the levels of para-lithium, and it is supposed 
that the two circulating electrons are nearer together in para-lithium 
(where they exist in two one-quantum orbits), and much farther apart 
in ortho-lithium (one orbit being a one-quantum orbit and the other a 
two-quantum orbit). It is thought that the two K electrons in atoms of 
higher atomic weights will show similar variations, and hence it may be 
possible to explain certain K lines observed in the X-ray spectra of heavy 
elements. W. V. M. 


2274. Structure of the Second Positive Band of Xitropcn. R. Mecke 
and P. Lindau. (Phys. Zeits. 25. pp. 277-278. June 1, 1924.)—In each of 
nine bands out of a total of forty-four 200-250 lines have been measured 
by Lindau and the results analysed by the authors. Each band is com¬ 
posed of two sets of three branches, called Pj, P 2 . P 3 and R,. I< 2 , 1*3 
respectively. The R| and P, branches are doublets; where these arc 
not resolved, they fade off on the side of the component of least intensity. 
The R 2 and P 2 terms are simple, and each alternate line is displaced. 
The R 3 and P 3 terms are also single, but are not displaced. The relations 

R<(m) = F,(m) - f(m - 1) t 
P t (m) - Ftf(fn) - Mm + 1) 

are used, where i = 1, 2, 3 . . This leads to a consistent scheme for all 

the bands. A. C. M. 


2275. Pole-effects and Pressure-shifts in the Lines of the Spectra of 
Zinc and Calcium. R. E. Harris. (Astrophys. J. 59. pp. 261-273, June, 
1924.)—A 21-foot concave grating with Rowland mounting was employed, 
and the photographs were made in the second-order spectrum, where the 
dispersion was 1-32 A. per millimetre. The description of apparatus is 
accompanied by detailed diagrams. 

The Pole-effects and Pressure-shifts of the Series Lines of Calcium and 
of Calcium Chloride. —In all series both types of shift were found to be 
proportional to a power of the frequency. The pole-effect differed in 
the two sources, being greater at the positive pole in calcium and greater 
at the negative pole in calcium chloride. 

The Pole-effect in Zinc Lines from Zinc, Brass and Zinc Chloride .— 
A difference in the pole-effect in the zinc lines due to different sources, 
zinc and zinc chloride, similar to the difference for the metal and salt of 
calcium, was found. The pole-effect at the positive pole of the brass 
source changed greatly with changes in the current. The shifts due to 
pole-effect and pressure were similar. Shifts of the series lines were found 
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to vary also with the frequency. Tables of the pole-effects for the zinc 
lines are given. Author. 

2276. The Emission Spectrum of Organic Compounds. W. H. 
McVlcker, J. K. Marsh and A. W. Stewart. (Am. Chem. Soc!, J. 46. 
pp. 1351-1358, June, 1924.)—Owing to the disruptive effect of the ordinary 
spark discharge upon the vapours of organic compounds, it has hitherto 
been impossible to obtain characteristic emission spectra from the majority 
of carbon derivatives ; for as a rule only the spectra of carbon, its oxides, 
or cyanogen are observed, which result from the decomposition of the 
compound under examination. The authors [see Abstract 1382 (1923)], 
however, showed that it is possible to obtain a scries of well-marked 
emission spectra by the use of a Tesla transformer and a quartz spectro¬ 
graph. 

An examination has been made of the Tesla-luminescence spectra of 
a number of organic compounds belonging to various classes, and it has 
been shown that, while each compound yields its own characteristic spec¬ 
trum, the members of a given class show a general resemblance in the 
spectra which they emit. It has been found that slight changes in struc¬ 
ture make their influence felt in the Tesla-luminescence spectra. A study 
of some heterocyclic compounds indicates that while furfurole, thiophene, 
pyrrole and pyridine emit no characteristic spectra of their own, the 
pyridine nucleus exerts a very marked influence when it is fused with a 
benzene ring, as in quinoline ; the reduction of the pyridine structure 
produces a marked alteration in the spectrum of the compound. 

W. V. M. 


2277. The Stark Effect in Hydrogen and Helium in Fields up to 
38 kv./cm. . J. S. Foster. (Phys. Rev. 23. pp. (507-684, June, 1924.)—The 
lo Surdo method was improved by using a rotating cathode to minimise 
pitting. A three-prism glass spectrograph and a Hilger quartz spectro¬ 
graph E x were used. Enlargements of the spectrograms for H y and for 
six He lines are given. (1) Hydrogen Balmer Lines. —At fields below 
3 kv./cm. the red side of each line is more diffuse than the violet side, 
in agreement with Kramers' theory of the connection between the Stark 
effect components and the fine structure components. For fields above 
6 kv./cm. ten p components of H y are symmetrically arranged, the ratios 
of AA to field coming out ± (0 -230, 0-191,0 -163. 0 -066, 0 -026) A/kv./cra. 
Changes in the relative intensities of components of and of H* with 
increasing field are noted, and the observed relative intensities of H, are 
found to agree fairly well with Kramers’ theoretical predictions. -(2) Ifat- 
helium Lines. —Measurements at five-field strengths are given for the 
groups near the D lines 4388, 4144, 4009, and near A3614, including some 
new components. The number of lines in each group increases with the 
order. Combination series of the type 2P — mQ, 2S — mQ (Q =» s / 

B, E, F . . . ; M = 4, 6, 6 . ..) are suggested which include these lines and 
also the components of Stark’s -'diffuse principal" series, and which 
fit into the scheme proposed by Tschulanowsky. The variable behaviour 
of lines near A4388 in low fields is noted, and observations are given for 
the A3927 group. As a rule the Stark effect pattern .is constant for the 
members of each series, but varies with the series. ’ Many components 
vanish with increasing field. (3) Ortho-helixm £.»n>i.-r-MeasurementS)axe 
given for groups A3820 and A3705 and observations fofc-A4026.;- 
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2278. The Absorption Coefficients of Homogeneous X-Rays between 
Wave-lengths 01 A. and 0-71 A. S. J. M. Allen. (Phys. Rev. 24- 
pp. 1-8, July, 1924.)—Using the general radiation from a tungsten target, 
dispersed by reflection from a crystal, the total mass absorption in fourteen 
elements of atomic number 6 to 83 (C, Mg, Al, S, he, Ni, Zn, Ag, Sn, W, 
Pt, Au, Pb and Bi) was determined for various wave-lengths from 
0-10 A. to 0 -51 A. by the ordinary ionisation measurements. The K. and 

radiation from a Mo target was used to give values for wave-lengths 
0-63 A. and 0-71 A. Very good agreement was found with the results 
of Richtmyer and Duane wherever these are comparable. For the 
elements from C(6) to W(74) the results are represented within a few 
per cent, by the formula p/p = rip + a/p = CA 2 ^N 2 92 -f a/p, where 
C = 7 • 82(10) “ 3 for the K absorption and 1-00(10)- 3 for the L absorption 
and the scattering coefficient a/p is assumed to increase with N from 0 -144 
for Al to 0-50 for W at 012 A., and also with the wave-length. The 
jump in the value of the fluorescent absorption coefficient r/p from L 
to K absorption is the ratio of Ck to Cl. or 7-8. The atomic absorption 
Ta = 2 18(10)- 2C A 202 X4 (Bragg-Owens law). For the heavier elements 
Pt, Au, Pb and Bi the values of C K get progressively lower to 4 -7(10) — 3 , 
and those of C L increasingly higher to 1 -12( 10) “ 3 , the ratio or jump 
decreasing to 41 for Bi. Author. 

2279. The K and L Absorption and Emission Spectra of Tungsten. 
C. B. Crofutt. (Phys. Rev. 24. pp. 9-15, July. 1924.)—Both the absorp¬ 
tion and emission spectra were photographed simultaneously on the same 
plate, using a special float-operated mechanism to turn the crystal very 
slowly so as to obtain the faint lines between /3 2 and ft- absorption 

wave-lengths were found to be: LAj, 1-2122 A; LA 2 , 1-07 IGA; LA 3 . 
1-0217A; KA, 0-17802A. The emission wave-lengths of 28 L emission 
lines are given, including the four new lines jSjj (1-2432), (1-21GG), 

y 12 (1-0748) and n (1-0099), and of the Kft line (0-18526). which is the 
line found by de Broglie. • Comparison with the Bohr Theory. —The agree¬ 
ment of the emission frequencies computed from the energy levels with 
the measured wave-lengths is better than 1/10 per cent., except for ft & 
and ft 0 . The lines ft 0 . ft. y 12 and y n . however, correspond to transi¬ 
tions between energy levels which arc not predicted by the selection 
principle, and lines ft and n are not in agreement with the accepted energy 
levels. While Ln may be due to an impurity, ft is probably a tungsten 
line. Author. 


RADIO-ACTIVITY. 

• 2280. The Estimation of Radium. Mesothorium and Radiothorium in 
a Mixture by Means of y-Rays. -W. Bothe. (Zeits. f. Phvsik, 24. 1. 
pp. 10-19, 1924. From the Reichsanstalt.)—The method employed, 
which takes advantage of the different coefficients of absorption of the 
y-rays of these elements when sent through a lead filter, has been used 
by Hahn, who employed filters up to 4-6 cm. thick. The author has 
improved the experimental conditions by employing a series of much 
•thicker filters and a very sensitive measuring device, with which the 
y-rays penetrating through them can be measured. A series of four 
concentric lead cylinders was made use of, in the common axis of which 
the radio-active preparation was placed, the total possible thickness of 
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lead being 11 cm. The ionisation chamber was a cylindrical ring-shaped 
vessel surrounding the lead cylinders, and had a ring-shaped electrode 
of sheet iron concentric with the walls of the chamber. Curves were 
obtained for a number of different preparations, showing the radium 
equivalent. A. as a function of the filter thickness, by measuring for each 
thickness the velocity of fall of the gold-leaf of the electroscope, first for 
the preparation and then for a normal radium preparation, the normal 
value of which through 0-5 cm. of lead was taken as unity. Curves 
are given for pure radium, pure radiothorium, old mesothorium prepara¬ 
tions containing radium, in which a considerable amount of RaTh has 
formed, fresh mesothorium preparations separated from the old prepara¬ 
tions, and containing a great deal of radium, and one containing very' 
little radium ; finally a curve is deduced for pure mesothorium from the 
above, and another for a mixture of the three substances, in which for 
three different thicknesses the radium equivalent is unity, but which 
rises above the pure radium line, drops below it. and then again rises 
above it as the thickness goes on increasing. The curve for each of the 
pure substances is so distinctive that, with very few exceptions, it is 
possible from the form of curve of a mixture to deduce the proportions 
of the three constituents. H. N. A. 


2281. The Number of a-Partic!es Ejected by Radium. V. F. Hess 
and R. W. Lawson. (Zeits. f. Physik, 24. 5-6. pp. 402-410, 1924. 
Phil. Mag. 48. pp. 200-207, July, 1924.)—The authors criticise the results 
of Geiger and Werner fAbstract 1203 (1924)], and conclude that the 
larger number obtained by the present authors in 1918 is more reliable. 
It is probable that the platinum of the cone-shaped emanation container 
employed by Geiger and Werner, which was heated during the filling 
process, occluded emanation when it cooled, and so reduced the number 
of scintillations observed. A discrepancy of 10 % could easily be pro¬ 
duced in this way. Geiger and Werner were not justified in assuming 
that the phosphorescent screen was almost perfectly efficient in recording 
the a-particles ; the mixture of oil with the zinc sulphide particles for 
forming the screen very possibly diminishes the efficiency of the latter 
substance. The method of arriving at the true number of scintillations 
from the observations of three observers is also criticised. Replying 
to a remark of Geiger and Werner, the authors call attention to the fact 
that their own final result is not deduced from the photographic registration, 
as Geiger and Werner assume, but from numerous subjective counts, 
in which the mean value of the electrometer deflection was ten divisions, 
and that no disturbances greater than 0*5 divisions were observed; 
these were due to vibrations caused by passing carts, etc. A calculation 
of the number of a-particles per gramme of radium per second from the 
amount of heat produced by radium gives Z = 3-83 X 10 10 , as com¬ 
pared with Geiger -and Werner, Z = 3-4 x 10 10 , and the authors, 
Z = 3-72 X I0 10 , a difference of 10% between values 1 and 2 and of 
only 3 % between 1 and 3. Geiger and Werner conclude that in the 
disintegration of radium, besides the kinetic energy of the .a-partw Ic 
and Of the recoil atom, additional energy is liberated as a result of the 
rearrangement taking place in the nucleus. Reasons are given for con¬ 
cluding that, while this may account for the difference in the first and 
third values for Z, it is improbable that it can account for the very much 
larger difference between the first and second. A * 
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2282. Secondary Radiation Due to y-Rays. D. Skobelzyn. (Zeits. 
f. Physik, 24. 5-6. pp. 393-399, 1924.)—Observations have been made, 
visually and photographically, of the electron paths produced in a Wilson 
cloud chamber by the passage of a beam of y-rays from radium. The 
paths were several cm. long, and the corresponding velocity is far smaller 
than that to be expected from the Einstein equation for a photoelectric 
effect of the y-rays on the electrons; the directions of the electrons did 
not, in general, agree with the directions of the y-rays, but were often 
nearly perpendicular to them. Wilson observed some very short tracks 
using hard X-rays (" sphere tracks ” and '* fish tracks ”), but it was 
not possible to decide as to their direction with respect to the X-rays 
producing them ; both phenomena are explainable as the result of the 
recoil of the electron, due to the scattering of an energy quantum. As 
far as Wilson’s observations go it is possible to assume that the scattering 
takes place in the form of a spherical wave; but the observations with 
the y-rays. which have a much higher energy quantum than Wilson's 
X-rays, and which give the electrons much higher velocities, so that 
they produce much longer tracks, contradict this assumption, and appear 
to agree much better with the Dcbye-Compton theorv of scattering. 

H. N. A. 

2283. The Number of y-Rays Emitted per Second from Radium Baud 

C per Atom Disintegrating. A. F. Kovarik. (Phys. Itev. 23. pp. 559-574, 
May, 1924.)—The y-rays struck the metal window front of a Geiger 
counting chamber, and produced /3-ray emissions. It was assumed that 
each y-ray quantum caused the emission simultaneously of one or more 
/3-particles, and these simultaneous emissions were counted, using an 
automatic registering device. Different thicknesses of different metals 
were used for the counter front, and the coefficient of absorption of the 
/3-rays in the metal was found by determining the thickness of front 
which gave the maximum number of counts, by means of an equation 
derived in the original paper. Corrections for scattered y-rays, and for 
/3-rays from the walls of the chamber, were determined experimentally ; 
and the coefficient of absorption of the y-rays was determined from 
corrected counts, with different thicknesses of absorbing metal placed 
near the source, between it and the counting chamber. The total number 
of emissions which would have been produced, if all the y-rays from 
RaB and RaC had been absorbed in the metal, was determined for Al, 
Cu, Sn, Pt and Pb, and was found the same for all, with a mean variation 
of ± 3%, being 7-28 x 10 10 per gramme of radium in equilibrium 
with its disintegration products. This is equal, within the limits of 
experimental error, to twice 3-57 x 10 10 . which is the number of atoms 
of each of the two elements disintegrating per second ; and it is deduced 
from this that each radio-active transformation results in the emission 
of a y-ray entity, which sooner or later produces a /3-ray emission from 
a single atom. With the hard y-rays, capable of penetrating 1-55 cm. 
of lead, the number of counts were 76 % of the total with all the 
y-rays ; ionisation experiments gave about 73 %, the smaller figure 
being due to the smaller ionising power of the fast /3-rays; the 
result with the first method is regarded as the more significant. The 
original paper contains a full treatment of the somewhat complicated 
theory of the method. H. N. A. 
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HEAT. 

2284. The Determination of the Temperature of Opaque Diffusively 
Reflecting Bodies. M. Pirani. (Zeits. techn. Physik, 5. 6. pp. 266-267, 
1924.)—A method is afforded for the measurement of the reflecting power 
at high temperatures, and on the basis of the results obtained with 
chromium oxide the range of an earlier used method is extended. An 
image of a glowing or incandescent surface, e.g. the anode of a tungsten 
or carbon arc, is projected upon a plate whitened with a covering of 
magnesium oxide. The surface intensity of illumination of the plate 
at the point where the image is found is measured by the determination 
of the apparent temperature with a Holborn-Kurlbaum pyrometer. 
The magnesium oxide covered plate is then removed, a plate of the 
material to be measured is substituted and the readings dulv recorded. 

S. G. B. 

2285. The Determination of High Temperatures. F. Henning. (Zeits. 

Elektrochem. 30. pp. 309-318, July. 1924. Paper read before Deut. 
Bunsen. Gescll., Gottingen. June. 1924.)—The paper describes a new 
form of optical pyrometer designed for the measurement of high tempera¬ 
tures by means of radiation. For non-black body radiation the method 
used measures a " pseudo-temperature ” which is defined as the tem¬ 
perature which a black body would have if all its observed radiation 
characteristics showed the same sum total as the non-black body radia¬ 
tion, i.e. it is the temperature at which a black body would possess the 
same total radiation, the same maximum energy for a definite wave¬ 
length, the same intensity of illumination, the same colour, the same 
intensity of radiation for a definite wave-length. The relation between 
this " pseudo-temperature ” and the actual temperature is deduced and 
the expression given for the same. The chief characteristic of the pyro¬ 
meter is that an image of the source to be measured, magnified five t»mes, 
is formed at the filament of the standard lamp. These are both again 
magnified 4-5 times by means of an eye-piece lens, so that the source is 
magnified 22-6 times. A colour screen (red) was placed in front of the 
eye-piece. Thus extremely fine incandescent filaments or small holes in 
radiant bodies can be measured, and these have been used of the order 
of 0-2 mm. in diameter. The special characteristics of the pyrometer 
are discussed, and its use for the determination of the melting-point ol 
tungsten is given. The value so found was t = 3370° ± 60° C. The 
method was also used for the measurement of temperature of transparent 
radiant bodies. The question of colour temperatures is discussed ana 
the various equations connected thereto are deduced. The standardisa¬ 
tion of the instrument is described and the temperature of the melting- 
point of platinum determined. The paper concludes with a note on 
colour temperature and its application to astrophysics. Star temperatures 
can thus be determined according to instructions given. . Si G *>• 

2286. The Determination of the Conductivity for Heat of 
Materials. O. Tesche. (Zeits. techn. Physik. 5. 6. pp. 233-236, 1924.) 

The method used is illustrated diagrammatically and is an adaptation 
of that proposed by Christiansen (Wied. Ann. 14. p. 23, 1881). Several 
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round copper plates of diameter 8-6 cm. and thickness 0-8 cm. are laid 
upon each other separated by small, flat glass slabs. The uppermost 
plate is a double one. and a spiral heating coil is inserted between the 
layers and carefully insulated. The two spaces between the other copper 
plates are filled with a substance of known conductivity and the material 
under test respectively. The temperature gradient is determined by 
means of copper constantan thermocouples specially calibrated before 
insertion into recesses in the copper plates. The lowest plate is main¬ 
tained at 0° C. by means of a special thermostat arrangement, and the 
whole apparatus is screened from radiation and kept in a room maintained 
at constant temperature. A discussion of the formula employed and 
the sources of error is given and the results embodied in a table giving 
values for the conductivity for rubber, gelatine, celluloid, graphite, etc. 
Water was used as the substance of normal conductivity. S, G. B. 

2287. Convective Cooling of Il'irej in Streams of Viscous Liquids. 
A. H. Davis. (Phil. Mag. 47. pp. 1057-1092. June. 1924.)—The author 
discusses theoretical formulae and chooses as a basis the general expres¬ 
sion :—» 

H/A = F (Vdc/k ; k/cv) where 

H = heat loss per unit time per unit length of the wire per degree 
temperature elevation. 
h = thermal conductivity of the fluid. 
c = specific heat of the fluid per unit volume. 
v m kinematical viscosity of the fluid ■■ 17 /p. 

V = velocity of the fluid stream. 
d diameter of the wire. 

'I*he effect of the k/cv term was experimentally investigated. The 
apparatus consisted of a motor-driven whirling arm which carried the 
test-wire with its length vertical, and forced it continually through the 
liquid contained in an annular circular trough 242 cm. in circumference. 
Observation was made of the temperature of the wire and of the electric 
energy required to maintain a measured temperature difference between 
the wire and the general body of the liquid. Wires of specially pure 
platinum about 4. 0 and 8 mils diameter and about 4-8 cm. long were 
used. The liquids used were distilled water, paraffin and three trans¬ 
former oils, of which the most viscous resembled olive oil at 15° C. 

The author found that the above formula was fairly satisfactory, 
except that a factor must be included to cover certain small residual 
effects. It was found that the function F could not be represented by 
the product of two independent terms in Vdc/k and k/cv respectively, 
but that each influences to some extent the effect of the other. The 
following form was found to be satisfactory :— 

H/k = R f(hlc*)f{(Vdc/k) x {k/cv)\} 

where R represents the residual factors referred to. An estimate was 
made of the velocity of the natural convection current set up by the 
heated wire. Tables and curves are given showing heat losses obtained 
with each of the liquids. , ; W. C. S. P. 

2288. Forced Convection of Heat /#» Gases and Liquids. Part II. 
C. W. Rice. (Indust, and Eng. Chem. 10 ; pp. 400-407, May. 1924.)— 
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A companion paper referred to in Abstract 890 (1924). In the present 
paper the writer develops a more general expression for the effective 
film thickness by the method of dimensions. The paper is unsuitable 
for abstracting. E. G. 

2289. Thermal Diffusivity and Conductivity of Some Soil Materials. 

L. R. Ingersoll and O. A. Koepp. (Phys. Rev. 24. pp. 92-93, July, 
1924.)—Thermal diffusivities of certain soil materials, quartz sand, sandy 
clay, calcareous earth and packed snow have been determined by a method 
based on the principle of linear heat flow in a slab whose faces are suddenly 
chilled. The material was packed in a narrow sheet copper box having 
broad faces, with a resistance thermometer in the centre. After standing 
at room-temperature for two days it was placed in stirred ice-water and 
the time required for the temperature to fall half-way to zero noted. 
This allowed direct calculation of the diffusivity, and from a knowledge 
of the density and specific heat, of the conductivity. Authors. 

2290. Measurement of the Specific Heat C v of Gases by the Differential 
Method. Part II. M. Trautz and K. Hebbel. (Ann. d. Physik, 
74. 4. pp. 285-324, June. 1924.)—The method was employed two years 
ago by Trautz and Grosskinsky [Abstract 705 (1923)), and their results 
were so promising that the construction of better apparatus which would 
allow the question of the accuracy and definiteness of the results to be 
settled seemed desirable. The greatest source of error in all previous 
measurements of the specific heat of gases arose from the uncertainty 
of the magnitude of the quantity of heat given to the enclosure compared 
with the heat capacity of the gas. In any new method this heat exchange 
must be made as small as possible. This can be achieved by making 
the gas act as its own protector and at the same time its own thermometer. 
The heat is given to the gas in the form of a " heat-cloud,” and is obtained 
from very thin platinum foil connected in the secondary circuit of a 
transformer when the primary circuit is broken. The gas to be experi¬ 
mented on is contained in a flask connected by a manometer to another 
vessel of the same size (the measuring vessel). If the same amount o 
energy is given to each vessel, the manometer is not disturbed. If tne 
gas in the first flask is replaced by another gas and energy supplied, the 
manometer is disturbed, but it can be restored to equilibrium by changing 
the volume of the measuring vessel; this is accomplished by a Known 
quantity of oil. If the specific heat of the gas in the measuring flask 
is known, the ratio of the two volumes in the measuring flask gives tn 
ratio of the specific heats of the two gases in the gas flask. For the gas 
with known specific heat pure C0 2 was employed. The necessary equa¬ 
tions are written down, and the final result obtained is 

v ; *7 Bo 

C ’' l=C ’ v V’ 1 n"p l v : 

for this equation to hold Q[ = Q' and Q" = Q" These conditions are 

discussed and tested later in the paper. . 

c M = specific heat of gas in gas flask; C* v = specific heat or 
measuring flask; V' = volume of comparison gas in measuring «as » 
V' = volume gas to be experimented on in measuring flask; n » 

molecular numbers of the two gases in gas flask ; Bi, fa the Pressure- 
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coefficients of the two gases. The essential condition for the fulfilment 
of the above equation is that the gas thermometer gives the true mean 
temperature of the whole gas. The condition for this is that the tem¬ 
perature of the heat-cloud only exceeds that of the surrounding gas by 
such a small amount that the specific heat of the portion of gas in the 
cloud is only altered by such an amount that it cannot be detected by the 
differential method. In the new experiments arrangements were made 
to secure (1) temperatures up to 600° C. This necessitated two thermo¬ 
stats, one for the measuring vessel and the other for the gas flask ; the 
former was a water thermostat and the latter an electric oven. (2) Suffi¬ 
cient height of the gas flask to prevent the heat-cloud from reaching 
the top before the measurements could be obtained. (3) That the 
material of the flask was not acted upon by the gas. (4) That the heating 
body could be easily replaced by another of different material, and was 
capable of movement in order to investigate the properties of the cloud. 
A full description of the construction of the various parts of the apparatus 
follows, with diagrams. The question as to the fulfilment of the principle 
of the method in the investigation and as to the definition of the tem¬ 
perature measured is next considered, and the properties of the heat-cloud 
arc investigated by means of a pressure-time curve. The necessary and 
sufficient conditions for the existence of a free hovering cloud are : 
(1) The heater has completely given up its energy before the first heat 
energy is given out at any part of the wall of the containing vessel inde¬ 
pendent of any due to a diabatic work performed by the cloud. (2) Since 
the cloud rises with a definite velocity when the energy supply is kept 
constant, a shortening of the distance between heater and wall of vessel 
must show itself on the pressure curve. These conditions are fully 
investigated, and the photographic method of recording the pressure 
time curve is described. The electrical arrangements and working of 
the transformer, with diagrams, follow, and finally a general discussion of 
the results obtained and of the data employed ih the calculation, i.e. the 
exact value of »''/*«£ and of fc/fii. and the purity of the gases used is 
given, together with a comparison of the results obtained with the new 
and old apparatus. The final values are :— 


CO*.6-919 at 14-4° C. limit of error ± 0-16%. 

H 2 . 4-809 at 15-6° C. limit of error ± 0-4%. 

H 2 .4-812 at 16-6° C. limit of error ± 0-4%. 

Nf ....... 4-975 at 22-l°C. limit of error ±0-2%. 

N 2 . 4-975 at 22-6° C. limit of error £ 0-2%. 

n 2 . 4-975 at 24-3° C. limit of error ± 0-2%. 

T. B. 


2291. The Connection Between the Specific Heat C v ,the Internal Energy 
U, and the Equation of State of a Body Based on the Second Law of Thermo¬ 
dynamics. W. Jazyna. (Zeits. 1. Physik. 25. 2. pp. 133-135. 1924.)—It 
is shown for all physical systems which obey the first and second laws 
of thermodynamics that when C* = /(T). so also must U = F(T). When 
such is the case the theorem constitutes a basis for a formal criterion 
of the equations of state of the body in question. From this standpoint 
all known equations of state can be divided into three categories : (1) Those 
which are in accord with the second law. e.g. the Clapeyron and Tumlirz ; 
(2) those which contradict the above laws, e.g. the van der Waal and 
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the Wohl with constant coefficients; (3) those which may be broadly 
designated as not contravening the second law, c.g. the Clausius, Callendar, 
Linde, K. Onnes, Eichelberg, etc. • H. H. Ho. 


2292. The Specific Heat of Steam. H. L. Callendar. (World Power, 
1. pp. 274-280, May, and pp. 325-328, June. 1924.)—The author explains 
the principles of the recent researches made with steady flow methods 
of calorimetry, and discusses some of the difficulties encountered in the 
neighbourhood of saturation, which caused the abandonment of many 
of the older methods. The energy equation for a fluid in steady flow 
is given and its application to the throttling and electric calorimeters is 
explained. The chief feature of the former calorimeter is a porous plug 
or throttling valve used to reduce the pressure without doing external 
work. After throttling to atmospheric pressure, the steam may be 
condensed and its total heat measured from the state of water at atmo¬ 
spheric pressure. In the electric calorimeter an electric heater is included 
on the circuit between the inflow and outflow thermometers, and the 
rise of temperature due to a known quantity of electric energy is observed. 

A differential method of determining the heat loss is given in which 
two throttling experiments are performed under the same conditions of 
pressure, and temperature, but with different values of the mass flow. 
The advantages of the direct throttling method are reviewed and sum¬ 
marised in the following way: (1) It gives the value of the total heat 
itself at a high pressure in terms of the value at atmospheric pressure. 
(2) This relation follows directly from the fundamental equation, and 
docs not require any knowledge of the state at intermediate points or 
of the variation of the specific heat and the cooling effect with temperature 
or pressure. (3) The differences of temperature and pressure are large 
and easily measured, and the external heat loss is relatively small and 
readily determined by simultaneous observations. Kinetic energy' cor¬ 
rection and wetness error are discussed, and the importance of design 
in connection with the former is indicated. Knoblauch s results of direct 
measurements of specific heat at high pressures are discussed, and curves 
are given representing the variation of the specific heat at constant 
pressure at the saturation point, given by different formula; or methods 
of calculation. 


2293. The Rate of Evaporation of Liquids in a Current of Air. T. B. 
Hine. (Phys. Rev. 24. PP . 79-91. July 1024.)-^ experiments were 
made in a large ventilating tunnel at Edgewood Arsenal, near the e 
of a 280-ft. straight section. 6 ft. square. The liquid being studied was 
pumped continuously into a copper pan mounted flush with the noor 
over the edge of which it overflowed into a lower pan. The a®™"* 
evaporation in several hours was determined by weighing the pan . 
Results were obtained for chlorbenzene. M-xylene, nitrobenzene ana 
toluene, for winds from 0 to 15 miles per hour, 49 runs in all ine r 
of evaporation is found to be a linear function of the wind velocity ,*\ 
taking the values of vapour pressure given in the literature c° rres P°“ CU b " 
to the temperatures of the liquid surfaces, the relation suggested y 
de Heen in 1891 is found to be correct;, the number of grani. m . 
evaporated per hour from a liquid surface 60 cm. in diam ^ 1S . f’" 
by»M;«=t(0-l +0-10W)P. where W is the wind velocity m md® 8 
hour and P is the vapour pressure in millimetres of mercury. WP 
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variations in the wind velocity and uncertainty as to the exact tem¬ 
perature of the surface in some cases, the mean variation of observed 
values of M from the computed values is about 10 %, but there is 
no evidence of a systematic deviation of the results for any one liquid, 
although the vapour pressures vary from 0-3 to 30 mm. Author. 

2294. Fluid Friction and Heat Transference. T. B. Morley. (En¬ 

gineer, 137. pp. 596-597, May 30, 1924.)—Describes the construction of 
nomographic charts for the computation of the frictional resistance to 
the flow of a liquid in a pipe and the transference of heat between the 
fluid and the tube wall. E.*G. 

2295. The Relation Between the Total Thermal Emissive Power of u 
Metal and its Electrical Resistivity. C. Davisson and J. R. Weeks, Jr. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 581-605, May, 
1924.)—Foote has shown that the ratio of the total power radiated per 
unit area of a metal to the total power radiated per unit area of a black 
body at the same temperature can be expressed by the formula 

E =r 0-5736(Tp)» - 0* 1769(Tp). 

where p is the resistivity of the metal in ohm-cm. and T the temperature. 
The authors have been unable to check experimentally the total emissive 
powers for platinum calculated from Foote’s formula. They have there¬ 
fore developed a formula for the total emissive power of a metal which 
takes into account the departures from Lambert's law required by Fresnel’s 
laws of reflection. It appears from this formula that the total emissive 
power of a metal defined in terms of total power radiated is, in general, 
about 20 per cent, greater than that defined in terms of the intensity of 
the total emission normal to its surface. The authors' formula for the 
total emissive power is 

E = 0-751(Tp)* - 0-632(Tp) + 0-670(Tp)3/2 _ 0-607(Tp)2 . . . 

Using only four terms of this series the error at (Tp) = 0-075, which is 
about the value for platinum at 1500° K., is less than 0-5 percent. The 
modified formula of Foote becomes 

Ei => 0-576(Tp)» - 0- 178(Tp) -f 0-044(Tp)3/2 . . . 

If a metal at temperature T be immersed in radiation of temperature T 0 , 
then the apparent total emissive power is E' = E — A 0 (T 0 /T) 4 , where 
A,, is the total absorptive power of the metal and is equal to /(Tqp) and 
can be expressed in terms of the above series. Tests were then carried 
out on two platinum filaments, one of 10 cm. length and the other of 
50 cm., electrically heated in vacuo. In each case the apparent emissive 
power was obtained by dividing the electrical power dissipated in a middle 
section of the wire by the power that would be radiated from an equal 
area of perfectly black surface at the same temperature. This value 
was then compared with the theoretical apparent emissive power calcu¬ 
lated from the temperature and resistance of the filament and the tem 4 
perature of the surroundings by means of the formula given. The object 
of making tests on two filaments was to obtain a correction for heat lost 
due to conduction, which is important at low temperatures. Fairly 
satisfactory comparisons of observed and calculated values have been 
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carried out in the range 300° K. — 1500° K. The discrepancies between 
the observed and the calculated values are attributed to two causes—a 
variation of the electrical resistivity of platinum with frequency for 
frequencies approaching those of the visible spectrum, and to the effect 
upon the radiation of a natural period of the platinum atom corresponding 
to a wave-length of about 7-5 p.. W. C. S. P. 


2296. The Equations of Movement of a Gas. Y. Rocard. (Comptes 
Rendus, 178. pp. 1882-1884. June 2. 1924.)—If ( u , v, w) are the absolute 
velocities and (u 0 , v 0 , w 0 ) the group velocities of a molecule at the point 

(*, v, z), V the vector of the components « 0 , v 0 , w 0 , U = u — u 0 , 
V = v — i' 0 . W = w — w 0 . the velocity of A relative to the centre of 
gravity of the material element of the gas at ( x . y. z) at time /, then the 
equations of motion of the gas as given by Maxwell are 

pdwo/*)/ + ptiQ^itJ'bx + pvo^uj^y + pw 0 'bu 0 /)z 

= pX - ^/^(p72) - d/t)v(pUV) - D/MpUW) 

% 

and two similar equations. Recent work by Chapman has determined 
the function of distribution of velocity to the first approximation in the 
vectorial equation 

pdV/dt + grad P = pF + 5(grad div V + 3AV] 

3 

F being the vector of the components X. Y, Z. -q the coefficient of vis¬ 
cosity. James (Phil. Trans. A. 233. 1. 1922) has carried this to a second 
approximation. By the aid of James's equation one can derive with 
respect to the time the circulation T along a closed curve C. which is 
deformed with the fluid, and obtain the equation 


(dT/dt\ = jd/dt(V.ds) 


4q/3jdAf>/p - 8/1 5(yrj &) fdAT/Pp 

- 4Kr)y3f(dA/dl)(d<f>/dt)\/P + terms 


which disappear under certain assumptions. Assuming an incompressible 
fluid, the first term on the right disappears, but owing to the presence 
of P in the other terms they cannot be annulled in general. It is thus 
deduced that the theorem of Lagrange on the conservation of the velocity 
potential does not apply. 

A method is suggested for determining the initial value of all tne 
differential coefficients which can be written in the successive approxi¬ 
mations either in the function of distribution of velocity or in the equa¬ 
tions of motion. A simple case is taken of the elastic impact of a molecule 
falling on a surface without transfer of heat. It is shown that in general 
a functional equation of a complicated type is obtained, but this can be 
resolved to Chapman's approximation to a certain number of linear 
equations which will solve the problem. T - 

• 2297. The Vapour Tension Equation at Low Temperatures. V.Flscher. 

(Zeits. techn. Physik. 6. 6. pp. 187-192, 1924 .)—Kirchhofi's vapour 
tension equation was derived by Gibbs with the help of the conception 
of the thermodynamic potential. The Kirchhoff equation, however, 
assumes a constant specific heat, both for the vapour and for its solid 
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or liquid phase. This assumption has been shown by later experiments to 
be inadmissible at low temperatures. Gibbs’s derivation of the Kirchhoff 
equation, however, allows of easy generalisation without assuming constant 
specific heat. In the general equation T<fS = Q4T -f AT(bp/bT)^lv ; 
the specific heat C„ at constant volume can be expressed as a function 
of the absolute temperature T and of the specific volume v. Integrating 
this equation the entropy is obtained as S = JC* . cC T/T -f f(v). Assuming 
that in the liquid or solid phase changes of volume may be neglected, 
S = JC^T/T -f C and the specific heat can be represented by a series 
similar to a Maclaurin series, thus :— 

C, = C P . + CT + C"v 0 . T*/2 + C'"v 0 T3/6 + . . . 
where C p# =5 (dCJdT)T^ 0 , etc. Hence 

S = J[C c /r + c;. + c;;t/ 2 + ... ]«rr + c- 
- C, # l 0 g,T + c;;r + <T*/4 + . . . + C. 

Following on these equations, the author develops a long series of equations 
indicating the behaviour of the substance at low temperatures. The 
paper is entirely mathematical. T. B. 

2298. Equation of State of a Gas. J. E. Jones. (Cambridge Phil. 

Soc., Proc. 22. pp. 105-112, May. 1924.)—The approximate equation 
pv =* ANT + B/v where p, v, T arc pressure, volume and temperature, 
and A is the Boltzmann constant. N the number of molecules, and B a 
constant has been obtained by a number of writers by various general 
methods. This paper gives two new derivations, which have the ad¬ 
vantage of showing the physical significance of the constant B. The 
author points out that, while the pressure at the boundary of a gas has 
the same value as that in the interior, they arc of different natures. At 
the boundary the pressure is due entirely to the motion of the molecules, 
whilst in the interior a part only is due to this cause, the remainder being 
due to the stress set up by the existence of inter-molecular fields. It 
is this pressure which appears in the formula as B/w 2 , the remainder 
(ANT/v) being given by the perfect gas law. E. G. 

2299. On the Absolute Value of the Entropy of Real Gases. V.Njegovan. 

(Zcits. Elektrochem. 30. pp. 291-293. June, 1924.)—This investigation 
extends an earlier one dealing with perfect gases (sec Abstract 622 (1923)] 
to real gases, such as oxygen and steam. The general form of the entropy 
equation S = F(TjP) + constant is employed with such experimental 
data as are available. The entropy constant, which is absolute for a 
perfect gas, is now dependent on other conditions, and the expression 
assumed is S = F(Tj/») + 2-3023S(C, - C*) + C,. The absolute entropy 
values for different pressures and temperatures are calculated and com¬ 
pared with the corresponding C r values. Within a certain experimental 
region there appears a striking proportionality between the absolute 
entropy and the specific heat at constant volume. An apparent case 
of contradiction with classical thermodynamics arises, viz. a decrease 
of entropy with an increase of volume, which is found to depend, however, 
on the conception of the entropy constant. Further investigation is 
necessary. H. H. Ho. 
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2300. Acoustic Disturbance Recorded at Paris Due to the Explosion at 
La Courtine on May 15. 1924. A. Dufour. (Comptes Rendus, 178. 
pp. 1741-1743, May 19. 1924.)—The explosion at La Courtine on May 15, 
1924, was not heard at Paris, but records obtained from four microphones 
each showed a disturbance at 19h. 46m. 53s.; the disturbance lasted for 
about three seconds, and consisted of oscillations of pressure with a period 
of about one second. The velocity of the disturbance, obtained on the 
assumption that the explosion occurred exactly at 19h. 30m., is approxi¬ 
mately 340m./s. * A. W. L. 

• 2301. Effect at Meudon of the La Courtine Explosions. H. 

Deslandres. (Comptes Rendus, 178. pp. 1864-1865, June 2, 1924.)— 
The conditions on the day of the second explosion were less favourable 
than before; for the third explosion they were still worse. On May 23rd 
three trains of waves reached Meudon, as follows :— 

(1) From 20h. 16m. 35-2s. to 36 0s. 

(2) From 20h. 16m. 36-3s. to 37 -2s. 

(3) From 20h. 16m. 37-5s. to 38-4s. 

These waves must be due to the explosion, since during the ten preceding 
and the ten following minutes the trace of the recorder was absolutely 
rectilinear, showing no disturbance on account of the wind. On May 25th 
the wind was stronger, and, in order to permit of a better determination 
of the air-pressure at the time of passing of the wave, the microphone was 
less completely protected. Three train 
previous ones were registered, but these 
from disturbances caused by the wind. 

2302. Zones of Silence. E. Esclangon. (Comptes Rendus, 178. 
pp. 1892-1895, June 2, 1924.)—The simplest explanation of zones of 
silence, and in the author’s opinion the most probable one, is that they are 
a result of meteorological conditions at the time. The combined action 
of temperature and wind produces continuous (or sometimes discontinuous) 
deviations in the sound waves, and causes their return to the ground, and 
even the concentration in certain places of the sound energy. The explana¬ 
tion by a reflection in the very high layers of the atmosphere, at an altitude 
of 80 to 100 km., where the pressure is of the order of a fraction of a milli¬ 
metre, seems unlikely because of the considerable loss of energy that would 
be imposed on the sound waves in traversing the double path. Further 
evidence against this explanation is furnished by the phenomenon of 
aerolites, which, in spite of the powerful disturbances they produce in 
the upper atmosphere, are almost always silent to terrestrial observers. 
Also there is no constant disposition of zones of silence round a source, 
but these vary with every case. The hackneyed experiment showing how 
short a distance sound is transmitted in the rough vacuum under the 
receiver of an air-pump indicates that the low density of the air. at high 
altitudes would be an insuperable obstacle to even the loudest sounds that 
are produced on the earth. A theory is developed, which, making assump- 
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lions as to the mode of variation of the wind, etc., leads to a number of 
types of acoustic maps, having, for example, successive zones of silence, 
or, again, reinforcement along certain directions, not necessarily that of the 
wind and its opposite, or, in some cases, actual acoustic foci at certain 
points. With temperature rapidly decreasing on ascent from the ground, 
and with the vertical gradient of wind velocity very small, it may happen 
that the first zone of silence begins at the centre of the explosion itself. 
Thus, points in the neighbourhood of the source the sound reaches only 
by diffraction. G. A. S. 

2303. Theory of Hearing. G. Wilkinson. (Nature, 113. pp. 781-782, 
May 31, 1924.)—E. W. Scripture repeats -(ibid., p. 605. April 26. 1924) the 
criticisms of the resonance theory of hearing put forward by him in the 
Lancet (November 4, 1922)'. The value and interest of Scripture’s work 
on phonetics and the analysis of the speech curves of vowel sounds is 
acknowledged by the present author, who then concentrates on the 
deduction by Scripture that the perception of vowel sounds by the human 
ear is incompatible with the resonance view of the mechanism of the 
cochlea. Reference is next made to the plain experimental fact that 
the different vowel sounds are readily reproduced by such imperfect 
resonators as the strings of a piano, as mentioned in Ellis’s translation of 
Helmholtz (p. 129). 

Scripture’s statement that sounds containing inharmonic partials are 
incapable of being completely resonated is objected to as a new doctrine 
that cannot be accepted without further proof. 

The present author is also unable to acquiesce in any of Scripture’s 
statements regarding the structure of the cochlea. These statements 
do not seem to be drawn from any of the recognised anatomical sources. 
Various details as to the cochlea arc then entered upon and references made 
to the author's previous work. The article includes three reproductions 
of cross-sections of the cochlea. E. H. B. 

2304. Elastic Impact of Pianoforte Hammer. S. Bhargava and 
R. N. Ghosh. (Phil. Mag. 47. pp. 1141-1148, June. 1924. Paper read 
before the Indian Science Congress. Jan., 1923.)—Helmholtz built up his 
classical theory of the vibrations of pianoforte strings on the assumption 
that the law of pressure was given by F sin pi. He regarded the hammer 
as elastic and the duration of impact as small compared with the period 
of vibration of the string. Later on (Ann. der Physik. 1895) Kaufmann 
showed that the duration of impact was comparable to the period of 
vibration of the string, and he based his theory on the assumption that the 
hammer was hard. Raman and Banerji conjointly, and Das separately, 
have recently extended the theory of the hard hammer and given a method 
for calculating the duration of impact in the general case when the striking- 
point is anywhere on the string. The present paper develops the theory 
of impact of the clastic hammer when the duration of impact is com¬ 
parable to the period of vibration of the string. This theory has been 
tested by experiments with hammers and strings actually used in the 
piano. The theory is more general than Kaufmann’s. and includes his 
as a special case. The paper gives five photographic reproductions of 
displacement-time curves of the hammer and string. Calculation of 
intensities of partials and comparison with experiments it is hoped to 
give later. 4 • ' E. H. B. 
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2305. Electromagnetic Equations of Dimensions. E. Brylinski. 

(Comptcs Rendus, 178. pp. 1519-1520. May 5. 1924.)—The fundamental 
equations being Jh<f/ = 47 ri and induced e.m.f. E = — dB/d/, the corre¬ 
sponding equations of dimensions are: [h] = [». L" 1 ] and [E] = [BT" 1 }. 
But [E] [(f ). L], where <f> is the induced electric force. Also, [i] = [ q/l) 

and [q] = [I] » (i . L 2 ]. Therefore [h] =- [i . L 2 . T-»][L->] and [i] 
= [B'T” 1 ] [L->J = [bL 2 T- 1 J[L- 1 ]. Now give the L's their proper 
directions : Let the current, the electric field and the electric induction 
be along the axis of x and the magnetic field and induction be along that 
of y ; then the equations of dimensions become [hj = [iYZ . Tt 1 ][Y- 1 ] 
= [i. ZT-i] and [<£] = [biXZ . T-*][X"*] - [b . ZT"*J. That is. h 
is related to i and 0 to b by a velocity term ZT" 1 at right angles both to 
h and to (j >. Again. (i/<£)(b/h), = Kfi, = (ZT" 1 )" 2 , which points to a 
velocity = (K/x) — * at right angles to h and to <f>. . A. D. 

2306. Electric Currents in Moving Continuous Media. L. Roy. 

(Comptes Rendus. 178. pp. 1093-1695, May 19. 1924.)—The electro- 
dynamic theory applied to stationary media, as described in a previous 
paper [see Abstract 2122 (1922)], is extended to cover the case for media 
in motion. The treatment is mathematical. A. B. C. L. 

2307. Explosion of Electron in Quantum Theory. C. E. Guye. (Arch, 

des Sciences, 6. pp. 4-6. March-April, Supplement, 1924. Paper read 
before the Soc. de Physique et d’Histoire Naturelle, Geneva.)—A charge 
e on the surface of a sphere (electron) of radius r 0 is in equilibrium under 
e.-s. forces of repulsion and an antagonistic Poincar6 superficial pressure; 
its total potential energy is f e 2 /r 0 , whereof $e 2 /r 0 is due to e.-s. forces and 
h g V r o *° the opposed superficial pressure, Langevin[scc Abstract 13 (1914)]. 
Its inertia ism 0 = de 2 /r 0 )/c 2 t= 0-9 x 10" 27 grm. for thenegative electron. 
Suppose a transition from one orbit to another, with liberation of energy ; 
and that the equilibrium is broken, so that a charge e' escapes under 
repulsion. The energy will become f (* — O 2 / r 0 and the dispersed energy 
is i{e 2 — [e — O 2 }/r 0 = — «^}/r 0 = hv. When e ' is small, we 

have e ' = l(hv)ro/e. For extreme ultra-violet (X = 10" 5 cm.), 
e' = 5-7 x 10" 15 , to compare with e = 4-77 x 10" 10 ; so that the 
dynamics of the electron are inappreciably affected. If, on the other hand, 
the explosion of the charge be complete ande' =e, we have A = 2 -4 x 10" 10 , 
of the order of gamma-rays (A = 1-4 x 10~ 8 to 10" 10 , Kaye). The 
complete explosion of a positive charge would give wave-lengths 1830 
times smaller than this. We may therefore consider X-rays and gamma- 
rays as being due to more or less complete explosion of the charge of an 
electron. . j . , k. A. D. 

2308. Inertia of a Spherical Electric Layer Under ^Divergent Movement, 
and the • Emission of Quanta. C. E. Guye. (Arch, des Sciences, 6. 
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pp. G-8, March-April, Supplement. 1924. Paper read before the Soc. de 
Physique et d’Histoire Naturelle, Geneva.)—This is a sequel to the 
preceding paper. A spherical electric layer under translation has a 
magnetic field ; if dilating, it has none. Under dilation it has no inertia 
unless it contain some other energy (eg. energy of vibration) within it. 
The e.-s. forces ought to give it an infinite velocity in the shortest time ; 
but its e.-s. field vanishes as its radius is increased and energy is liberated. 
Assume that this energy takes the form of vibration within the dilating 
layer; then the rate of dilation could not exceed the velocity of light. 
The differential equation of motion is 


/ 




in which m at each r is the energy liberated by the e.-s. field. From this 
we have 

f o r o r 

r(l T Vu) - * U 

where € 0 is a small quantity proportional to the initial inertia. For 
r “ r o> P “ 0 ; for r — ® < I ; but if c 0 approach zero, fi approaches 

unity. Therefore as the initial inertia approaches zero the speed of 
dilatation approaches the velocity of light whatever be the charges ; and 
the dilating sphere can carry with it a finite amount of energy, while under 
translation it could not. • 

This, with the preceding paper, suggests a mechanism for the emission 
of quanta. The small charge <' lost by the electron dilates in the manner 
indicated and the small variation in the potential energy of the charge on 
the electron represents a quantum, reproduced as energy of vibration 
within the dilating charge. At the same time the charge dcmaterialises 
as the radius increases, in the sense that it would have no inertia for 
translatory movement apart from the vibratory energy contained within 
it. It remains to be seen how far this conception may agree with the 
electromagnetic wave and the phenomena of optics. A further communica¬ 
tion on this subject is promised. A. D. 

2309. Electromagnetic Induction in a Homogeneous Solid Conducting 
Sphere Rotating about an Axis Perpendicular to a Uniform Alternating 
Magnetic Field. A. Marcus. (Pfiys. Rev. 24. pp. 08-78, July. 1924.)— 

(1) Mathematicfl! Theory .—The differential equations of the field arc solved 
by a method first given by H. Lamb. The induced currents are found 
to flow in concentric shells; to an observer moving with the sphere they 
would bo equivalent to two sets of steady currents revolving in the sphere 
with frequencies equal respectively to the sum and the dilferencc of the 
frequencies of the impressed alternating field and of rotation of the sphere. 
The currents may be supposed to diffuse from the surface inward in the 
usual manner; at higher frequencies the penetration is smaller, resulting 
in a ‘ * skin effect ’’ for high frequencies. Equations are also derived for the 
resulting magnetic field and for the torque on the sphere and for the 
logarithmic decrement in the case of an oscillating conducting sphere. 

(2) To test the theoretical results, measurements of the logarithmic decrement 
of a solid metal ball oscillating about a vertical axis in an alternating field 
produced by a long horizontal solenoid were made, and the results for 
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three balls were found to agree with values computed from the theoretical 
expression for the torque within the limit of experimental error, which was 
not greater than a few tenths per cent. ' Author. 

2310. Contact P.D. Between Metals Glowing in vacuo. R. Vieweg. 

(Ann. d. Physik. 74. 2. pp. 146-170. May, 1024.)—Method for estimating 
the contact p.d. apart from the current used for heating the metals in 
vacuo. A brief heating is sufficient to raise the potential of a metal 
appreciably. Continued heating produces a small further effect. It 
would appear that the phenomena of contact p.d. are due to the surface- 
film, but not entirely so. A. D. 

2311. Numbers of Ions in the Atmosphere. S. Wiedenhoff. (Metcor- 

olog. Zeits. 41. pp. 72-73, March, 1924.)—The number of ions per cub. 
cm. in the atmosphere near the earth is found to present a maximum 
(say 796 +, 769 —) in August and a minimum (59G +, 667 .—) in February, 
with a secondary maximum (745. 760) in April and a secondary minimum 
(C34, 601) in May ; and generally the number is greater the hotter or the 
less cloudy the weather. The greater the number, the greater the liability 
to atmospheric disturbances in spark wireless. A. D. 

2312. Atmospheric Electricity Data. H. Markgraf. (Meteorolog. 

Zeits. 41. pp. 66-71, March, 1924.)—A discussion of periodicities in these, 
observed at Potsdam during fifteen years. A. D. 

DISCHARGE AND OSCILLATIONS. 

2313. Cathode-fall in Glow Discharge and Energy of Liberation oj 

Electrons. A. Gunther-Schulze. (Zeits. f. Physik, 24. 1. pp. 62-56, 
1924.)—Between the normal cathode-fall V* on a metal and the liberation- 
energy </) of the electron there exists a simple relation V* « C<f>, where C 
is a constant characteristic of each kind of gas employed. A. D. 

2314. Theory of Electron Emission. S. Dushman. (Am. Electrochem. 
Soc., Trans. 44. pp. 101-116 ; Disc., 116, 1923.)—In this paper the Nernst 
heat theorem is applied to the evaporation of electrons. The theoretical 
treatment is analogous to that already developed for the evaporation of a 
monatomic substance. This leads to an equation for electron emission 
which assumes the form I = A 0 T 2 € -ft »^ r , where A 0 is an integration 
constant whose value may be calculated, and 6 0 = Lq/R in which L 0 
denotes the heat of evaporation at the absolute zero. The significance 
of this equation is that it involves only one unknown constant, b 0 , instead 
of two as in Richardson’s equation. The physical significance of b 0 has 
been the subject of considerable speculation. It is shown that b 0 is 
relatively low for the very electro-positive elements, and its value increases 
with decrease in electro-positive characteristics. It also appears to be a 
periodic property of the elements, but more data must be obtained before 
any reliable conclusions can be drawn regarding the relation between the 
electron affinity and the other properties of the atom. Experimental data 
on the emission from various metals are found to be in satisfactory agree¬ 
ment with the new equation. The problem of efficiency of electron 
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emission and the effect of field strength on emission is also discussed 
Csee also Abstract 1878 (1924)]. A. E. G. 

2315. The Theory of Thermionics. H. A. Wilson. (Phys. Rev. 24. 
pp. 38-48, Jilly, 1924.)— Thermodynamical Theory of Electron Emission from 
Metals. —By means of a reversible cycle similar to that first used by O. W. 
Richardson an accurate expression for the thermionic emission is obtained, 
and it is shown that the constant in the equation for the vapour pressure 
of the electrons is equal to the chemical constant for electron gas. It is 
shown that if all the internal heat of evaporation of the electrons is due 
to electrical forces, then Richardson's original equation 1 = A b!t 
must be correct, and the specific heat of the negative electricity in the metal 
must be the same as for a monatomic gas at constant volume, but that if 
this specific heat is small, as is known to be the case, then all the internal 
heat of evaporation cannot be due to electrical forces, and Richardson’s 
second equation I = A0 2 * is a better first approximation to the exact 
.relation. It is shown that the equation L = R0«rf(log p)ldO, where L is 
the heat of evaporation of a liquid at pressure P, and temperature 6 is not 
exactly true for the evaporation of electrons. 

Quantum Theory of the Chemical Constant. —A simple way of calculating 
the size of the region element in the state space for a monatomic gas is 
given which makes it equal to N/<*. where N is the number of molecules in 
the gas and h is Planck's constant. This gives the same expression for 
the chemical constant as that found by Sackur. Author. 

2316. Consumption of Energy when Air is Ionised by X-rays of Different 

Wave-lengths. L. Grebe. (Zcits. f. Physik, 24. 3-4. pp. 204-2(50, 1924.)— 
The result of Boos (see Abstract 2097 (1922)] that X-rays of shorter wave¬ 
length consume a greater amount of energy in ionising air than those of 
greater wave-length is explained by the fact that, with the short-waved 
X-rays besides the relatively quick photoelectrons, slow Compton electrons 
are also gcncratod. These consume a relatively large amount of energy, 
while their ionising action is only small. An exact knowledge of the 
dependence of ionisation on the wave-length may perhaps also give a 
means of ascertaining the distribution of energy exchanges in the two 
processes—photo-effect and Compton-effcct. • A. E. G. 

2317. Studies with Ionisation Gauge. Part II. Relation Between 
Ionisation Current at Constant Pressure and S' umber of Electrons per Mole¬ 
cule. C. G. Found and S. Dushman. (Phys. Rev. 23. pp. 734-743, 
June, 1924.)-— Calibration Constants for the Ionisation Gauge in Various Gases. 
—The relation for the pressure P = K x positive ionisation, where K 
is a constant, was found to hold for Hg vapour (0 025 to 0 * 21 bar) and for 
iodine vapour, assuming published values of vapour pressures. For H 2 , 
He. Ne, N 2 and CO at pressures around 50 bars, readings were compared 
with those of a McLeod gauge and the values of K determined. For the 
same electrical conditions (anode voltage and electron current) 1/K is 
found to be proportional to the total number of electrons per molecule or 
molar number N (except for H 2 and He, for which KN is half as large). 
Measuring i + in microamps, and P in bars, the value of the constant KN 
is 10-4 for an electron current at 0*6 microamp. and an accelerating 
voltage of 125 volts. Results for the vapour pressure of water and of 
Hgl 2 also agree with this relation. 
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Relative Ionisation Due to Slow Electrons in Various Gases is, then, 
proportional to the pressure and to the molar number (except for H 2 and 
He). This agrees with results previously obtained for ionisation by a-and 
£-rays, except that for these H 2 is not abnormal. From the electron 
current K and the mean free path the fraction of the collisions with 
molecules which produce positive ions can be computed. It comes out 
i in argon for an accelerating potential of 125 volts. 

Vapour pressures of yiapthalene, — 11° to 18° C., and ol vacuutn 
oil 0° and 25° C., were determined, assuming probable values of K [see 
Abstract 578 (1921)]. Authors. 

2318. The Constitution of Gaseous Ions and Mobilities in Dry and Moist 
Air. J. J. Nolan. (Phys. Rev. 24. pp. 16-30, July, 1924.)—Using the 
Franck modification of the Rutherford alternating-current method, with 
the plate and gauze accurately parallel and 2-5 cm. apart, current-voltage 
curves were obtained as the 52-cycle voltage was increased from 200 to 
500 volts. Previous experiments have shown the presence of four pre¬ 
dominating types of positive ions with mobilities of 2 04, 1-73, 1-52 and 
1*34. The curves now reproduced show periodic inflections about every 
10 volts, which indicate intervening groups making some twenty groups of 
ions with mobilities varying from 2-24 to 1*34. These values agree 
closely with those computed according to J. J. Thomson's theory for 
clusters of from 15 to 36 water-molecules. In dry air the groups with the 
lower mobilities are less prominent. Other experimental evidence is 
cited in favour of the cluster theory as opposed to the small ion theory 
of ions. Loeb’s criticism of the author's work is discussed, and it is shown 
that there is no real divergence between these results and those of Loeb. 

Author. 

2319. The Influence of the Shape of the Kathode on the Normal Current 
Density of the Glow Discharge. A.Giinther-Schulze. (Am. Electrochem. 
Soc., Trans. 44. pp. 215-224 ; Disc., 225-226. 1923.)—To determine the 
effect of the shape of the kathode on the normal current-density one of 
two similar iron strips ( k) was bent to a U form, and the other (1) was used 
flat. Current was sent in either direction between them, when surrounded 
with hydrogen at a number of different pressures ; in each case the current 
was measured when the strips were just surrounded by the glow discharge. 
At very low pressures the current i* with (A) as kathode was about half 
that with (1) as kathode (**/*i = 0- 517); but at a critical pressure, about 
2-25 mm., ** rises rapidly as compared with tj, and at 2 27 mm. **/»i 1S 
5-98; for still higher pressures the ratio falls off again rapidly, and at 
7-88 mm. pressure is 0-579. At the critical pressure the strip and the 
slit-like space between the arms of the U are so strongly heated that the 
gas density decreases, until the dark space no longer exists in the slit; 
the glow discharge disappears, the current falls from 80 to 13 milliamperes, 
the sheet cools down until the discharge can again jump into the slit, and 
so on. By this means the kathode can be heated very strongly. When 
the two arms are so close that the electrons from the inner surface of one 
penetrate into the dark space in front of the other inner surface, they move 
against the field in the last part of their path, and they may be brought 
to rest and pass back into the glow. The kations produced in the dark 
space persist, since the field strength in the 'dark space is high and little 
recombination takes place. More kations are available on both sides than 
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before. These produce more electrons, and so the two arms working together 
increase each other's current densities. In the Discussion, C. G. Smith 
mentioned experiments made by V. Bush and himself, in which a magnetic 
field parallel to the common axis of concentric cylindrical electrodes 
decreased the dark space of the glow discharge between them. The field 
increases the probability for the production of kations near the kathode. 
The recombination phenomenon was under these conditions a negligible 
factor. He considers the distribution of positive space charge a more 
powerful factor in determining the current than the recombination pheno- 

1 V 4 


2320. The Electrodeless Discharge. G. Mierdel. (Phys. Zeits. 25. 

pp. 240-255, May 15, 1924.)—A r/sumt of the work on this subject dealt 
with under the following heads: 1. The discharge, using outside electrodes ; 
(a) electrical properties, (6) optical properties, both of which secticns 
are illustrated with diagrams. 2. The elcctrodeless ring-current; (a) the 
fundamental phenomena, (6) electrical measurements, (c) nature of the 
ring discharge. ( d) optics of the ring discharge, (e) outside magnetic 
fields. (/) mechanical actions. A list of the most important papers on 
the subject is appended. A. E. G. 

2321. The Measurement of Critical Voltages. Lydia Inge and A. 
Walther. (Zeits. f. Physik. 24. 5-6. pp. 400-401. 1924.)—The authors 
investigate the influence of the mesh of the wire gauze employed in 
measurements of ionisation voltage; this was varied from 0-2 mm. wire 
diameter and 0-8 mm. spacing to 0-5 mm. diameter and 2 mm. spacing. 
The methods of Franck and of Gouchcr were employed, with mercury 
and cadmium, and no difference was found between the values of the 
ionisation voltage due to change in the wire gauze employed. H. N. A. 

2322. Currents Limited by Space Charge between Concentric Spheres. 
I. Langmuir and Katharine B. Blodgett. (Phys. Rev. 24. pp. 49-59, 
July, 1924.)— Concentric Spheres. —Calculati on o f the function a f(r/r 0 ) 
in the space charge equation t — (4 V , 2/9) V (f/mjV^/a 2 .—The coefficients 
of the first six terms of a series for a were determined, and a 2 calculated 
from this series. The results were checked by an integration method, 
which was also used to calculate values in the region where the series 
failed. For an emitter of radius r© inside a collector of radius r, values of 
a 2 when log (r/r 0 ) >6-4 are given by the equation 

ia 2 = 0-112 log (log r/r„) + J log (r/r 0 ) + 0-152. 

Where the collector is the inside sphere, values of a 2 for r 0 /r > 9 are given 
by the equation (Ja 2 ) 2 /® — 1-11 ( rjr) — 1-64. It is shown tnat when the 
collector is the inside sphere the potential distribution near the collector 
is unaltered if the emitter is replaced by a non-emitting sphere with a 
diameter 0-677 times the original diameter. 

Limiting Current Between Coaxial Cylinders and Between Concentric 
Spheres. —Equations are derived for the current in terms of the radius of 
curvature of the emitter. It is shown that at a surface in space four-fifths 
of the distance from the emitter to the collector the current density is 
independent of the radius of curvature when rjr 0 or rjr < 2 ; and in the 
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case of coaxial cylinders with the emitter inside this holds true even when 
r/r 0 = 20. Author. 

2323. Surface Complications in the Corona Discharge. F. O. Anderegg. 
(Am. Electrochem. Soc., Trans. 44. pp. 203-214 ; Disc., 214, 1923.)— 
A careful study of the literature covering ozone formation and other 
chemical reactions in the corona discharge bring to light certain unexplained 
deviations in the results, which are much greater than the variations in 
the supply of electrical energy or in other conditions might be expected 
to produce. It is the purpose of this paper to present evidence, obtained 
in working with different types of discharge, that the variations noted 
are due, to a greater or less extent, to disturbing effects at the walls of 
the apparatus. The results indicate a complicated series of chemical 
reactions in the corona discharge, together with adsorption of some at 
least of the products on the surfaces. The following hypothesis will 
explain most of the results obtained: At first ozone is formed and then 
nitrogen peroxide accumulates gradually. Heavy ions of low mobility 
which decrease the conductivity arc formed, explaining the first drop in 
wattage and power-factor curves. These heavy ions or molecules condense 
out on the walls with more or less lag to produce kinks in the curves 
given. These adsorbed substances, containing probably heavy oxides of 
nitrogen which arc quite polar, have a high dielectric constant, causing 
an increase in discharge density, explaining the rise in power-factor and 
wattage curves. Oxides then decompose the ozone, so that when it decreases 
below a certain value it is less than the desorption, and the pressure rises. 
Some of the heavy molecules evaporate, slowing up the speed of the ions 
and decreasing the conductivity, explaining the sharp drop in the power- 
factor and other curves. With the decomposition of the heavy ions there 
is another kink, from which the conductivity and pressure rise to a steady 
state which was reached at 8400 volts in about 30 minutes after reversal. 
Increases in temperature in the intensity of the discharge or in the amounts 
of nitrogen oxides, contaminants from previous runs, will lower the ozone 
concentration and so speed up the reversal. Variations in results folio 
variation in the extent and in the degrees of saturation and of activation 
of the surface. From the experiments it may be concluded that the choice 
of material of which to make a discharge tube for the quantitative 
study of chemical reactions in the corona discharge is very important. 
The use of a dielectric such as glass to intensify the discharge is ap 
to cause complications, not only because of adsorption that may * 
but because of the probable existence of progressive changes vmmn 
the dielectric under stress. 

2324. The Electrochemistry of the High-IntensityArc V.K* Bassett. 
(Am. Electrochem. Soc.. Trans. 43. pp. 153-172 ; Disc.. 172-174 

The high-intensity arc is a distinct type of electric arc which has been 
developed during the past ten years. A. Blondel was the first to no '<! 
record the positive flame effect at high currents m mineralised carbons 
but did not follow up the matter. Beck some time later attempted 
produce this type of arc by surrounding the burning electrodes wit 
inert gas, such as alcohol vapour, but his method has been pr 
impracticable and is now obsolete. To E. A. Sperry the credit is d 
the successful development of the high-intensity arc in its present c - 
mercial form. The fact that it has been found impracticable to operate 
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this arc at less than 50 amps, or in units of less than 20,000 c.p. has confined 
its utilisation to special fields. It is the most ideal source for searchlights 
yet discovered, since its outstanding properties are tremendous brilliancy 
and extreme concentration approaching the point • source. The present 
paper is claimed to be the first attempt at a complete explanation of the 
phenomena involved. In the experiments described the horizontal arc 
is employed, and diagrams are given showing a series of arcs between 
ordinary carbon electrodes for currents of 20. 40, 80. 150 and 300 amps. 
In producing the flame arcs, the positive electrode used consists of a core 
of cerium fluoride and carbon, and the shell consists of a non-graphitisable 
pure carbon, such as produced from a lamp-black base. Carbon arcs and 
ordinary flame arcs change their behaviour fundamentally with large 
currents. The tendency to produce two arc flames, a positive and a 
negative, is present in an obscure form in practically all arcs. In the high- 
intensity arc this phenomenon has been enhanced to a point where the 
two flames are separate and distinct, and each flame performs a separate 
function. The high intrinsic brilliancies obtainable with this type of arc 
are discussed, and the carbide flame has been suggested as an explanation 
for the abnormal brilliancies produced. A. E. G. 

2325. A New Source of Very Short Electromagnetic Waves. A. Glago- 

lewn-Arkadicwa. (Zeits. f. Physik, 24. 3-4. pp. 153-105, 1924.)—Fin© 
metallic filings (brass or aluminium) arc kept in fairly uniform suspension 
in machine-oil by means of a stirrer. Half-dipping in the liquid is a 
rotating wheel which is constantly carrying a mixture of oil and filings on 
its periphery, the rotation ensuring regular renewal. The terminals of an 
induction coil arc placed near the edge of the wheel so that the spark 
passes through tbe surface layer of oil and filings. Waves are given off 
from the filings, the frequency being governed mainly by the dimensions 
of the filings. The energy and wave-lengths have been investigated by 
an interferometer method. The source is at the focus of a parabolic 
mirror, the waves being reflected to two plane mirrors, one of which 
is movable. They are further reflected to another parabolic mirror, at 
the focus of which is a thermo-element. In the usual way, by observing 
the galvanometer deflection and its relation to the movement of one of the 
mirrors, the wave-lengths and relative energies of the components of the 
beam may be found. For example, in one case the wave-lengths varied 
from 40 mm. to 3-6 mm., most of the energy being in the long waves. 
By shielding, the distribution of the energy between the different waves 
may be varied. Figures are given showing the relative transmitting 
powers of substances such as wood, paper, glass, etc. The shortest wave¬ 
length observed is about 0-082 mm. A. A. D. 

2326. A Method of Producing a Square Wave of Padio-Frequency. 
J. L. Bowman. (Phys. Rev. 24. pp. 31-37, July, 1924.)—A radio-frequency 
square wave, suitable for the measurement of the mobility of ions, has been 
obtained by using a circuit containing three vacuum tubes. The first 
tube operates as an oscillator. The potential of the second tube, which 
operates as a rectifier, is controlled by the grid circuit coil of the oscillator. 
The third tube is connected so that the plate current will be cut off during 
the half-period when the rectified current is flowing in the plate circuit of 
tube 2. The rise of the voltage of the square wave is approximately 
exponential, due to the charge on the grid and the plate of tubes 2 and 3, 
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which must be discharged through a resistance which couples the plate 
circuit of tube 2 to the grid of tube 3. A kathode-ray oscillograph tube 
indicates that the voltage rises to approximately its maximum value in 
1/10 of the half-period. A square wave of 120 volts may be obtained with 
Western Electric " E ” tubes. Three methods of amplification are given 
by which a square wave with a very much larger voltage may be obtained. 

Author. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

2327. Dielectric Constants and Chemical Constitution with Organic 
Liquids. E. H. L. Meyer. (Zcits. f. Physik. 24. 2. pp. 148-152, 1924.) 
—Walden’s attempt to explain the varying magnitudes of the absolute 
dielectric constants of organic liquids on the basis of their chemical 
constitution (Zcits. phys. Chem. 70. p. 569, 1910) is not entirely satisfac¬ 
tory. A more complete explanation is furnished if polar carbon atoms 
are regarded as embracing : (1) Carbon atoms with at least two valencies 
saturated by two different atoms besides carbon ; (2) carbon atoms 
linked with a uni- or poly-valent electronegative inorganic substituent, 
the other valencies being united only with carbon. All organic liquids 
with such polar carbon atoms arc dipolar liquids [Abstract 671 (1912)]. 
Liquids with one polar carbon atom in the molecule exhibit comparatively 
high absolute values of the dielectric constants, which vary considerably 
with the temperature. When two or more polar carbon atoms arc present 
in the molecule, the absolute value of the constant and its variation with 
the temperature represent the mean result of several separate actions. 

T. H. P. 

2328. Piezo-electricity and Molecular Asymmetry. R. Lucas. (Comptes 

Rendus, 178. pp. 1890-1892, June 2. 1924.)—J. and P. Curie have stated 
that for a crystal to show piezo-electric properties it must belong to a 
class without a centre of symmetry. Such crystals are those possessing 
inclined hcmihedral faces. On the other hand, optically active crystals 
have neither a plane nor a centre of symmetry. It results that all optically- 
active bodies should give crystals with piezo-electric properties. This 
fact has been verified for a large number of crystals, and no exceptions 
have been found. The piezo-electric method thus furnishes a convenient 
means for deciding problems in crystalline symmetry. A. A. D. 

2329. Behaviour of India-rubber as a Dielectric. J. Villey, P. Ver- 

notte and H. Lacaze. (Comptes Rendus, 178. pp. 1612-16^4, May 12, 
1924.)—If a constant potential difference be maintained between the 
plates of a condenser whose interspace is filled with india-rubber, and the 
current plotted against the time, it is found that the curve obtained fits 
very closely a rectangular hyperbola, the axes of current and time being 
parallel to the asymptotes. When t = 0 this gives the current a finite 
value not capable of direct measurement. When t = <*> a positive value 
is obtained characterising the true ohmic resistance. A construction is 
indicated by which the asymptotes can be obtained from the experimental 
curve; The characteristic constants of the curve vary rapidly with 
temperature. »» * -»• * - * G,A ’ S< 

2330. Electric Conductivity of Flames Containing Alkaline Salts. A. 
Pontremoli. (Accad. Lincei, Atti, 33. i. pp. 223-227, March IC, 1924.) 
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—Mathematical treatment of the hypothesis (H. A. Wilson) that in a 
flame containing an alkaline salt there is thermic equilibrium of ionisation 
between this salt and a product of combustion pertaining to the flame. 
It is possible theoretically to determine the effective value of the electric 
conductivity, in a region where Ohm's law applies, in terms of the tempera¬ 
ture of the flame and of universal and atomic constants. A. D. 

2331. Electric Conductivity in Binary Metallic Alloys. M. Pirani 

and J. Runge. (Zeits. f. Metallkunde. 16. pp. 183-185, May. 1924.)— 
The conductivity can be computed for a case in which the one component 
is enclosed within the other in the form of cylinders or of spheres (Rayleigh, 
Stepanow). The formulae are applied to particular experimental cases. 
Similarly, the influence of a superficial separation of one of the components 
can be investigated. This points the way to a theoretical prediction of 
the conductivity of a binary alloy. A. D. 

2332. Metallic Conductivity. E. Kretschmann. (Ann. d. Physik, 

74. 3. pp. 189-215, May, 1924.)—Debye showed in 1911 that we could 
not neglect the mutual action of the conduction electrons (Coulomb’s 
law) in comparison with the action of the atoms upon these ; but he 
arrived at an expression for the metallic conductivity containing 
{v^/'/zmi 2 + Auira\)) as a* factor, where /z is the number of atoms and 
v the number of free electrons per unit volume, a is the sum of the radii 
of an atom and an electron, and a, is the radius of an electron ; and this 
expression has a finite value when /z ™ 0. whereas it should in that case 
be infinite. The author envisages a crowd of free electrons, such that the 
influence of other electrons may be neglected in comparison with that 
of the atoms. The movements are irregular, and the evaluations are 
statistical. The spontaneous decay measures the resistance. On these 
lines general expressions are arrived at for electrical conductivity under 
any unspecified velocity-distribution of the electrons : velocity-distribu¬ 
tion is deduced from the radiation laws for A « to ; the velocity-distribu¬ 
tion laws arc deduced for single molecules ; an example is w'orked out ; 
and harmony is shown to exist between the general expressions arrived 
at and the radiation and velocity-distribution laws, from which, conversely, 
the general expressions may be deduced. A. D. 

2333. Electrical Resistance of Aggregates. K. Lichtcnecker. (Phys. 
Zeits.'25. pp. 169-181. April 15.. 193-204, May 1. and pp. 225-233, 
May 15, 1924.)—The author treats of a rigorous analytical method of 
setting comparatively close limits to the resistivity of an artificial two- 
dimensional aggregate, in terms of the resistivities of its constituents. 
The previous method of assuming either an arithmetic mean resistance or 
an arithmetic mean conductivity gave limits many times more widely 
separated. 

It is shown that there arc two pairs of such limiting values in every 
case, according as the better or worse conductor is regarded as the 
" inserted " substance. General expressions are w’orked out for these 
limits, assuming (a) different shapes of inserted particles (square, circular 
and elliptical), (b) various orientations of these with reference to the direc¬ 
tion of the current, (c) different lattice arrangements. These are evaluated 
numerically for selected cases. The surprising result is found that these 
narrow limits, and therefore also the true value included by them, depend 
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hardly at all on the shape, orientation and arrangement of the particles. 
The means of the four limits agree with one another to 1 part in 1000 
in every one of the six cases investigated. For circular enclosures 
the values of the four limits are calculated as a function of the relative 
volumes occupied by the constituents for various ratios of their resistivities. 
They are given in tabular form, and also graphically to enable comparison 
to be made with previous limits deduced by Guertler. The recent measure¬ 
ments of W. Esmarch, using the method due to Benedicks, are shown to 
yield values in excess of those theoretically possible, although the 
discrepancies here are less than in the original measurements of Benedicks. 

A general expression is found for the resistivity of a two-dimensional 
aggregate with given volume ratios and resistivity ratios for the constituents. 
This expression satisfies the demand that resistance and conductivity 
should be capable of being worked out similarly and with the same degree 
of reliability. The expression in question is a = where a is the 

resistivity of the aggregate. o\ and cr 2 the resistivities of the constituents, 
and 0 is the fraction of the volume occupied by the constituent 1. The 
values given by this expression are not only never in contradiction with 
the results of the exact analysis, but dovetail excellently into them in that 
for various values of the ratio ct,/o 2 . and through the whole range from 
0 = 0 to 6 * I. they lie accurately in the middle of the very narrow 
interval of overlap of the ranges for ” better Conductor inserted " and 
” worse conductor inserted.” The above formula can also be written 
logo *■ 6 log <j, + (1 - 0 ) log<7 2 . and may be expressed by saying that 
the logarithm of the resistivity of the aggregate is found by mixing in 
proportion to the respective volumes occupied by them the logarithms of 
the constituents. 

The analytical and numerical working out of the four limiting values 
is also done for the case of a three-dimensional, i.e. a solid aggregate, 
and the general formula is adapted to this case also. The values found 
from these considerations agree within the limits of experimental error 
with the results of Matthicssen’s experiments on five different alloys free 
from compound crystals. The present results also agree to 1 part in 
500 with the values for similar aggregates worked out by the author in 
1909 by quite a different method. 


G. A. S. 


2334. Conductivity of Electrolytes under High Frequencies. J. 
Granier. (Comptes Rendus. 178. pp. 1520-1522, May 5, 1924.) n 
eliminating causes of error, it was found that there was no appreciable 
change in the conductivity at high frequencies ; the electrolytic resistance 
appears even under exceedingly small displacements of the ions. A. u. 

2335. A New Type of Electrometer. B. Szilard. (Comptes Rendus, 
178. pp. 1887-1890. June 2. 1924.)—The paper describes the construction 
and operation of a new type of electrometer of robust construction and 
high sensitivity. The instrument is of the pointer tj'pc, thus requiring 
no optical arrangements, and does not need a high-voltage b *J t * ery- 
Briefly, the essential parts consist of (1) a light needle suspended by a 

bronze strip so that it can move over a uniformly divided scale ; (2) two 
pairs of fixed sectors, one above the .other, between which the needle can 
oscillate. The sectors are joined electrically, and are mounted on an 
insulating support ; they are charged by induction from a small frictiona 
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machine, a small cylindrical condenser serving to regulate the voltage to 
which the sectors are charged. 

The instrument can be used for the same purposes as the quadrant 
electrometer, but is much less troublesome in use. It is portable, and 
requires none of the usual laboratory auxiliaries. The capacity of the 
electrometer is 9 e.s.u. when used heterostatically, and varies between 
9 and 16 e.s.u. when used as an electrostatic voltmeter, being capable of 
adjustment by means of the variable condenser. The needle is about 
100 mm. long, and the scale of 300 divisions covers 150 mm.; the voltage 
sensitivity is about 1 volt per division, with the sectors charged at 200 volts. 
Currents of the order of 10“ 12 amps, can also be measured. The period 
is about one second. A sectional plan of the electrometer is given, and 
a number of practical applications are suggested. B. H. 

2336. Theoretical and Experimental Study of the Fluxmetcr. G. 
Darmois and G. Ribaud. (Ann. de Physique. 1. Ser. 10. pp. 173-212, 
March-April, 1924.)—This paper is a full theoretical treatment of the 
modern form of Grassot fluxmeter. in which the moving coil is supported 
on pivots instead of being suspended 
by a cocoon silk fibre. In addition 
to the ordinary use of the instru¬ 
ment as a fluxmetcr. its use for the 
measurement of time intervals is 
dealt with. In this a shunt S to the 
fluxmeter F forms the diagonal of 
a balanced Wheatstone bridge. If 
Kj is broken the needle begins to 
move, and its motion ceases when K.> 
is also broken. The angle turned 
through by the needle is according 
to the approximate theory propor¬ 
tional to the interval of time elapsing 
between the breaking of K| and I< 2 . 

For a p.d. of the order 1 volt at the 
shunt terminals the needle traverses the whole scale in 0-01 sec., and the 
time of traverse varies inversely as the applied p.d. The effect of air 
resistance, pivot friction, lack of balance on the indications of the instru¬ 
ment arc investigated theoretically, and experimental methods described 
for determining the magnitude of the couples due to these several effects 
in any instrument. The performance of three fluxmeters with different 
values for these couples are compared with theory and the relative errors 
discussed. 

The effect of the magnitude of the non-inductive resistance and the 
inclusion of self-inductance in the circuit of the fluxmeter coil are also 
treated. L. L. 

2337. Electrostatic Oscillograph. E. Pugno-Vanoni. (Elettrotecnica, 
11. pp. 388-300, June 15. 1924.)—The instrument consists of two phosphor 
bronze strips carrying a small mirror, as in the Duddell oscillograph. 
The strips are connected together and arranged between two pairs of 
deflecting plates so connected that the strips are deflected in opposite 
directions. The tension of the strips can be adjusted, and the whole 
instrument is immersed in oil. There are two ways in which the inslru- 
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ment can be used, either with the strips connected to one pair of the 
plates, giving a quadratic scale, or with the strips raised to a constant 
high potential by an independent battery, which gives a linear scale. The 
instrument is primarily designed for recording the form of the voltage 
curve of the supply to Rontgen-ray tubes. In general, it is then necessary 
to reduce the applied voltages by suitably arranged liquid resistances. 
For certain alternating current applications condensers can also be used 
for reducing the potentials actually applied to the instrument. A. Wh. 


2338. The Determination of the Specific Inductive Capacities of Ceramic 
Materials. A. Burmester. (Archiv f. Elektrot. 13. pp. 146-152, March 
31. 1 *>24. From the Reichsanstalt.)-The material under test is made 
in the form of a cylinder with a hemispherical end, the other end being 
open. The outside is coated with copper foil nearly to the top, then there 
is a gap, and finally more copper foil. This latter serves as a guard ring. 
The inner coating is provided by filling the vessel with water. The capacity 
of this condenser is compared by a bridge method with that of a standard 
air-condenser. The capacity of an air-condenser similar to the one under 
test can very easily be calculatcd from the dimensions, and so the specific 
inductive capacity of the material can be found. The hysteresis loss 
can also be measured for different frequencies. Typical results for one 
or two materials are given. A * A ' ’ 

ALTERNATING CURRENTS AND MAGNETISM. 


2339. Definition of Apparent Power and Power-Factor in Polyphase 
Circuits. H. Sobering. (Elekt. Zeits. 45. pp. 710-712, July 3 - ,9 ‘ 4 > 

—After a brief review and criticism of the various proposed definition 
of apparent power, the author suggests that the following definitions might 
with advantage be adopted, subject to the proviso that both voltages 
and currents are of pure sine form. Let N - true power ; N 6 = wattless 
power (both of which arc directly measurable) ; then apparent power 

«= Vn 2 + Njf; power factor = \/Vl + (N*/N)*. and " wattless factor ’* 
c= \lV\ + (N/N*)*. If the current wave only is distorted—but not 
excessively—the above definitions practically hold good, since the lug icr 
harmonics of the current wave do not contribute towards the true power, 
and only slightlv affect the r.m.s. value of the current. If the voltage 
wave is distorted, but the current proportional to the voltage, the ai>o%e 
definitions must be applied separately to each simple harmonic component 
the sum of the component powers gives the total ^ue power and the 
sum of the wattless powers the total wattless power. Lastly if thevoltage 
wave is distorted and the current is not proport.onal to the '•ol age. ' 
definitions must be regarded as only more or less rough approximation.. 
and must be used with caution. 

2340 New Theory of General Alternating-Current Circuit. S. Fryze. 
(Elekt Zeits. 45. pp. 677-681. June 26, 1924.)* A highly condensed accoun 
of a new method of attacking the problem of the general alternabng-cu t 
circuit, which aims at a higher degree of generality than has hit 
been attained. If W denotes any vector quantity (voltage, cur " ; 

' in such a circuit, it may be exhibited in the form W = CJ N. anjI it y 
be shown that: fa) N is a function of the various impedances composing 
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the circuit which has the same value for all vectors W. and in which the 
various impedances occur in the first power only ; (b) C w is a function of 
the impedances and e.m.f.'s in which both occur in the first power only ; 
(c) the e.m.f.’s occurring in C* never form products with each other. Tor 
a circuit containing k variable impedances and p variable e.m.f.’s we may 
therefore write W = F u .(Z r , Z y .... Z*; E„. E P .... E,)//(Z„ Z y ... Z*). and this 
relation is termed the first fundamental equation of the circuit by the 
author. It may also be shown that for such a circuit of k + p variables 
any vector W may be expressed in terms of the other vectors W i> 
Wo . . . W h+p in the form W = C, + AjWj + A 2 W 2 + . . . + A* + ^V* + />, 
where C w . A lf Ao . . . are constants. This relation is termed the second 
fundamental equation by the author. The use of these equations is 
exemplified. . The author draws attention to the fact that in the case of 
circuits containing more than one variable it is impossible to determine 
the constants by means of the no-load and short-circuit tests only (contrary 
to la Cour’s assumption). A. H. 


2341. Alternating Current in Massive Iron Conductors. K. Zickler. 
(F.lekt. Zeits. 45. pp. 050-051, June 19. 1924. Elek. u. Maschinenbau, 
42. pp. 31)1-303. June 22. 1924.)— It is shown that the formula given by 
Rosenberg (Abstract 299b (1924)1 does not represent the experimental 
facts relating to the loss of energy when alternating current Hows through 
iron conductors. The results arc better represented 
by the writer. 

2342. The Alternating-Current Resistance of Single-Layer Coils. S. 

Butterworth. (Phys. Rev. 23. pp. 752-755. June. 1924.)—In a previous 
paper (Abstract 205 (1922)1 a formula was derived which involved a 
function u H whose values were given only for coils with a length b not 
greater than the diameter 2a. Values arc now given for longer coils 
with values of b/2a from 1 to oc . The original formula is also modified 
to include closely wound coils by the introduction of new coefficients whose 
values arc given for various ratios of the wire diameter d to the wire spacing 
D. Comparison of computed values with measurements made by Hickman 
for coils with b/2a between 3 and 12, shows for the original formula a 
maximum discrepancy of + 30 per cent, (instead of 300 per cent , as given 
by Hickman), and for the modified formula an average difference of only 
-f 7 per cent. (calc. — obs.). Author. 


by equations developed 

A. A. I>. 


2343. Campbell's Driving-point Impedance Theorem. R. M. Foster. 
(Bell System Tcchn. J. 3. pp. 259-267, April, 1924.)—The driving-point 
impedance of a network is defined as the ration of an impressed e.m.f. 
at a point in a branch of the network to the resulting current at the same 
point. 

Campbell’s theorem was stated by him (ibid., Nov., 1922) without 
limiting it, as should have been done, to cases in which there is no disper¬ 
sion. He gave no proof, and the present author has supplied one based 
upon the solution of the analogous dynamical problem of the small 
oscillations of a system about a position of equilibrium, in the absence 
of friction. The theorem is as follows: The most general driving-point 
impedance obtainable by means of a finite resistanceless network is a 
pure reactance which is an odd rational function of the frequency pplrr, 
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and which is completely determined, except for a constant factor, by assign¬ 
ing the resonant and anti-resonant frequencies, subject to the condition 
that they alternate and include both zero and infinity. Such an impedance 
is physically realisable, provided the resistances can be made negligibly 
small, by a network consisting of a number of simple resonant circuits 
(with inductance and capacity in series) in parallel, or a number of simple 
anti-resonant circuits (with inductance and capacity in parallel) in series. 
The variation of the reactance with frequency is shown by curves for 
several simple circuits. G. W. de T. 

2344. The Auto-Transformer and Impedance as a Tensor. W. H. 
Ingram. (Phil. Mag. 47. pp. 1092-1095, June. 1924.)—In. a recently 
published note [Abstract 507 (1924)] the author has given-a formula for 
the step-down auto-transformer which showed that the secondary terminal 
voltage will be independent of the exciting current when a certain ratio 
exists between the self-impedances of the two windings into which the 
auto-transformer is divided by the tap. It is here shown that a similar 
phenomenon may be exhibited in the case of a transformer having a tapped 
primary, or. what is the same thing, a step-down auto-transformer having 
a metallically independent tertiary. 

The author points out that impedances are tensors, and when defined 
as such enable the " symbolic ” method to be established upon a purely 
vector basis. The tensor components of Z may be obtained from the 
work theorem for the most general simple circuit having lumped constants. 

G. W. de T. 

2345. Jumping Phenomena in Ferro-resonance. Y. Watanabe. 
(Inst. El. Eng. of Japan. J. No. 427. pp. 197-198, Feb., 1924.) 

2346. Potential Energy in Magnetic Circuit containing Imperfectly 

Polarisablc Material. L. Lombardi. (Accad. Lincei, Atti,33.i. pp. 117- 
121, Feb. 17. 1924.)—Commentary on Perrin's results [Abstract 996 
(1924)] and extension by taking into account the work necessary to bring 
the magnetic material from a neutral state to the final state and the 
amount of this which is stored up as potential energy. This may give 
rise to considerable heating. A so-called permanent magnet is not 
permanent unless the magnetic conditions remain unchanged, as in the 
absence of disturbing fields, internal or external. D - 

2347. The Magnetostriction of a Magnetite Crystal. C. W. Heaps. 

(Phys. Rev. 24. pp. 60-67. July. 1924.)—Magnetostriction of an octagonal 
magnetite crystal along three axes was measured in fields up to 5000 gauss. 
The curves obtained are all similar in form, first convex towards the 
H axis, then concave, tending towards a maximum near 5000 gauss^. 
With a longitudinal field of 5000 gauss, the digonal axis expands 30(10) “ 
per cent., the trigonal axis 12( 10) — 4 per cent., and the tetragonal axis 
contracts about 4(10)- 4 per cent. With an equal transverse fiel< ? “ e 
percentage changes area contraction of 44 ( 10 ) ~ 4 , a contraction of 28 ( 10 ) . 

and an expansion of 4(10) “ 4 , respectively. Tests indicated that the effect 
perpendicular to a plane is independent of the direction of the field in 
that plane. No departure from cubic symmetry was established. To 
explain these results a model of the magnetic element in magnetite is 
suggested, similar to Ewing’s recent model. The experiments favour tne 
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view that the rotating magnetic element is a group of non-parallel electron 
orbits inside the atom. 

Permeability of a magnetite crystal was roughly determined to vary 
from 1 • 2 to 1 • 38 as the field strength increased to 5000 gauss. Author. 

2348. Furnace Permeameter for Alternating-Current Measurements at 
Small Magnetising Forces. G. A. Kelsall. (Optical Soc. of America, 
J. and Rev. Sci. Inst. 8. pp. 660-674. May. 1924.)—The furnace permea¬ 
meter described consists essentially of a permeameter of a type forming 
the subject of a previous paper [see Abstract 1583 (1924)], with the addition 
of an annular electric furnace immediately surrounding the sample under 
test and suitably heat-insulated from the other parts of the instrument. 
The permeability of ring samples for small magnetising forces at telephonic 
frequencies can be measured without the necessity of winding magnetising 
coils upon them. The range of working temperature available is from 
- 190° C. to 1000° C. By making the transformer core of high perme¬ 
ability material and of a mass many times larger than that of the sample 
to be tested, the magnetising force at which the sample is tested can be 
kept very nearly constant when a constant current is sent through the 
primary, notwithstanding the large variations in the permeability of the 
sample which frequently occur with temperature changes. A. B. C. L. 

2349. Hysteresis Loss in Asymmetrical Cycles. M. Paris. (Elettro- 
tccnica, 11. pp. 370-376. June 5. 1924.)—The asymmetry of any cycle is 
defined by the expression \ “ (®i + B ^)/-B,. where B| and B 2 are the 
values of the induction at the ends of the cycle, near and remote from 
the origin respectively. The object of the research is to discover the 
relation between the degree of asymmetry, *. and the hysteresis loss. 
It has previously been shown that the loss lor asymmetrical is higher 
than that for symmetrical cycles. It is now discovered that for very 
slight asymmetry the loss is reduced, the effect being small. For the 
measurement both ballistic and watt-meter methods are used. A. Wh. 

2350. Law of Magnetic Pull. T. Lehmann. (Rev. Gin. d*£l. 16. 

pp. 61-58, July 12, and pp. 99-103, July 19, 1924.)—A mathematical 
paper in which the author vindicates the formula previously deduced by 
him against the criticism of A. Lienard [see Abstract 308u (1924)], and 
solves the problem of finding the pull on a tooth or salient pole for the 
case in which the permeability is a function of H. Errata, ibid., p. 368, 
Aug. 30, 1924. A. H. 

2351. Historical Notes on (a) The Compass, (6) The Holding Capacity 

of a Vessel at Different Distances from the Centre of the Earth. E. Wiede¬ 
mann. (Zeits. f. Physik, 24. 3-4. pp. 166-168, 1924.)—The first note deals 
with a work of al Maqrizi (1364-1442), in which he describes a " magnetic 
fish." This is a hollow iron vessel shaped like a fish, which is magnetised 
by a lodestone and then floated on water. The second note deals with 
an argument of al Charaqi (about 1139) relative to the holding capacity 
of a vessel at different distances from the centre of the earth. iSee also 
Abstract 1233 (1923).] A. A. D. 
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CHEMICAL PHYSICS AND ELECTRO-CHEMISTRY. 

2352. Destruction of Carbon Disulphide by Ultra-violet Rays . G. 

Bruhat and Pauthenier. (Comptes Rendus, 178. pp. 1536-1538, 
May 5, 1924.)—Light from the mercury arc decomposes carbon bisulphide 
with liberation of sulphur. The visible spectrum is without action, even 
on prolonged exposure, and the first ray with appreciable effect has 
A — 366/i/i. The phenomenon is related to the absorption of the carbon 
bisulphide, and is being investigated quantitatively. T. H. P. 

2353. The Complexity of the Elements. Part /. Elements of Odd Atomic 
Number. A. S. Russell. (Phil. Mag. 47. pp. 1121-1140, June. 1924.) 
—The mass-numbers of elements which are not radio-active are deduced 
by analogy from the radio-active elements and deductions from the 
properties of these elements, assuming the disintegration series postulated 
previously by the author [see Abstract 285 (1924)]. The complexity of 
the elements appears to vary periodically with the atomic number between 
39 and 83, the period being atomic number 16. Of the odd elements the 
following should be simple: 1. 7, 11. 17. 23, 27. 33. 39. 43, 45. 49, 53, 
55, 59, 61, 65. 69. 71. 75. 77. 81. 87. 91 ; probably also 57. 79, 83. The 
following should consist of two isotopes: 3. 19. 31, 35. 41. 47. 51, 63. 67, 
73, and 89. No conclusion is arrived at with regard to the remaining 
numbers. The mass numbers belonging to even and odd elements are 
deduced, and groups of missing mass-numbers calculated. The theo¬ 
retically deduced mass numbers for the elements arc compared with 
the available experimental data of Aston, and any discrepancies discussed. 

B. W. C. 

2354. A Paradox in Corrosion. U. R. Evans. (Chem. and Met. 

Eng. 30. pp. 949-953. June 16. 1924.)—It has been shown that the corrosion 
of metals in chloride solutions in presence of oxygen is electro-chemical in 
character, being related to currents flowing between the aerated and 
non-aerated parts of the surface. The latter or inaccessible places become 
anodic, and attack is concentrated at these points, thus producing pitting 
or deep local corrosion [see Abstracts 824 (1917). 237 (1923)]. The currents 
referred to may be due to the whole aerated area being ennobled by a 
thin protective film, and thus acting as kathode, or to the" nobler par¬ 
ticles " alone of the aerated area acting as kathodes in the first instance. 
The former view is supported by the observation that a current is set 
up when one only of two electrodes of the same material (zinc, cadmium, 
or lead), placed in a divided cell, is aerated, provided that the solution 
is one that allows of the production of an insoluble film over the aerated 
surface. On the other hand, in a potassium chloride solution containing 
acetic acid, where no oxide-film could be produced by aeration, little or 
no aeration current is obtained with pure lead or cadmium unless the 
electrodes in each compartment are joined to a nobler metal, copper , 
contact with the latter greatly increases the current. ev£n where this could 
be produced without it. The conclusion is drawn, therefore, that current 
may be produced in both ways. T. H. P. 

2355. Passive Tin. R. Steinherz. (Zeits. Elektrochem. 30. pp. 279- 
286, June, 1924.)—Previous work on this subject is reviewed, and the 
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results are given of the study of the passivity of tin in sulphuric, hydro¬ 
chloric, hydrobromic, hydriodic, and hydrofluosilicic acids of various 
concentrations by means of current-potential measurements. The 
" critical ” potential is found to be a function of the concentration of the 
acid, and it is shown that the dark coating of the passified metal cannot 
be regarded as the cause of the passivity. The anion of the acid appears 
to exert a specific influence on the passivity. Although movement of the 
metal does tend to render more difficult the attainment of passivity, 
yet it is possible to make rapidly rotating tin electrodes passive, lioth 
in the active and in the passive condition tin appears to dissolve as a 
divalent metal. T. H. P. 

2356. Tammann's Limit in the Solubility of Alloys. G. Borelius. 

(Ann. d. Physik. 74. 3. pp. 216-230, May. 1924.)—Tammann found, for 
example, that an alloy of gold and silver was not attacked by nitric acid 
until the silver presented .a percentage of 50, and came to the conclusion 
that the atoms of gold and silver were arranged in regular structure. The 
author finds that this conclusion is unfounded, and that the observed 
facts can be equally well explained, at least qualitatively, by a fortuitous 
distribution of the atoms. A. D. 

2357. Oriented Wedge Theory of Emulsions. W. D. Harkins and 

E. B. Keith. (Science, 59. pp. 463-467, May 23. 1924.)—The criterion 
is that the molecules in the surface-film arc oriented so as to give the 
maximum lowering of surface energy ; then the film of oriented molecules 
serves to stabilise the droplet (sec Abstract 1083 (1917)). A certain 
amount of ionisation will occur ; the film will be negatively charged ; 
the potential is about — 0 060 volt. Hydrolysis also affects the results. 
The addition of NaHO reduces this, reduces the size of the drops, and 
alters the potential to - 0 045 volt. Langmuir attributed the stabilising 
shape of the surface molecules to the adsorption of OH on the COOH 
group of oleic acid, lying externally ; Harkins. Davies and Clark to the 
form of molecules of sodium oleatc. Recent work has confirmed the 
latter view ; but the shape of the molecules of soap is not the only factor, 
for we have staggering or bending of molecules in the film, the presence 
of oil between the hydrocarbon chains, the presence of acid or acid salt, 
and of oleatc ions in the film. An array of facts is collated which lead to 
a more comprehensive theory of emulsions than has been developed hereto¬ 
fore. This will be presented in connection with a scries of papers which 
will include measurements on cataphorcsis, on surface energy, and other 
factors. A. D. 

2358. Colloid Science and Technics. W. Ostwald. (Zeits. Vercines 

deutsch. lug. 68. pp. 481-484, May 17, 1924.)—The scientific basis of the 
study of colloidal substances, the different types of colloids, the alteration 
in properties of a substance on subdivision, the physical and chemical 
behaviour of colloids, and the influence of colloidal changes on technical 
processes are discussed. T. H. P. 

• 

2359. The Conductivity of Aqueous Perchloric Acid. E. Linde. 
(Zeits. Elektrochem. 30. pp. 255-269, June, 1924.)—The conductivity of 
aqueous perchloric acid, plotted against the concentration of HC1G 4 
in the solution, shows a maximum value with 37 per cent. HC10 4 at 
25° C. No change in direction of the curve is indicated at points corre- 
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sponding to the hydrates HCIO 4 . H 2 0 ; HCIO 4 • 2H 2 0 ; HC10 4 .3H 2 0. 

The ionic concentration J. which is given by J == -A. . 77 . N (where 

V = viscosity ; N = normality of solution) plotted against the concentra¬ 
tion. increases regularly until the point HC10 4 3H 2 0 is reached, then 
falls off to HC1(> 4 .2H 2 0. and finally rises slowly to HC10 4 . H 2 0. The 

curve for the dissociation coefficient a = . rj shows points of inflection 

A. 

corresponding to the existence of these hydrates. The value of the 
temperature coefficient for solutions of various strengths is determined 
between 25° and 50° C. B. W. C. 


2360. Conductivity and Ionisation 0 / Solutions of KI in Nitromethane. 
J. C. Philip and H. B. Oakley. (Chem. Soc„ J. 125. pp. 1189-1195, 
May, 1924.)—Solutions are examined at 0 ° C., 25°, 40°, 55°. 70°. 85°, and 
up to the dilution Y — 10.000. The degree of ionisation, as measured 
by the conductivity ratio, decreases steadily with rising temperature, in 
agreement with what has been found for aqueous salt solutions. The 
equivalent conductivity at infinite dilution is very nearly proportional 
to the fluidity /. or. exactly, to / u 05 . The temperature-coefficient of the 
conductivity increases with the dilution ; 0 013 for N /100 and 0 014 to 
0 015 for N/800. A. D. 


2361. Diffusion of Molecules and Ions into the Solution of Another 
Substance and the Retarding Action of this Solution. I. D. G 6 tz and 
G. P. Pamfil. (Zcits. phys. Chem. 109. 3-4. pp. 165-182, 1924.)—The 
experiments here described were made with the object of ascertaining 
the relative retarding effects of the solution of a strong electrolyte and of 
the solvent towards the motion of particles having magnitudes of the 
same order as ions. To this end measurements were made of the velocities 
of diffusion of potassium permanganate, ferric chloride, and eosin-blue 
into aqueous solutions of various concentrations of various salts. The 
apparatus used was so designed as to eliminate many of the sources of 
error usual in the measurement of diffusion. 

The extent to which the movement of the diffusing substance is 
retarded is independent of the character of such substance. The velocity 
of the diffusing substance diminishes pan passu with the equivalent 
conductivity of the dissolved strong electrolyte, so that the decrease in 
the equivalent conductivity of a dissolved substance with change in its 
concentration is solely a result of an increase in the frictional resistance 
of the solution. That being the case, the hydration of the different ions 
of the dissolved substance must be independent of its concentration, and 
the molecules of strong electrolytes, even at considerable concentrations, 
must be completely dissociated. The results obtained are expressed by 
the equation. A* x r c = A^ x r x = constant, where A* represents the 
equivalent conductivity of a strong electrolyte in aqueous solution of 
concentration c and r c , the absolute viscosity of such solution. T. H. P. 

2362. Fatigue of Metals. H. F. Moore and T. M. Jasper. (Univ. 
of Illinois Eng. Exp. Sta., Bull. No. 142 [86 pp.]. May 26, 1924.)—Records 
the progress of the investigation, organised in 1919 ; constitutes the third 
report, and contains a modification and extension of the theory that 
fatigue failures in metals start from slip planes within the crystalline 
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grains. In the case of wrought ferrous metals, retests of specimens which 
have withstood millions of cycles of stress without failure, showed an 
increase of resistance to further repeated stress, thus giving additional 
evidence of the existence of an endurance limit. Repeated stress at or 
below the original endurance limit raises the limit, whereas a few cycles 
above this limit lowers it. A specimen injured by such overstress may 
have its strength partly restored by polishing its surface or by repeated 
stress below the endurance limit. The static strength is also increased 
by the same means. Under cycles of completely reversed axial stress, 
the endurance limits obtained averaged 64 per cent, of those obtained 
under cycles of reversed flexural stTess. The effect of the direction of 
Tolling on the endurance limit is similar to that on the static tensile 
strength. The endurance limit and static strength of very low carbon 
steel are raised appreciably by water quenching from 1500° F. The 
endurance limit for cycles of reversed shearing stress is about 53 per cent, 
of that for cycles of reversed flexure. For flexural stress and for axial 
tensile stress the equation S/— S_|(r — 3)/2 gives safe values for endurance 
under cycles of partially reversed stress or of stress varying from zero to 
a maximum. In the equation S r is the tensile unit stress at the endurance 
limit for the range of stress represented by r ; S_ ( is the same for completely 
reversed stress; and r is the ratio of minimum to maximum for a cycle 
of stress. For shearing stress the endurance limit for cycles varying from 
zero to a maximum stress is nearly twice that for cycles of completely 
reversed stress. Preliminary tests on specimens of annealed non-ferrous 
metals have not yet determined that these have an endurance limit; if 
such a limit exists it may be necessary to carry fatigue tests to hundreds 
of millions of cycles of stress in order to determine it. It seems probable 
that short time tests for determining endurance limit by rise of tempera¬ 
ture of a specimen subjected to cycles of reversed stress, or from the 
load-deflection diagram for a rotating !>cam. determines the beginning 
of appreciable slip within the crystalline grains rather than the beginning 
of fatigue fracture. These short time tests seem safe for wrought ferrous 
metals with a Drinell number less than 375 and reasonably free from 
inclusions or flaws, but cannot be considered safe for cast or for non- 
ferrous metals. [See Abstract 1195b (1923).] C. O. B. 

2363. The Alteration of the Vibration ( Acoustic) Figures of /foiled Plates 

after Ifecrystallisation. E. Schrdder and G. Tammann. (Zeits. f. 
Metallkundc, 10. pp. 201-206. June. 1924.)—The present investigation 
is intended to supplement the very scanty means of testing the clastic 
behaviour of worked metals, and for this purpose acoustic methods have 
been examined on analogy with ceramic testing. The historical vibration 
figures of Chladni are briefly described and applied to the cases in hand 
with excellent results. Circular discs of the metals copper, zinc, and 
aluminium bronze have been used in the experiments before and after 
rccrystallisation. and the various Chladni figures obtained. Experi¬ 
mental details are included with thirteen diagrams, from which important 
conclusions as to the elastic behaviour of these metals during the various 
stages of working are drawn. The method promises to be of great 
utility. H. H. Ho. 

2364. The Use of Boron in Cast Copper. Weintraub. (Soc. Franc. 
Elect., Bull. 4. pp. 229-230, March, 1924.)—A reply to criticisms made 
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by Guillct [see Abstract 1560 (1924)] on the use of boron for deoxidising 
copper. He suggests that sub-oxide of boron is preferable to the carbide, 
though, owing to price, the latter is frequently employed. The product 
obtained by the reduction of sodium borate and aluminium is quite 
unsuitable. J L H 

2365. Metallography in Polarised Light. L. C. Glaser. (Zeits. 
techn. Physik, 5. 6. pp. 233-260. 1924.)—The various methods of employing 
polarised light for metallography arc described and discussed. The methods 
available are :— 

Qualitative. —(I) Investigations with crossed Nicols. (2) Investiga¬ 
tions with crossed Nicols and retardation plate or wedge. 

Quantitative. —(1) The method involving the use of the Savart plate. 
12) A photometer method due to the author. 

The details of the various optical arrangements arc given, and coloured 
photographs of phosphor-bronze, phosphor-tin alloys, taken in polarised 
light, are shown. By means of the photometric method it is possible 
to determine the reflection constants and the anisotropic properties of 
the various constituents of an alloy. 1\ J. B. 

2366. Electrical Steel Testing. B. Kjerrman. (Zeits. Vereines. 
deutsch. Ing. 68. pp. 629-631. June 14. 1914.)—The determination of the 
constituents of iron and steel and their influence upon the ultimate proper¬ 
ties of the metal by electrical means is described. The method, due to 
B. D. Enlund, renders it possible to determine the other elements present • 
in steel, especially carbon and silicon, and to classify the material according 
to its mechanical properties by means of measurements of electrical 
resistance. By means of a sample rod. cast into a mould or rolled from 

a test piece, the progress of the refining of steel can be followed. The 
relationship between the composition, resistance and mechanical properties 
is illustrated by examples. A method for the determination of the transi¬ 
tion points of steel is described, in which the transition points arc deter¬ 
mined by changes in resistance. The operation is carried out in an 
atmosphere of inert gas, and has the advantage of being rapidly completed. 

F. J. B. 

2367. The Photochemical Decomposition of Monochlor - and Monobrom- 
acetic Acid and the Einstein Law. E. Rudberg. (Zeits. f. Physik, 24. 
3-4. pp. 247-263, 1924.)—In this paper experiments are described which 
demonstrate the relation between the chemical reactions and the number 
of absorbed quanta when monochlor- and monobrom-acetic acid are 
decomposed in solutions in water under the action of ultra-violet light. 
The photometric decomposition of monochlor-acetic acid takes place in 
light of 253-6 m/z, according to the Einstein law. The limit of efficacious 
rays on the side of greater wave-lengths lies between 266 and 313 nip. 
The decomposition of monobrom-acetic acid does not obey the equivalence 
law under the same conditions. The light begins to be active in this 
case between 266 and 313 mp. The molar extinction coefficient for 
253 -6 mp is about 125 times greater than with chlor-acetic acid. A. E. G. 

2368. Potential Difference between Air and a Solution. A. Frumkin. 
(Zeits. phys. Chem. 109. 1-2. pp. 34-48. 1924.)—The production of poten¬ 
tial-difference between air and a solution of an inorganic electrolyte is 
determined by the adsorption of anions. The adsorbability of anions is 
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greater the smaller their affinity for water (their adsorption-energy). 
Acids take a greater charge than the corresponding salts. The results 
of electrometric measurements agree completely with those of surface- 
tension measurements in aqueous solutions. The salts which give the 
greatest charge on the water-surface raise the surface-tension least, and 
crowd most into the superficial layer. A. D. 

2369. The Standardisation of the Sign of Electric Potential. A. VV. 

Porter. (Faraday Soc.. Trans. 19. pp. 703-704, March, 1924.)—Sugges¬ 
tions to avoid confusion. • 

2370. The Free-Energy and Heat-Content of Arsenious Trioxide and 
the Reduction-Potential of Arsenic. R. Schumann. (Am. Chcm. Soc., 
J. 40. pp. 1444-1449, June, 1924.)—The e.m.f. of the cell 

As(s) + As 2 O 3 (s)/HCIO 4 (0-22 - 0-94M)/H 2 (l atmosphere), 

measured at 25° and 45° C., is found to be — 0-2340 and — 0-2250 
volt respectively. From these values the free-energy of arsenious 
trioxide (octahedral), referred to crystalline metallic arsenic, is found 
to be — 137,300 cal. The heat-content is found to be — 153,800 cal. 

It is concluded that the arsenic is in solution as HAsOg. and the molal 
electrode or reduction-potential calculated for the reaction 

As +-2H 2 0 + 3© =» HAsOj + 3H + 

is found to be — 0-2375 volt. B. W. C. 

2371. Electromotive Properties of Glasses. H. Schiller. (Ann. d. 

Physik, 74. 2. pp. 105-135, May. 1924.)—In strong fields counter e.m.f.'s 
are developed in glasses, of the same order as the external field. Investiga¬ 
tion of the behaviour of glass plates in solutions as simple electrodes and 
as mixed electrodes. Even- kind of glass has its characteristic solution 
pressure when acting as an electrode. A. D 

2372. The Effect of Hydrogen Pressure on the e.tn.f. of a Hydrogen 
Calomel Cell. Part //. The Fugacity of Hydrogen and Hydrogen Ion at 
Pressures up to 1000 Atmospheres. W. R. Ha ins worth, H. J. Rowley • 
and D. A. Maclnnes. (Am. Chem. Soc., J. 40. pp. 1437-1443, June, 
1924.)—The apparatus described previously fsee Abstract 2178 (1922)) 
has been improved and modified. The effect of hydrogen pressure on 
the e.m.f. of the cell HoO/n HC1. HgCI/Hg has been measured accurately 
up to 1000 atmospheres, the pressure being measured by a special piston 
gauge instead of a hydrostatic gauge, which gives unreliable figures. The 
observations are discussed from a thermodynamical standpoint, and it 

is shown that the apparent " fugacity ” of the hydrogen is 100 per cent, 
higher than the pressure ; three-fourths of this is due to the deviation of 
hydrogen from the laws for a perfect gas ; one-fourth to a decrease in 
the relative activity of the hydrogen ion. due to the solubility of hydrogen 
in the liquid at the high pressures involved. B. W. C. 

2373. The Single Potential of Arsenic and its Power of Replacing Other 
Metals in Solutions. L. Kahlenberg and J. V. Steinle. (Am. Electro- 
chem. Soc., Trans. 44. pp. 493-516; Disc.. 517-518, 1923.)—In deter¬ 
mining the single potentials of arseni<; in different solutions, aqueous and 
organic, the authors find arsenic strips sawn from lumps to be the most 

VOL. xxvii.—a.—1924. 


838 


SCIENCE ABSTRACTS. 


reliable, though brittle, electrodes; the strips are fixed between brass 
clamps which are coated with melted paraffin. Compressed sticks of the 
powdered arsenic and arsenic mirrors (from Marsh test) could also be 
used, but the latter peeled off from the glass walls; electrodes of pow¬ 
dered arsenic pasted on metal foil with the aid of binders were not satis¬ 
factory. The single potential of arsenic is found to be 0 - 55 volts. In the 
electro-chemical series arsenic would thus lie between Bi and Cu ; but the 
nature of the electrolyte is a factor of importance. In the displacement 
experiments arsenic (massive or powdered) is placed in solutions, in water 
or organic solvents, of various salts, or other metals are put in solutions 
of arsenic salts. Arsenic is not displaced by Au. Pt. Pd. Mo, whilst Cr. Fe, 
Co. Ni do not replace arsenic. But the nature of the reaction cannot be 
predicted from the electro-chemical series ; the replacing power of metals 
seems to be a highly specific property of the metal and of the liquid in 
which it is immersed, and the toxicity of solutions of arsenic compounds 
seems not to depend upon the concentration of arsenic ions.—In the 
Discussion, W. Blum remarked that the potential relations indicate a 
measure of the tendency of the metal to pass into (or out of) solution. 
Whether such potentials could be expressed in terms of ions was still 
uncertain owing to our limited information on ionisation in non-aqueous 
solutions and in fused salts. H. B. 

2374. Anomalous Motility of Electrolytic Ions. H. Schmick. (Zeits. 

f. Physik, 24. 1. pp. 56-04, 1924.)—Calculation of the maximum Born 
dipolar effect [Abstract 1029 (1920)} in a given field of an elementary 
ion. Anomalous mobility can be explained if we assume that the radius 
of action of an ionic charge increases when the true radius of the ion 
diminishes. A. D. 

2375. Influence of Light - and ROntaen-Rays on A nodic Polarised Platinum 
Electrodes. G. Grube and L. Baumeister. (Zeits. Elcktrochem. 30. 
pp. 322-332, July. 1924.)—Platinised platinum electrodes immersed in 
2N-sulphuric acid and coated with oxides of platinum by treatment with 
gaseous oxygen or by anodic polarisation exhibit a fall of potential in 

• the light, the extent of such fall increasing with the height of the potential 
prior to the illumination. Smooth platinum electrodes which have been 
covered superficially with oxides by anodic treatment with direct and 
superposed alternating current exhibit, when illuminated, a two-sided 
Becquercl effect, a fall of the potential occurring immediately the illumina¬ 
tion begins, and a more pronounced rise subsequently. When the illumina¬ 
tion is repeated, the positive effect vanishes, and only the negative effect 
is observed. The influence of Rontgen-ravs on the potential of oxidised 
platinum electrodes is similar to that of ordinary light, and the potential 
of the oxygen electrode is affected by an alternating current in the same 
way as bv light. These results are discussed in their relation to Baur’s 
theory of photolysis [Abstracts 1448 (1919), 233 (1922), 1705 (1923)). 

T. H. P* 

2376. The Effect of Temperature on Overcollage. M. Knobel and 
D. B. Joy. (Am. Electrochem. Soc., Trans. 44. pp. 443-450; Disc., 
450, 1923.)—The hydrogen overvoltage on kathodes of silver, copper, 
nickel, lead, and smooth and platinised platinum are measured at various 
temperatures from 0° to 75° C. The possible sources of error in previous 
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measurements made by various investigators are pointed out, and a 
method described by which reproducible results can be obtained. The 
electromotive force of the cell H.^n-HoSO^HgoSC^/Hg was measured 
at temperatures from 0°-90 o C.. and the overvoltage measured against 
this at various current-densities. The overvoltage decreases directly 
with the temperature in almost every case ; the slope of the straight 
lines obtained by plotting the results is found to be practically the same 
for silver, copper, nickel and lead. In the Discussion, it is suggested 
that the slope of these lines will indicate whether a hydride or occluded 
hydrogen is concerned in overvoltage. B. W. C. 

2377. Crystalline Form of Electro-deposited Metals. W. Blum and 
H. S. Rawdon. (Am. Electrochem. Soc., Trans. 44. pp. 397-419; Disc., 
419-425, 1923.)—A simple theory of the mechanism of crystal formation 
in electro-deposition is outlined. The kathode discharge of metal ions 
and the formation of crystals are regarded as constituting one and the 
same process, and the point at which any given ion is discharged is that 
where the lowest discharge potential is required. Such potential is a 
function both of the solution pressure of the metal and of the " effective " 
metal ion concentration adjacent to it. 

The single potential and solution pressure of a metal arc the resultants 
of (1) the " primary single potential.” which is defined in terms of the 
solution pressure of a single unoriented atom, and (2) the " orientation 
potential," which is a measure of the diminution in solution pressure and 
corresponding algebraic increase in single potential caused by the 
arrangement or orientation of the adjacent metal atoms. A higher 
potential is required to discharge an ion in a position unrelated to those 
of previously discharged atoms (that is. to form a nucleus) than upon an 
existing crystal, and, similarly, a higher potential is required to discharge 
an ion upon a small crystal than upon a large crystal. 

Typical structures of electro-deposits are classified into three major 
groups, according as almost all. only some, or none of the initial nuclei 
continue to grow, numerous varieties existing in each of these groups. 
The factors determining the character of the crystals arc discussed, and 
it is shown that the direction of the charge produced by any alteration 
in the operating conditions may be predicted. 

In the Discussion, E. C. Bain questions the assumption that rolled or 
burnished kathodes are amorphous, since the most severely worked and 
unannealed metal obtainable showed almost perfect crystalline character 
under X-ray examination. F. C. Mathers suggests that the theory 
advanced docs not take the effect of colloids sufficiently into account. 
L. Kahlenberg states that the density of the deposit is not merely a 
question of the concentration of the silver ions as deduced from potential 
measurements, but depends on the nature of the electrolyte. T. H. P. 

2378. The Deposition of Iron containing Carbon by the Electrolysis of 
Iron Oxalate. W. Sontag. (Zeits. Elektrochem. 30. pp. 333-344, July, 
1924.)—The iron oxalate solution, prepared under stated conditions from 
ferrous sulphate and ammonium oxalate, is electrolysed in the presence 
of a diaphragm. Pure iron is deposited at first, the liquid around the 
kathode becoming strongly ammoniacal. and a portion of the iron being 
precipitated as hydroxide. Subsequently the iron deposited may contain 
3 or 4 % of carbon in an amorphous form. At the same time glyoxalic, 
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glycollic and succinic acids can be detected in the liquid round the kathode, 
representing the products of electrolytic reduction of oxalic acid. The 
gases evolved contain carbon dioxide and a little carbon monoxide. 
Electrolytic experiments with succinic acid show that it is the decomposi¬ 
tion of one of the carboxyl groups of this acid into carbon monoxide, 
and subsequent breaking down of this gas according to the equation 
2CO = C 4- CO;., which accounts for the association of carbon with the 
deposited iron. According to this explanation, propionic and adipic 
acids might also be expected to be present, but probably in amounts too 
small to be detected. The amount of succinic acid formed is considerably 
less if no diaphragm is used. Experiments with ammonium tartrate 
solution also yield succinic acid, and probably carbon associated with the 
deposited iron would result in this case also. It is shown that it is possible 
to produce succinic acid from glycollic acid by reduction with zinc dust, 
as well as by electrolytic reduction. B. W. C. 

2379. Eleclrolytically Chromium-plated Metals. E.Liebrelch. (Zeits. 
f. Metallkunde, *16. pp. 175-177; Disc., pp. 178-179, May, 1924.) 
—A recommendation of chromium-plating [Abstract 586b (1923)]. Flat¬ 
irons. parts of electric-welding machines, etc., are much less liable to 
oxidation when so plated. The hardness of chromium is valuable in 
chromium-plated steel dies, and the plated metal resists chemicals better 
than when nickel-plated. The chromium deposit is very fine-grained 
when there arc plenty of germs present, and when conditions (partial 
deposition of chromium hydroxide) interfere with the growth of the 
crystals; deposits arc generally fine-grained where in contact with the 
kathode, and become coarser in thicker layers. In reply to Fdchsel, 
Nowack and Koch, the author doubted that chromium deposits could 
prevent the corrosion of the sheet metal of coke cases by the sulphurous 
acid in the coke ; the process was quicker and not more expensive than 
nickel-plating ; aluminium did not appear suitable for chromium-plating. 
Bright chromium deposits could not be made more than 0-1 mm. in thick¬ 
ness. Thicker deposits tended to peel off; it would be difficult to P ,a * c 
the internal walls of spheres, but that was also the case with nickel. H. B. 

2380. Chromium-plating of Steel with Chromium Anodes. K. W. 
Schwartz (Am. Electrochem. Soc., Trans. 44. pp. 46,-463 iJv SC 'l 
463-466, 1923.)—The author studies the process of G. J. Sargent [Abstract 
1640 ( 1921 )] and obtains good adherent deposits using solutions containing 
3 gr./litre of chromium sulphate and 200 to 300 gr. of chromic acid, the 
kathode density ranging from 9 3 to 16 amp./sq. dm. The chro " ,, “™ 
anodes did not become passive, and are cheaper than platinum and bette 
than lead. The simultaneous evolution of hydrogen is essential to tn 
formation of good deposits on iron and steel, which then resists also fumes 
of nitric acid, hydrogen sulphide and ammonia, and is not attacked y 
molten tin, zinc and brass. The steel temper is not lost during tn 
chromium-plating. — H . K. Richardson and C. G. Fink supported B»e 
statements of the author. S. E. Sheppard and A. Ballard had founc 
Liebreich’s process good, but used 5-3 volts and more instead oi a - 
W. Blum mentioned that steel, coated with 0-013 mm. of chromi 
cut so as to expose an edge, rusted in distilled water in twelve hours, 
whilst the zinc-coated steel did not rust for several days under the same 

H. iJ*’ 

conditions. 

vol. xxvii.—a.—1924. 




7 C 


SCIENCE ABSTRACTS 


Section A.—PHYSICS. 


OCTOBER 1924. 


GENERAL PHYSICS. 

2381. Optical Study of the Diffusion in Liquids . B. W. Clack. (Phys. 
Soc., Proc. 36. pp. 313-335; Disc.. 335, June. 1924.)—The solution is 
contained in a parallel sided glass cell with a slow flow arrangement, so 
that the concentration varies from saturation at the bottom to zero at 
the top, and can be maintained at a steady state. Monochromatic light 
is rendered parallel, passes through two fine horizontal slits in a screen 
which is capable of vertical adjustment. After traversing the diffusion 
cell normally, the light is brought to a focus, where the image is viewed 
with a micrometer eye-piece. The image consists of a scries of horizontal 
interference bands. The slits and eye piece arc alternately moved, the 
slits a definite number of fringes and the eye piece to bring the zero fringe 
on to the cross wire again. For the determination of the coefficient of 
diffusion corresponding to any concentration four quantities have to be 
determined—the mass diffusing through the cell in the steady state, the 
rate of change of refractive index with the distance down the cell, the 
rate of change of the refractive index with concentration and density, and 
concentration at any point in the cell. The optical method devised gives 
the second of these quantities, and in combination with interferometer 
determinations of the third gives the fourth by calculation. The first 
quantity can be obtained by the analysis of the outflowing solution. 

The coefficient of diffusion in some cases passes through a minimum, 
and increases towards Nernsts theoretical value for zero concentration. 
Although such a minimum lias been expected by Arrhenius, care has been 
taken to eliminate the possibility of an end effect due to stirring. That 
this does not occur is proved by using a dilute solution at the flow end of 
the cell. In this case no minimum is observed. A. Wli. 

2382. Adsorption of Air by Various Kinds of Charcoal. J. Samcshlma 

and K. Hayashi. (Tohoku Univ., Sci. Reports, 12. pp. 289-298, Jan., 
1924. In English.)—The bulk density of lump charcoal may be measured 
by smoothing the surface of the material by means of a file and sand¬ 
paper, painting the surface with a fat. such as lard, to prevent direct 
contact of the water with the charcoal, and weighing in air and water 
in the usual way. For bamboo charcoal the value 0-48 is thus obtained f 
for the bulk density and for coconut-shell charcoal 0-98. W.* 
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Measurements have been made of the adsorptive power of charcoal 
of various kinds for air at — 185°, — 79°, 0°, and room-temperature, the 
values found being usually greater with the wood charcoals than with bone 
black or sugar charcoal. The volumes of air adsorbed (at N.T.P.) by 
1 gram or 1 c.c. of charcoal at a pressure of 1 atmosphere are expressed 
approximately by v = k(l — 0-0062T + 0• 00002T-), where A is a constant 
for the particular kind of charcoal. The volumes of air adsorbed by 
1 c.c. of wood charcoals are, except in certain cases, roughly proportional 
to the bulk densities of the charcoals. T. H. P. 


2383. Theory of the Adjustment of Levels. T. F. Connolly. (Journ. 
Sci. Instruments, 1. pp. 257-264 June, and pp. 289-295, July, 1924.)— 
The paper considers briefly the principles on which the use and adjust¬ 
ment of modern levels depend. Levels are considered as belonging to 
two distinct types. The first type is adjusted to and depends on a 
highly accurate " centre.” The second is independent of high centre 
accuracy, as each observation is " set to bubble.” Both types are 
further subdivided as to whether or not they are " self-adjusting." A 
decided verdict is given in favour of modern levels " set to bubble 
which are self-adjusting by means of a reversible bubble. In these 
instruments true level is indicated as the mean of two observations. 
This true level is quite independent of errors of setting up or adjustment 
of the instrument. [See also Abstract 1348 (1924).] Author. 


2384. Density of Liquids and their Temperature. J. J. Saslawsky. 
(Zeits. phys. Chem. 109. 1-2. pp. 111-135, 1924.)—With a number of 
liquids the relation between the density and the temperature over a 
wide range of conditions is expressed very accurately by the equation, 
8, - 8* + VjST, where 8, and 8* are the respective densities at the 
temperature of observation and the critical temperature, fi is an cmpirica 
coefficient, and T the temperature of observation calculated from a certain 
empirical temperature, T l# so that T - T t - I. With alcohols, as might 
be expected, the agreement of the observed results with the above formula 
is not so satisfactory as with other compounds, but with liquid carbon 
dioxide the agreement is very close. 

Since the mean value of 8 0 : 8m. as given by Young, is 3 -73, the above 

equation is convertible into the form 8/ = 8*^1 + ° r ' * or 

one and the same liquid at different temperatures, 8, = 8*(1 + a ^’ 
a representing the degree of contraction, which remains almost constant 
from the lowest temperatures to the critical point. These two more 
general formula: do not. correspond exactly with the observed results, 
since 8, depends, not solely on T. but also on the pressure ; the axemen 
is enhanced if T is measured, not from T*. but from T 0 = T* + 0-0t>ik- 
The results then yielded by the formula? agree closely with Young s expe - 
mental data. The formula may be used for calculating the value ox o* 
from the values of 8, and T*. which are the more readily detenmnaDie. 

. . r -i'. T. ri. * • 

“ 2385. Graphical Methods of Calculation. C. Runge. (Zeits. techn. 
Physik, 1 5. 5. pp. 141-165, 1924. Paper read before the Deutsch, Gese • 
f, techn. Physik, June, 1923.)—Describes graphical methods for linea 
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and quadratic interpolation, for the evaluation of rational functions, for 
the integration and differentiation of graphs and the integration of linear 
differential equations of the first order. Indicates the advantages and 
limitations of such methods. G. A. S. 

2386. Internal Friction in Glass and Quartz Filaments. A. Pazziani 

and C. E. Guye. (Arch, des Sciences. 6. pp. 47-64, Jan.-Feb.. and 
pp. 89-115, March-April, 1924.)—Lippmann’s stroboscopic method gives 
accurate results. The logarithmic decrement of torsional oscillations gives 
a minimum at about 190° C. After a heating for two or three hours at 
320° the log. dec. is smaller; after several hours at G50° the thermic 
variation of the log. dec. is reversible for glass ; for quartz the same treat- 
ment at 800 ° produces a condition in which the variations of log. dec. 
are not the same with decreasing as with increasing temperature. The 
second modulus of elasticity undergoes sensible variations as the tempera¬ 
ture passes from - 20° C. to 320° C. Connection between the thermic 
variations of log. dec. and allotropic changes, probably due to formation 
of tridymite crystals, orientated in all directions in isotropic material; 
or, in some instances, to the formation of crystoballite. A. D. 

2387. The Variation of the Coefficient of Sliding Friction with the State 

of the Surfaces in Contact. M. Fichter. (Comptes Kcndus. 178. 
pp. 1881-1882, June 2, 1924.)—The coefficient of friction is known to vary 
with the state of the surfaces in contact, and it is widely supposed that if 
the polish of the surfaces were continually improved a condition of move¬ 
ment without any friction at all would ultimately be reached. .Measure¬ 
ments have been made by the author on various surfaces, such as iron on 
iron, brass on brass, copper on zinc, and steel on brass. It is found that 
the coefficient of friction at first diminishes as the surface is more perfectly 
polished, reached a minimum at a ** critical polish." and then increases 
very rapidly. For the case of brass on brass, for example, the coefficient 
decreased to about 0 - 12 , but eventually the separation of the two bodies 
required a normal force of 1-6 to 2 kg./cm* With two such polished 
surfaces in contact, and with the aid of heat and of pressure, the bodies 
became practically welded together, so that in order to separate them 
parts of the surface were torn away. It is suggested that a theory of 
friction might be based on these results, the force of friction being supposed 
due to partial welding of the surface followed by a tearing apart of the 
particles, while fresh portions of the surface in contact become welded 
together. T g 

2388. The Theory of Fluid Crystals, particularly their Dielectric Con¬ 
stants and their Electrical Conductivity. L. S. Ornsteln. (Ann. de 
Physik, 74. 6. pp. 445-467, June. 1924.)—The paper is a theoretical dis¬ 
cussion of the anisotropy of fluid crystals. A theory is developed for 
ascertaining*the dielectric constant of a crystalline fluid in a magnetic 
field on (1) a molecular theory. (2) a crystal aggregation theory. The 
results thus obtained were compared with the practical results of Kast, 
and a complete agreement was found. The conclusions support the crystal 
theory mentioned al>ove under (2). Tables are given in full illustration 

I heorctical and practical experimental values for the electrical conductivity 
were deduced and are given. Finally, it is shown that the measurements 
of extinction of light made by Dr. Riwlin [Diss. Utrecht.. 19231 for such 

VOL. XXVII.—a.—1924. ... 



844 


SCIENCE ABSTRACTS. 


fluids can be completely explained on the basis of the crystal theory above 
mentioned and fully discussed in the paper. S. G. B. 

2389. Viscosity oj Gases at I.ow Temperatures. P. Gunther. (Zeits. 
phys. Chem. J10. pp. 626-636. 1924.)—The law of repulsion between mole¬ 
cules proposed by Nernst to explain the degradation of gases leads to the 
result that at low temperatures the viscosity is proportional to T 3 ' 2 , where 
T is the absolute temperature. Using the oscillating disc method this is 
verified for hydrogen. For helium the rate of fall of viscosity with T is also 
accelerated, but not in accordance with this law, although curves of the 
results seem to show that at still lower temperatures it would be true for 
helium ; also Sutherland’s formula fails completely at 20° abs. According 
to Chapman a quadratic term is neglected in its derivation, and the intro¬ 
duction of this brings it more into accord with the present measurements. 
But it then becomes physically meaningless at the lowest temperatures. 
Below 20° abs. it gives much too low a rate of fall of the viscosity. 

G. A. S. 

2390. Orientation of Surface Molecules and Surface-Tension. S. Sugden. 

(Chem. Soc., J. 125. pp. 1167-1177, May. 1924.)—The Langmuir-Harkins 
hypothesis of the orientation of molecules on a liquid surface leads to the 
prediction of regularities in the total surface energy of benzene derivatives 
which are not verified by experiment. Even if the surface molecules of a 
liquid do possess a definite orientation, the total surface energy is not simply 
determined by those groups which arc directed outwards, but by the 
molecule as a whole. A. D. 

2391. A Relation between Surface-Tension, Density and Chemical 

Constitution. S. Sugden. (Chem. Soc., J. 125. pp. 1177-1189, May. 1924 ) 
—Macleod's law (see Abstract 190 (1924)) is widely applicable. This is 
that, at any given temperature, y *= C(D — d) 4 , where y is the surface 
tension, D is the density of the liquid, d is the vapour density, and C is a 
characteristic constant independent of the temperature. Then if M be 
the molecular weight, {M/(D - d)}y'l 4 = MC*/«, = P, which we may 
call the '* parachor." In this {M/(D — d)} reduces to the molecular 
volume when the temperatures are low; so that comparison of two*P’s 
is a comparison of molecular volumes at a temperature at which two y s 
have the same value. This is better than the ordinary method of com¬ 
parison at boiling-points (equal vapour pressures). The expression 
P«=0-78V e enables the critical volume. V f , to be determined within 
3 %. But P can also be regarded as a function of chemical constitution. 
Data are given for 167 compounds. From these it appears that P can 
be predicted by the simple addition of atomic factors to factors corre¬ 
sponding to the chemical constitution, or conversely that the chemical 
constitution cart be deduced from the values of P. The most probable 
values of P for C and H are then 4-8 and 17*4 ; the CH 2 diffefence in the 
value of P is 39. The boiling-point method, on the other hand, gives 
aberrant results. *' * ' - ' A ‘ D * 

2392. Modified Vacuum Tubes. J. J. Manley. (Phil. Mag. 48. 
pp. 110-112, July, 1924.)—Vacuum discharge tubes employed for the spec¬ 
troscopic examination of gases at low pressures exhibit two defects, viz. 
insufficient luminosity of the feebler spectral lines and contamination of 
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the gas by gases from the electrodes. In the forms of tubes designed by 
the author the former defect is eliminated by securing that radiation is 
emitted longitudinally in one direction only from the capillary employed, 
and the latter defect eliminated by the use of external electrodes. The 
life and reliability of tubes fitted with such electrodes, provided massive 
electrodes are employed and a complete absence of air-bubbles from the 
glass-electrode interface is secured, equal those of tubes employing internal 
electrodes. Means whereby these conditions may be satisfied are detailed, 
and three forms of tube embodying the devices are described. [See 
Abstract 262 (1924).] J. S. G. T. 

2393. Preliminary Measurement of a Primary Gas-grown Skin. J. J. 

Manley. (Phys. Soc.. Proc. 36. pp. 288-290; Disc., 293. June. 1924.)— 
A cylindrical glass vessel is filled with the gas to be investigated and 
maintained at a known temperature for a considerable time, so that the 
glass surface acquires a gas skin of maximum thickness. The vessel is 
then highly evacuated and maintained so until the daily increase of pressure 
on the vessel becomes inappreciable. A glow discharge is passed through 
the vessel between external electrodes, and serves to loosen and erupt 
the gas-grown skin. The resultant free gas is measured and the depth of 
skin calculated. It is shown that, in addition to the secondary skin re¬ 
movable by pumping, a glass surface possesses a primary and far more 
permanent skin. The minimum thickness of the normal air skin upon 
glass was found to be 20 molecules, a value considerably higher than that 
given by Langmuir and others. J. S. G. T. 

2394. Removal of Gas-grown Skins from a Sprengel Pump. J. J. 

Manley. (Phys. Soc.. Proc. 36. pp. 291-293; Disc.. 293. June. 1924.)— 
A form of Sprengel pump having two vacuum tubes interposed between 
the cistern and the fall-tube is described. The vacuum tubes are pro¬ 
vided with external electrodes, which, during the operation of the pump, 
are activated by an induction coil. The resulting glow discharges trans¬ 
form the skins on the inner surfaces of the pump into free gases, and the 
mercury, in falling through the discharge, is largely freed from condensed 
and absorbed gases. [Sec also Abstract 1467 (1922).] J. S. G. T. 

2395. Arrangement for Heating Electrically in Vacuo to a High Tempera¬ 
ture. P. Lebeau and M. Picou. (Comptes Rendus, 178. pp. 1161-1163, 
March 31. 1924.)—In the apparatus constructed by the authors the tem¬ 
perature is read in the interior of the heating-tube and in the immediate 
neighbourhood of the substance examined. The essential nature of the 
arrangement is a tube of carbon or of a refractory metal, molybdenum or 
tungsten, forming a resistance and placed in the interior of a vessel of 
Pyrex glass or of quartz, this tube connected at both its extremities 
with copper conductors formed of two concentric tubes, between which 
a current of cold water circulates. In each of these conductors the central 
tube, longer than the exterior, projects beyond it. and supports the heating- 
tube, with which contact is made certain by means of an inserted ring 
made of graphite or iron. The conductor and the tube make up a single 
cylinder extending along the horizontal axis of the furnace, connected on 
one side with vacuum tubes, and on the other fitted with a little 9heet of 
glass, through which the interior can bo observed. The joints are formed 
of Golaz mastic. With the object of obtaining reference points, the melting- 
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points of molybdenum and tungsten have been observed and found « 
be respectively 2165“ ± 25° and 2625° ± 25° These are the .! 

temperat 5 r" f‘ mOSphcre °< hydrin and a. atmospheric pressure 

meth^r^dlt ££? £ ClCC,riC arC ° btai ' 1Cd ^ L ~' a 

2400° he and n w, C th *7™'* ° f e ' eC ‘ ric heatin * in a vacuum to 

of 25 ° temperature can be evaluated to an approximation 

J J s. 

2396. Research with High Vacua. W. R. Whitney. (Gen El Rev 

exoer P , J “ ly ' ' #24) - A P ° PU ' ar aC ““"‘ * *‘e„of viou, 

experiments and apparatus in which a vacuum plays an important part. 

W. R. C. 

2397. Relations between the Atomic Concentration and the Mechanical. 
Thermal and optical Constants of the Elements. P. Lasareff. (Comptes 
Rendus 178. pp. 1,16-1718. May 19. 1924.)—If N represents the number of 
atoms of an element in a unit volume (atomic concentration), it can be 
shown that the modulus of elasticity E is proportional to N</3; for silver, 
zinc, copper, aluminium, cadmium, gold and tin this relationship holds 
very close y. the agreement in the case of lead being less satisfactorv. 
hurther the latent heat of fusion is given by the expression, Q 0 = b 2 N. 
where b~ is a constant. Concordant results are given for lead, thallium, 
phosphorus, cadmium, gallium, silver, zinc and copper, but with platinum, 
pa ladium and iron the agreement is poor. The expression for the infra¬ 
red frequency of the atoms indicates proportionality between such frequency 
and Vn/A. A being the atomic weight. Values of the frequency are avail¬ 
able for lead, sliver, zinc, copper and aluminium, and agree satisfactorily 
with this relationship. 

If amorphous substances are indicated by the index « and crystalline 
substances by the index c, for one and the same element, Nc > N a and 
hence ANe > ANa. so that the density of the crystals is greater than that 
of the amorphous clement. Since, also, the hardness increases with N. 
\x;i mUSt b ° greater ior thc crystalline than for the amorphous element. 
When an amorphous substance undergoes conversion into the crystalline 
form, all thc atoms should assume greater magnitude, and thc electrons 
should pass from more remote orbits to others nearer to the nucleus. The 
radiation emitted by the electrons during such passage heats the substance, 
so that conversion of an amorphous substance to the crystalline form 
always produces a positive thermal effect. Errata (ibid. p. 1031, 
June 2, 1924). x> H . P. 


2398. Graphical Vapour Pressure and Specific Gravity Tables. H. C. 
Deming. (Indust, and Engin. Chem. 16. pp. 614-615. June, 1024.) 

2399. Calibration for Trowbridge Pressure-recorders. C. Z. Rosecrans. 

(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 783-786, June. 1924.) 
—The Trowbridge recorder is described in Abstract 808 (1923). The 
author gives a mechanical method of calibration. A. D. 

i 2400. A Simple Chemical Method for Testing the Efficiency of a 
Mechanical Stirrer. W. A. Roth. (Zeits. phys. Chem. 110. pp. 57-59, 
1921.) A method of ensuring the efficiency of the stirring arrangement 
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in a small bomb calorimeter (500-c.c. capacity) is dcsciibcd. The stirrer 
was rotated at different speeds in a calorimeter of circular section, the 
axis of the paddle being symmetrically placed with respect to the centre 
of the bomb. Below the middle of the bomb was fixed a capsule containing 
a small quantity of potassium permanganate, or the coloured salt was 
embedded in Glauber’s salt. Samples of the water were withdrawn at 
definite intervals from various points of the calorimeter, and the amount 
of potassium permanganate in solution estimated. L. L. 

2401. Electric Pendulum. W. P. White. (Optical Soc. of America. 

J. and Rev. Sci. Inst. 8. pp. 767-782, June. 1924.)—Describes a very 
accurate clock-pendulum of the electric gravity type, built with great 
ease. Simple equations are given showing how the design may be ordered 
to diminish the recognised errors inherent in the -method of driving. 
These equations arc used to discuss the value of this and other types of 
drive for pendulums of maximum accuracy, and indicate that the electric 
gravity drive equals, and possibly excels, the best of other types for such 
services. A - 

2402. A Slide-rule for Complex Numbers. J. Spielrein. (Elekt. 

Zeits. 45. pp. 849-852. Aug. 7. 1924. Paper read before the Russian 
Eng., Moscow. 1921.)—The conversion of complex numbers from the form 
a + jb to the form rd 9 and vice versa, and the treatment of expressions 
involving products or quotients of complex numbers arc problems of 
frequent occurrence in electrical theory. The arithmetical processes arc 
rather laborious, and a suitable instrument would greatly lighten the work 
of calculation. The author describes first a system of superposed charts 
and graduated scales, which enable the arithmetic of complex quantities 
to be simplified, its use for conversion, multiplication and division being 
explained. The proper choice of the lengths of the scales and a discussion 
of the accuracy is given. The author then goes on to show how the device 
can be made up in the form of a slide-rule with three sliders ; this is more 
convenient but less accurate than the charts. Finally, it i* suggested that 
a quite unimportant alteration to the slider of an ordinary slide-rule can 
adapt it for use in connection with complex quantities. B. H. 

2403. Moving-Wire Astrolabe. V. Michkovitch and E. Mallein. 
(Comptes Rendus, 178. pp. 2107-2169. June 23. 1924.)—The astrolabe is 
one of M. Jobin’s models, the modifications consisting of a micrometer 
(46 x 36 x 9 mm.), furnished with a mobile carriage (20 X 20 mm.) 
bearing a horizontal spider’s web. the vertical displacement of the 
carriage being governed by an electric motor of continuous current of 
10 volts, a screw pressing on a spring placed near the eye-piece and allowing 
the micrometer box to be turned on the telescope axis so as to get the 
micrometer wire into the horizontal position—which is fundamental to 
precise observation, and obtained in the same way as azimuth determina¬ 
tions in meridian instruments. The mercury bath is solidly attached to 
the instruments, and all precautions are taken against tremors. The 
authors describe the method of observation and give those obtained on two 
nights in June, 1924 ; the mean errors of these range from 0'-05 to 0* • 10. 

A. S. D. M. 

2404. A Registering Micro-Photometer for Accurate Measurements. 
M. Siegbahn. (Phil. Mag. 48. pp. 217-224. July. 1924.)—A form of 
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registering micro-photometer in which the intensity of the radiation 
transmuted by a spectral plate in its different parts, or by anv oTer 
medium, is determined by means of a thermopile is desert The 

him a *nH e . d . eflcct,ons are recorded on photographic plates, paper or 
him and line distances may be determined with an accuracy of about 
0 002 mm. [See also Abstract 291 (1914).] j S. G. T 

1 ** 05 ‘ Gas-Meter. (Engineering. 118. pp. 182-183. Aug. 1. 

;, :ir The fu " damentaI principle of this instrument is based on the fact 
lat the specific heat for all gases occurring in practice is very nearly 
constant. A heater unit constructed of transversely placed resistance 
wires is connected through a rheostat and a wattmeter to a source of 
current supply In front of and behind this heater are placed resistance 
thermometers, forming the two arms on one side of a Wheatstone's bridge 
two resistance coils making up the other sides. A galvanometer indicates 
when there is a balance, which exists when there is exactly 2° F. tempera¬ 
ture difference between the gas at inlet and outlet, attainable by adjusting 
the two resistance coils. Compensation for water-vapour present in the 
gas to be measured is accomplished automatically by the nickel and 
manganese thermometers upsetting the bridge balance when too much 
water-vapour is carried in the gas. deflecting the galvanometer needle, 
which engages with a connection to a motor-driven regulator which it 
controls, thus causing the necessary adjustment of the heater to take 
pkce. T . c H> 


2406. High-speed Camera for the Study of Projectiles in Flight. 
H. L. Curtis, W. H. Wadleigh and A. H. Sellman. (Bureau of 
Standards, Technol. Papers. No. 255. pp. 189-202. Washington. 1924.)— 
The film is mounted on a drum, which is rotated at such a speed that 
the image of the projectile moves with the same velocity as the film. 
Several lenses are used, mounted on a line parallel to the axis of the 
drum, and uncovered successively by the rotation of another "focal 
plane ” drum carrying a series of staggered slits. The rotation of the 
drum is checked by recording also a series of fine lines produced by a 
stroboscopic tuning-fork, as has hitherto been described. For any 
small number of lenses fifty exposures per second per lens is attained 
easily. The camera has been used for photographing the development # 
of blast from a large gun, the penetration of armour plate by a shell, 
the yaw of a projectile, and the velocities of rotation and translation of a 
projectile in flight. : a. Wh. 

2407. The Circular Dividing Engine of Edward Troughton, 1793. D. 
Baxandall. (Optical Soc., Trans. 25. 3. pp. 135-139, 1923-1924.) 

2408. A Thermostat Regulator. E. Schreiner, J. Holtsmark and 
B. Trumpy. (Zeits. Elektrochem. 30. pp. 293-296, June, 1924.)—A large 
copper resistance immersed in the bath whose temperature is to remain 
constant forms the fourth arm of a Wheatstone net. When the net is 
balanced the light reflected from the mirror of the very sensitive galvano¬ 
meter used falls on a photo-electric cell. The cell is connected to a 
thermionic valve and a telephone relay in such a way that when it is 
excited it causes a glow-lamp in the bath to be lit. If the temperature of 
the bath rises the net is unbalanced, and the light is deflected so that it no 
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longer affects the cell. This is a very sensitive arrangement, the difference 
between maximum and minimum temperatures over a period being only 
0*0006 C. This is not regarded as the limit of sensitiveness that could be 
obtained. The temperature of the bath can be varied by suitable altera¬ 
tion in the ratio arms of the net. G. A. S. 

2409. Ionisation Manometer. H. Simon. (Zeits. techn. Physik, 5. G. 

pp. 221-233, 1924.)—The use of an ordinary three-electrode valve for the 
determination of the relations between the gas-pressure and the ionisation 
is discussed theoretically and experimental results described. The ionisa¬ 
tion with the grid positive and anode negative is greater for a given positive 
voltage than with the grid negative and anode positive. The flow of 
positive ions is directly proportional to the pressure in all cases, provided 
that the flow of electrons is too small to produce glowing or that no 
saturation occurs owing to the current being too large or the gas-pressure 
too small. The manometer may be used to compare the rates of exhaustion 
of a vessel with different gases. It is shown that the specific emission of 
a tungsten filament is increased by the occlusion of gas. B. W. C. 

2410. Humidity Recorders. E. B. Wheeler. (Bell System Techn., J. 

3. pp. 238-258. April, 1924.)—The material effect of atmospheric conditions 
upon the operation of intricate electrical and mechanical apparatus, such as 
is found in telephone systems, is discussed, and the desirability of obtaining 
accurate information as to the character of the atmospheric conditions 
obtaining in typical localities is emphasised. The specific advantages 
and limitations of various well-known types of hygrometers are reviewed 
and the development of a new recording hygrometer is described in which 
the Leeds and Northrup automatic recorder is employed in conjunction 
with wet and dry bulb resistance thermometers in an auxiliary wind- 
tunnel equipment and a specially designed double Wheatstone bridge 
circuit. One of the Wheatstone bridges contains the dry bulb thermometer, 
the other containing both the dry and wet bulb thermometers. The 
satisfactory performance of a number of such instruments is illustrated 
in typical graphs. A new direct-reading humidity recorder is also described 
working on a similar general principle, and depending for its operation 
upon the approximate linearity and common intersection of the ordinary 
humidity curves connecting wet and dry bulb temperatures for a given 
relative humidity. ■ A. B. C. L. 

'• -2411. The Constants of the Polar Planimeter. A. Haerpfer. (Zeits. 
Instrumentenk, 44. pp. 270-274. June. 1924.)—The paper contains a 
mathematical investigation of the two principal constants of the instrument 
which axe connected with its mechanical adjustments. Although the 
polar planimeter has received much previous attention, yet for very accurate 
work this further study has been necessary. The theoretical results arc 
supported by appropriate numerical data. H. H. Ho. 

2412. The Capillary Constant. I. I. Tichanowsky. (Phys. Zeits. 25. 

pp. 299-302, June 15, 1924.)—Discussion of the mathematics of the 
method of pulling off a ring. A. D. 

VVi* I f* ftfvV~> ?r ( I. If « . ..I . 

2413. Measurements of Surface Tension, particularly by the Capillary 
Balance. The Surface Tension of Water. P. Lenard, with R. v. 
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Dallwitz-Wegener and E. Zachmann. (Ann. d. Physik, 74. 6. pp 38b- 
404 June. 1024.)—The paper opens with a critical discission of the various 
methods that have been used or proposed for use in surface-tension measure¬ 
ments Results obtained by several observers by different methods show 
that the surface tension of water at 18° C. is about 7-4 mg./mm. The 
present paper contains details of confirmatory experiments made by the 
capillary balance or rupture method, this being the method considered 
most free from errors. In this a small rectangular framework of fine wire 
is immersed until its upper side is just above the surface of the liquid of 
which the surface tension is required ; the frame is supported from a 
delicate spring balance. It is then depressed below the surface of the 
liquid, and on being again elevated the pull of the adherent film of liquid 
is observed ; the surface tension is then calculable if the dimensions of 
the frame are known. The influence of the thickness of the wire forming 
the upper side of the frame (test wire) and the correction necessary for the 
effect of capillarity on the vertical sides are determined and allowed 
for. Accurate measurements of the length and diameter of the test 
wire and of the other relevant dimensions of the frame are recorded ; 
wires of copper, iron, constantan, aluminium and brass were used. The 
weighings were done on a Hartmann and Braun spring balance. Results 
are given for the surface tension of an oil, for alcohol (2-34 mg./mm. at 
23° C.), and finally for water (7-443 mg./mm. at 18° C.). The last result 
confirms earlier work of Zachmann by the same method. B. H. 

2414. Strength of Tungsten Single Crystals. Research Staff of 

General Electric Co., London. (Phil. Mag. 48. pp. 229-249, Aug., 
1924.)—By heating drawn tungsten wires to a high temperature large 
crystals are developed with random orientation of crystal axes, many of 
which occupy locally the complete volume of the wire. When these 
wires are subjected to a suitable tensile stress, some of these large crystals 
will be deformed by a process of slip and one will eventually fracture. 
The orientation of the crystal axis in this crystal is such that two sets of 
slip planes are symmetrically inclined to the direction of stress, and the 
crystal fractures in the form of a wedge symmetrical to the stress. This 
affords a simple means of studying the deformation of single crystals 
under conditions involving a minimum distortion of the crystal lattice. 
Results are given of the strength of such crystals in wires of various 
diameters and at temperatures varying from 700° K. to the melting-point. 
The time required for fracture is approximately an exponential function 
of the load and the temperature ; for a given rate of deformation the load 
is proportional to the cross-sectional area, and, apart from transition 
temperatures, is a linear function of the temperature. Discontinuities 
occur in the load-temperature curves at temperatures approximately 
850°, 1600°, and 2600° K. Variation^ in other physical properties occur 
at the same temperatures, and this leads to the view that these changes 
represent transformation points of a new type. Some new measurements 
on the thermal expansion of tungsten are recorded. C. O. B. 

2415. Approximate Solution of Two-Dimensional Elastic Problems. 
S. Timoschenko. (Phil. Mag. 47. pp. 1095-1104, June, 1924.)—In two 
dimensional stress systems generated by corresponding boundary forces 
the stress components at any point can be derived from a single function 
<j>, which satisfies the equation = 0. The solution of this equation 
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with the specified boundary conditions is not always easy, and the autiior 
outlines an approximate method of obtaining the solutions, by use of the 
double integral expression for the potential energy. Several examples 
are worked out in the paper to illustrate the use of the method. 

G. W. DE T. 

2416. Tensile Properties of Aluminium at High Temperatures. 

T. Martin. (Inst, of Metals, J. 31. 1. pp. 121-152; Disc, and 
Corres., 153-166, 1924.)—Tensile tests on two qualities of aluminium at 
temperatures up to the neighbourhood of the melting-point show a 
rapid diminution in strength with increase in ductility up to 325° C. At 
this point a marked increase in ductility takes place, attributed to a 
sudden increase in the rate of crystallization. With further rise of 
temperature the loss of strength continues at a less rapid rate. A com¬ 
parison of the results for the cold-worked and fully annealed material 
indicates that up to 200° C. the added strength conferred by cold-work 
is well maintained, but at higher temperatures the rate of softening is 
such that the only reliable indication of strength is that obtained from 
a test on the fully annealed metal. The results show the importance of 
quantitative observations of the time and temperature conditions of 
annealing of a cold-worked metal as a preliminary to tensile testing at 
high temperatures. The tests on the less pure metal show that the 
effect of the impurities present is to make the metal stronger but less 
ductile at all temperatures, while the marked increase in ductility occurs 
at a temperature fully 75° higher. The maximum stress results obtained 
indicate that the time factor in tensile testing at all temperatures above 
the atmospheric is of greater importance than has hitherto been 
suspected. C. O. 13. 

2417. Duration of Impact of a Pair of Bars of Steel and of Copper. 

E. W. Tschudl. (Phys. Rev. 23. pp. 766-759, June, 1924.)—The two 
bars to be tested were hung by bifilar suspensions, and the duration of 
irdpact (less than 0-0007 sec.) was measured for various impact velocities 
from records of the current through the surface of contact, made with a 
special heavy tungsten wire oscillograph with an undamped frequency 
of 16,000 per sec. The electrical resistance of the contact was shown to 
be independent of the velocity. The results for steel bars are from 10 to 
20 % higher than those obtained previously with a condenser method of 
time measurement. The duration was the same for a bar 9 cm. long as 
for one of the same mass 62 cm. long. This seems to contradict the 
compressional wave theory. For two copper bars the duration came out 
1 • 4 times that for steel bars of the same dimensions and velocity of impact, 
the ratio being the same as that of the velocities of sound in the two 
metals. 4 j.. ., ^ ... ... Author. 

2418. Optical Investigation of Stress Distribution. W. Birnbaum. 
(Zeits. techn. Physik, 6. 4. pp. 143-149, 1924.)—A description of the 
apparatus is given which has been installed by the A.E.G. Turbine 
Department for investigating stress distribution by means of celluloid 
models and polarised light. The principle, developed by Coker and 
Ascii, on which stress measurement is based, is explained in detail and 
the results of experiments on models representing the roots of turbine 
blading given exhaustively. It is shown that high local stress is pro- 
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duced at sharp corners in a section, and the values obtained experi- 

from theor' t \ TSCCt, ° n corre,ated with those derived 

from theoretical considerations. J V H 

_ 2419. Analytical Discrimination of Elastic Slrcsscsinan Isotropic Body 

W ^2? ; ', Phil ' « ,ag - 44 ■ pp - 274 - 283 ’ J u| y- 1922 : 46. pp. 481-487,' 

f apt ' 1923 ' , and 47 • PP- 679-689. April, 1924.)—The authorrecalls the fact 
that G. B . Airy obtained from mechanical considerations (B.A. Reports, 
Cambridge, 1862) a solution in Cartesian coordinates of the mechanical 
stress equations. But he ignored all elastic requirements, and the objective 
of the author is to extend and supplement Airy's results. The method 
he employs is purely analytical, depending upon general solutions of the 
mechanical stress equations and upon the development of a scheme for the 
selection of those stress systems which satisfy the stress-strain relations, 
briefly called Hooke's law. from the general mechanical stress systems. 
The elements of a mechanical stress are shown to depend upon an arbitrary 
primary stress system, and in order to form a connection with the stress- 
strain relations the author introduces a subsidiary, but allied, stress 
system which is such that the vector system naturally deduced from it 
possesses inherent qualities distinctive of the displacement corresponding 
to an clastic stress system. The main body of the first paper consists in 
the discussion of the requirements necessary to ensure that the stress 
system should be an elastic one. According to this method the elements 
of stress are given prominence; the displacement, however necessary,, 
appears as incidental, and there are no displacement equations. To begin 
with the author deals with a body under tractions only, and extends the 
results later. The mathematical development is simplified by first treating 
certain ancillary matters as lemmas. G. W. db T. 


2420. Measurement of Intemal Stress in Brass Tubing. R. J. Anderson 

and E. G. Rah 1 man. (Bureau of Standards, Tcchnol. Papers No. 267. 
pp. 229-241, 1924.)—A new method for measuring longitudinal internal 
stress in brass tubes, called the strip method, consists of slitting a narrow 
strip longitudinally— e.g. 2-75 in. long by 0* 1 in. wide in a tube length of 
3-25 in.—and then releasing one end of such strip by cutting. Stress is 
indicated by the springing out of the freed end, and can be calculated 
by a formula based upon the modulus of elasticity of the material and the 
distance in movement of the freed end. The method showed that in 
cold drawn brass tubes the major stress is longitudinal, that in the outer 
portion of the wall being tensile and that in the inner portion being com¬ 
pressive, the summation of the balanced stresses being zero. Absence of 
circumferential stress in tubes is indicated by the failure of diametrically 
cut rings to spring in or out on being slit in two. Experiments showed 
that the usual cutting methods which have been applied to bars and rods 
for the estimation of stress are not applicable to tubes, especially where the 
bulk of the stress is longitudinal. It has been thought that because cold 
drawn brass does not crack on application of an accelerating cracking 
agent it is free from internal stress ; the strip method described is applic¬ 
able for the quantitative estimation of stresses inferior to those necessary 
for cracking under the application of mercurous nitrate. C. O. B. 

2421. Propagation of Explosive Waves in Air. T. Vautler. (Comptes 
Rendus, 179. pp. 256-259, July 28, 1924.)—Experiments are described 
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which have been made in a pipe over a metre in diameter and several 
kilometres long in Lyons. The form of the pressure wave is measured 
by an interference arrangement. The wave passes through one of the 
light paths of a split lens interferometer, and the fringes are recorded 
on a moving photographic film. Hence all inertia effects are eliminated. 
The results are given for waves initiated by the combustion of a charge 
of black powder, a detonation of fulminate and the release of compressed 
air. The wave from the black powder shows a smooth rise to maximum 
initially, which later gives rise to a discontinuity. If the wave is translated 
into one of rarefaction by reflection at the open end of the tube, the form 
remains substantially unchanged during propagation. A detonation 
shows similar results, except that the discontinuity is initially present. 
The sudden release of compressed air shows a wave with successively 
diminishing condensations and rarefactions, no discontinuity being formed. 
It is pointed out that a discontinuity in any wave vanishes after reflexion 
at an open end. A. Wh. 


2422. Calculation of the Coefficient of Permeability of Clay from the Course 
of the Hydrodynamxcal Pressure Phenomena. K. v. Tcrzaghi. (Akad. 
Wiss. Wien. Ber. 132. 2a. No. 3-4. pp. 125-138, 1923.)—The coefficient 
of permeability of a clay depends on the contained water, and this depends 
on the pressure to which the clay is subjected. In a former apparatus the 
clay was placed between two sand filter layers, and maintained at constant 
pressure. The water passed through the layer of clay from the lower 
to the upper side. The flow was produced by the difference of level between 
the surface of the overflow and the surface of the water in a vertical tube 
6 mm. in diameter, and the coefficient of permeability k was calculated 
from the velocity with which the water fell in the vertical tube. It was 
found that in clay with a porosity number c < 2 00 and a coefficient of 
permeability A >0*006 cm. per year, there was no appreciable variation 
from the law of Darcy. In an investigation to determine the coefficient 
of permeability of loam and of clay in the viscous-plastic and in the semi- 
solid form, the direct method failed because the coefficient of permeability 
of the soils in this form was very small compared with A = 0 06 cm. per 
yeaj. A method was therefore developed in which the unavoidable errors 
of the direct method disappeared. The method consisted in the observa¬ 
tion of the time change of the pressure phenomena in clay. By the hydro- 
dynamical pressure phenomena the author means the delay which is caused 
in clay in the pressure, due to the resistance to the outflow of the squeezed- 
out pre-water^ The permeability coefficient can be calculated from the 
time variation of the equalisation of pressure, as long as all other important 
factors are known. 

The author now considers, with the help of diagrams, the case of 
a block of loam or clay of height A contained in a vessel which will 
prevent spreading.'* As the pressure is increased, the pore number € 

(e » V - | Ume - ° - ^ empty and the coefficient of permeability A decrease, 

\ volume of dry material/ 

and a definite amount of water is squeezed out of the clay. The unit 
of volume is taken to be a prism of unit sectional area. The length of 
the prism in the direction of the pressure is variable and equal to i e, 
the reduced thickness h of the layer is the thickness which the layer would 
have if the pore number were = 0, and the coefficient of permeability 
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denotes the velocity of flow of the water through a layer of clay of the real 
thickness I + « when the difference of pressure height is 1 cm. The 

differential equation for the flow, i.e. £ . ^ which the author 

obtains, is easily integrated. This equation is exactly the same as that 
for the non-stationary propagation of heat in an isotropic medium. The 
solution of the equation is given and the results for special cases are plotted. 
The machine used by the author is so constructed that the compression 
may be kept constant while the pressure may be altered. He calculates 
the coefficient of permeability from the observed course of a change of 
shape, which may be compared to the adiabatic equalisation of tempera¬ 
ture in a locally heated body. The value obtained for the coefficient of 
permeability, i.e. 1-69-10”* cm. min.” 1 , agrees well with the value 
1-65-10-7 cm. min.” 1 obtained in 1919 by the direct method. The author 
concludes from his results that Darcy’s law holds for the flow of water 
through loam in a semi-solid form. T. B. 

2423. The Airy Potential Function. W. Gauster. (Zeits. tcchn. 

Physik, 5. 7.pp. 312 -314, 1924.)—Plane problems in the theory of elasticity 
can be solved for the case where the mass forces fail or proceed only from 
the weight of the body itself by the introduction of the Airy potential 
function F to the integration of a partial differential equation of the 
form V*V*F ■= 0. The most general case is now investigated whereby 
an entirely similar treatment is found to be possible. The paper is 
mathematical throughout. H. H. Ho. 

2424. A Spherical Source in a Rotating Liquid. S. F. Grace. (Roy. 
Soc., Proc. 105. pp. 532-543. May 1. 1924.)—Consider a liquid rotating 
about an axis like a rigid body, and suppose, at a given instant, a spherical 
source, defined as a uniform discharge of liquid from the surface of a 
sphere of finite radius, to be suddenly generated relative to the rotating 
liquid, and then maintained, the centre of the source being on the axis. 
The author’s problem is to determine the motion at any subsequent time 
on the assumption that the motion is small, i.e. that squares and products 
of velocity and vorticity components are negligible. This subsequent 
motion will be symmetrical with respect to the axis. The solution of the 
problem shows that the motion of the liquid along the axis is always away 
from the sphere. At a particular point the velocity oscillates with constant 
amplitude about a value equal to the velocity of discharge from the sphere, 
but increases with the distance therefrom until, at infinity, its value is 
equal to the velocity of discharge. The oscillation period decreases from 
an infinitely large value at the sphere to zero at infinity. The liquid has 
no motion across the plane through the centre of the spherical source 
perpendicular to the axis of rotation (the equatorial plane, Say). The 
motion in the plane at any instant depends only on the distance from the 
centre of the sphere, and expressions for the radial and transverse com¬ 
ponents of velocity relative to the centre are obtained, which show that 
the motion tends rapidly to zero away from the sphere, a characteristic 
noted in previous problems [see Abstracts 626 and 2073 (1923)]. At a 
particular point the radial component of velocity tends to zero as time 
increases, oscillating about the zero value with diminishing amplitude, 
while the transverse component is opposite to the direction of rotation of 
the liquid and tends to become constant at a particular point. Thus the 
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paths of particles in the equatorial plane tend to become circles concentric 
with the sphere. The motion becomes increasingly violent at the sphere 
in the vicinity of the equatorial plane. The existence of such violent 
motion shows that the solution will represent the actual motion of the 
liquid only for a limited time. It is found that the flow of liquid, due to the 
discharge from the sphere, is drawn out in the direction of the axis. 

G. W. de T. 

2425. Resistance Experienced by Spheres in their Motion through Gases. 
P. S. Epstein. (Phys. Rev. 23. pp. 710-733, June, 1924.)—A theory is 
developed first for the case where the droplets are small in comparison 
with the mean free path. Assuming the usual Maxwellian distribution 
of velocities in the gas, the force exerted by the impinging molecules is 
found to be M = (47r/3)Nma‘-c BI V, N, m. a, and c m being respectively the 
number per unit volume, mass, radius, and mean speed of the molecules, 
and V the speed of the droplet. The force exerted by the molecules 
leaving the surface depends on their manner of leaving. For uni¬ 
form evaporation from the whole surface the force is - M; for 
specular reflection of all the impinging molecules. — M; for diffuse 
reflection with unchanged distribution of velocities. — (13/0)M; for 
diffuse reflection with the Maxwell distribution corresponding to the 
effective temperature of the droplet, - (1 + 9n/64)M for a non-conducting 
droplet, and - (1 + w/8)M for a perfectly conducting droplet. Of the 
first two cases, which cannot be distinguished experimentally, the second 
is more probable physically. The experimental values correspond to 
10 % specular and 90 % diffuse reflection. The conditions at the surface 
of a comparatively large sphere are discussed, and it is shown that the 
diffusely reflected molecules have a Maxwellian distribution corresponding 
to the temperature and density of the gas. Bassett's assumptions arc 
theoretically justified, and a confirmation is obtained for the correction 
factor for Stokes' law. In an appendix rotating spheres arc considered, 
and the values of the resistance arc derived for various cases. 

A. B. C. L. 

2426. Molecular Fields and Cohesion. H. Chatley. (Phys. Soc., 
Proc. 36. pp. 336-338; Disc., 338-339. June. 1924.)—The forces between 
the atoms or doublets in a solid can be assumed to be made up of an 
attraction varying as the inverse fourth power of the distance and a 
repulsion as the inverse tenth. It has been previously shown how to 
connect the resultant force between molecules and the stress-strain curves 
for solids, and expressions are derived from the variation of compressi¬ 
bility with pressure which are of an order agreeing with Bridgman’s 
experimental results. Also, it appears that rupture of solids will occur 
for a linear extension of about 12 %, also in fair agreement with fact. 
Discussion. —A. O. Rankine expressed the opinion that the doublets 
would only attract according to the law assumed at distances much greater 
than those between molecules. Also Bridgman's experiments were on 
water, while the author’s theory rests on crystal structure. D. Owen 
suggested that the methods developed in this paper permit speculation 
as to the conditions in the earth’s interior. A. Wh. 

2427. Euler's Knowledge of the Idea of Potential, R. Brenneke. 
(Zeits. f. Physik, 26. 1. pp. 42-46, 1924.)—The object of this short paper 
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is to show that Leonhard Euler introduced the concept of potential into 
hydrodynamical theory before the time of Laplace and Lagrange. Refer¬ 
ences are given to Euler’s work in 1736 in “ Mechanica sive motus 
scientia ”; in 1751. in " Histoire de l'acad. k Berlin”; and other 
journals. In 1755 he defined force potential in " Histoire de l'acad. k 
Berlin.” In 1759 he gave the conditions for integrating the equations 
of motion (" Novi, comment, acad. ac. Petropolitana.- ”). T. B. 

2428. Internal Pressures of Solids and Liquids. T. W. Richards. 

(Frank. Inst.. J. 198. pp. 1-27. July, 1924.)—If it can be assumed that 
changes of volume are the effects of changes of pressure, the change of 
volume in any chemical reaction should depend on the affinity of the react¬ 
ing substances and on the compressibility of the materials. The general 
form of the expression indicating the equilibrium of the internal and external 
pressures is indicated, and is amplified as suggested by Griincisen. The 
internal pressures of eighteen metals are tabulated. They vary from 
Cfesium, 4000, to tungsten, 632,000 megabars. A bibliography of the 
author’s work on atomic compressibility is given. A. Wh. 

2429. The Adiabatic Transformation of the Kepler Ellipse into the 

Harmonic Ellipse. H. Geppert. (Zcits. i. Physik. 24. 3-4. pp. 208-246, 
1924.)—In the present paper it is shown how different quantum states of 
a conditioned periodic system can be adiabatically transformed into one 
another. The transformation of the Kepler into the harmonic ellipse is 
accurately carried out by a rigid integration and quantelation of the initial, 
final, and a particular intermediate motion, which is characterised by the 
vanishing of the discriminant, as by treatment of the respective states. 
A complete unique transition into the periods determining the orbit has 
been established and is diagrammatically illustrated. The paper is entirely 
mathematical. » . , H. H. Ho. 

2430. On the Course of the Motion and the Quantum Stales of Disturbed 
Kepler Motion. W. Lenz. (Zcits. f. Physik, 24. 3-4. pp. 197-207, 
1924.)—The object of this paper is to establish that the course of the 
disturbed Kepler motion is in many cases, inclusive of that of the 
simultaneous effect of an electrical and of a magnetic disturbing field 
orientated thereto in any given way, obtainable by elementary mechanics. 
Reference is made to the extension of Bohr's method to crossed fields by 
Klein [see Abstract 1380 (1924)]. The quantum conditions are now derived 
from knowledge of the frequencies of a disturbed inotion regarded as 
multi-periodic and without recourse to the separation method. The case 
is then evaluated of the simultaneous action of an electric and magnetic 
field upon the H-electron. The paper is entirely mathematical. 

H. H. Ho.; 

2431. Approximate Calculation of the Orbits and Transition Probabilities 
of the Series Electrons in the Sodium Atom. W. Thomas. (Zeits. f. Physik, 
24. 3—4. pp. 169—196; 1924.)—Based on the Bohr theory of hydrogen and 
similar systems, the dynamics of the series electrons in the alkali metals 
is now worked out whereby the field of the atomic nucleus is regarded as 
the central field. The orbits and Fourier coefficients for the lines I, II 
and III of the sodium principal series are calculated, assuming^ Fues’ 
hypothesis for the potential gradient in the sodium atom.. Comparison is 
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then made between the relationship of the calculated values of the transi¬ 
tion probabilities and the absolute value of transition probability of the 
resonance line and the values which Ladenburg has derived from corre¬ 
spondence considerations and measurements of dispersion and magnetic 
rotation. Agreement has been found in the dimensional order. The 
paper is entirely mathematical. II. H. Ho. 

2432. The Electron Theory of Solids and the Rigidity of Metals. D. 

Banerji. (Indian Assoc, for Cultivation of Science, Proc. 8. 3. pp. 199- 
210, 1923.)—This paper contains calculations of the coefficient of rigidity 
of the alkali metals on the basis of the atom model proposed by J. J. 
Thomson [see Abstract 277 (1923)], the results obtained being experiment¬ 
ally verified for sodium and potassium. The calculations include the 
cases of the apparently complex structures of the metals copper, silver 
and gold, which are generally considered to be related to the alkali metals 
in their monovalent character and the regular system in which they all 
crystallise. The calculations are extended to the case of the trivalent 
aluminium and divalent calcium, and good agreement is found between 
the calculated and the observed values for aluminium. It is assumed 
generally that the thermal motion of the electrons composing the atoms 
is nil, i.e. no account is taken of the temperature coefficient of the rigidity 
constants. II. H. Ho. 

2433. Electronic Orbits in the Alkali Metals. R. B. Lindsay. (Journ. 
Math. Phys. Mass. Inst, of Technology. 3. pp. 191-230, May, 1924.).—A 
detailed calculation of the dimensions of the electronic orbits in the atoms 
of the alkali metals on the basis of Bohr's theory and with certain simpli¬ 
fying assumptions. It is assumed that each electron will influence the 
orbits of other electrons as if the charge were distributed over an infinite 
number of surfaces spherical about the nucleus, the charge contained 
between any two being proportional to the time during which the electron 
is contained between them. In general the orientation of the orbits is not 
considered. It is known that the outer portions of the orbits are similar 
in shape to Kcplerian ellipses, and, since most of the time is spent by an 
electron in these outer portions, it is considered justifiable to take approxi¬ 
mate values for the effective nuclear charge and the effective quantum 
number and assume such elliptic orbits as initial approximations. Dia¬ 
grams of the orbits for the four alkali metals are given, and a value derived 
for the radius of the ions compared with figures of Grimm and Land6. 

A. Wh. 

2434. The Electrical Theory of Solid Bodies. J. Frenkel. (Zeits. f. 
Physik, 25. I. pp. T-30. 1924.)—In the present entirely mathematical 
paper the electrical potential of an atom (or molecule) and the mutual 
potential energy of two such systems are developed generally in terms of 
negative powers of the distances apart, with coefficients (spherical func¬ 
tions) whose parameters are the electrical moments of these systems. It 
is established that in the case of like atoms constant phase differences 
must play a fundamental part, and that such phase relations may occur 
also in the case of different atoms by a mutual synchronisation of the 
outer electrons. Based on these principles, and on I,and6's simplified 
cubic model of the carbon atom, the lattice theory for the diamond is 
developed, in which not only the lattice constants (dimensions, energy, 
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compressibility), but also the lattice type, can be established. The same 
method is next applied to the simplest heteropolar union (of the rock-salt 
type), wherebv, however, the results arc not so quantitatively exact. 

H. H. Ho. 

2435. Crystal Symmetry and Residual Radiation. C. J. Brester. 
(Zeits. f. Physik, 24. 5-6. pp. 324-344. 1924.)—When the reflective capacity 
of a crystal is graphically expressed as a function of the frequency of the 
incident rays, a curve is found which, in most cases, exhibits different 
characteristic reflection maxima. By repeated reflection, fairly homo¬ 
geneous ultra-red rays can be separated, to which the term residual (rest) 
radiation has been given. The present investigation relates to the oscilla¬ 
tions of a physical point system composed of a finite number of electrically 
charged particles, and dependent on the symmetry characteristics. It 
is shown how the results may be evaluated for an infinite crystal lattice. 
Comparison of the measurements of the residual radiation of different 
crystals serves to confirm the theoretical results. The latter are then 
applied to the case of calcspar, six types of oscillation being considered. 
The conclusion is drawn that the ions of a space-lattice cannot be regarded 
as spherically symmetrical point-forming particles, but constitute a con¬ 
figuration of more complex structure, which influences to a greater degree 
the mutual forces the smaller the distances apart of the ions concerned. 

H. H. Ho. 

2436. Values of the Magneton. P. Weiss. (J. de Physique et le 
Radium, 5. pp. 129-152, May. 1924.)—Values of the magneton have 
been deduced from many sources, and it is shown that similar values 
are obtained from metals at low temperatures, paramagnetic gases, salt, 
solutions, solid salts, metals below the Curie point and other materials. 
The magneton derived from these experiments is almost exactly one- 
fifth of that derived by classical theory from quantum considerations, 
and it is clear that the quintuple relation is an important one. Oxyg® n 
gas possesses 10 magnetons, while for the series of ions V+ + + +, Cr 

Fe + + + , in which the numbers of electrons increase by 2. the magnetons 
are 9, 19. 29. a difference of 10 in each case, or twice the quantum 
magneton. A completely satisfactory theory must explain the occur¬ 
rence of this quantity apparently one-fifth the moment of the quantum 
magneton. A. ^ • 

2437. On an Extension of the Adiabatic Hypothesis. K. FOrster- 
ling. (Zeits. f. Physik. 25. 4-6. pp. 253-264. 1924.)—The energy of a 
wave can be obtained adiabatically in two ways: (1) By adiabatic 
absorption at an atom and subsequent radiation emission ; (2) by aid 
of a movable mirror to act direct upon the radiation in the free ether. 
On the assumption that both operations lead to the same result, an 
extension of the Ehrenfest adiabatic hypothesis is now made whereby 
the damping of waves can be studied which are emitted by an atom wit • 
or without a magnetic field. The correctness of the hypothesis is direct y 
confirmed by the Doppler effect. The correspondence principle is modifie 
by means of the frequency condition as follows : (1) No more frequencies 
are radiated than occur in the Fourier expansion of the initial or nna 
orbit of the electron; ( 2 ) polarisation of these waves, as well as the 
connection between energy and rotation impulse, corresponds to that on 
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the classical theory ; (3) the hypothesis of the conservation of rotation 
impulse is valid. On application of these hypotheses to the transition 
of an electron between two circular orbits of unit quantum difference, 
it follows from (1) that only one frequency is radiated, from (2) that this 
wave is circularly polarised in the ray direction perpendicular to the orbit 
plane, and from (3) E = hv, since E/v is the rotation impulse of the wave, 
and h is the emitted rotation impulse. H. H. Ho. 

2438. The p and d Terms of Lithium. F. J. v. Wisniewski. (Phys. 

Zcits. 25. pp. 330-333, July 1, 1024.)—The author makes use of the same 
mathematical method as he employed in connection with the theory of 
the helium atom, which theory leads to results which are not contradicted 
by experiments ; it is shown that the outer (third) electron moves in a 
space curve when in the neighbourhood of the atomic kernel, and that the 
p term has the principal quantum number + 2 and the subsidiary quantum 
number — 1, agreeing with the p term of orthohelium, the subsidiary 
quantum number of which is (m 2 - «,) = - 1 . but not with that of 
parhelium. which is -f 2. For the d term w 2 - Mj is — 3 for lithium, 
orthohelium and parhelium. For the mathematical treatment of the 
problem the original paper should be consulted. H. N. A. 

2439. Structure of the Helium Nucleus. Y. Takahashi. (Phys. 

Math. Soc. Japan. Proc. 5. pp. 137-149. Oct.-Dcc.. 1923. In English.)— 
The nucleus of helium is assumed to consist of four protons in a circle and 
two electrons on the axis. The dimensions of the nucleus and the mass- 
decrement are calculated for the cases where either Coulomb's law or the 
quantum relation, or both, hold. To explain the observed stability of 
a-particles it is necessary to assume that Coulomb's law is not obeyed. 
From the probable form of the fields existing within the nucleus is deduced 
the relative probabilities of the formation of particles consisting of electrons 
and protons. These arc written In light elements the nucleus 

seems to consist of a-particles. r 2 P 3 . <\,P 2 . e,P t and protons, and a scheme 
showing the probable constituents of the nuclei of the elements up to 
vanadium is given. A. Wh. 

2440. The Relation Between the Crystal Structure and the Constitution 

of Carbon Compounds. Part II. Crystallography of Further Simple Sub¬ 
stitution Products of Methane. I. E. Knaggs. (Chem. Soc.. J. 125. 
pp. 1441-1444, July, 1924.)—The following compounds have been 
examined : ( 1 ) Chlorobromoacetomethylamidc. ( 2 ) cldorobromoaceto- 

cthylamide, (3) dichloroacetocthylamidc, (4) dichloroacctomethylanilide, 
(5) dichloroacetomethylanilide; (1) crystallises in the orthorhombic 
system, and stands by itself, the others in the monoclinic system, Evans's 
II Uc (holohedral) class. The isomorphism of (2) and (3) is extremely 
close. There is a close similarity in the ratio of the axes a and b of (1), 
(2) and (3), but the ratio of c and b is considerably smaller for (1) than 
for (2) and (3); the angle /J is nearly 90° in (2) and (3). Compounds (4) 
and (5) arc isomorphous. though not so closely so as (2) and (3). It is 
hoped to continue the investigation with the aid of X-rays. H. N. A. 

2441. The Crystalline Structure of Graphite. O.Hassel and H.Mark. 
(Zeits. f. Physik. 25. 4-6. pp. 317-337, 1024.)—By combining a number of 
different X-ray interference methods the lattice structure of graphite 
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has been examined, using single crystals, artificial and natural, and poly¬ 
crystalline material. A number of rays of different hardness were made 
use of. The smallest possible orthohexagonal elementary body has the 
dimensions a = 2-47, b = 4*25, c = 6-70, and contains eight atoms. 
Consideration of the intensities of the interferences leads to a c-edge 
centred lattice, with the reflecting power R lt shifted through 1/3 2/3 p 
with respect to a closest packing with reflecting power R 2 ; p lies between 
0 and 0 1. The results of Ewald, Debye, Scherrer and Hull agree with 
this structure. Figs. 1 and 2 show the arrangement of the atoms, which 
arc of two kinds, with different reflecting power, those indicated by black 



dots and those by small white circles. Hull's structure, in which all the c 
atoms arccrystallograpliically equivalent to one another, .s not one of the 
theoretically possible cases. • 


2442. The Crystal Structure of Argon. F. Simon and C. v. Shnson. 
(Zeits. f. Physik. 25. 2. pp. 160-164. 1924.)-The crystal structure of 
argon at a temperature of 40° abs. has been determined and found to be 
a face centred cubic lattice. The experimental arrangement was pre¬ 
viously described [Abstract 1064 (1924)]. 

As a mean value for the lattice constant at 40 abs a -5 
± 0 02 A, whence the density p = 165 ± 0 02. whereas the density 

of the liquid at the melting-point p 8 «- =1-42. '. 

The atomic radius ” = 1-92 A. The results are discussed in terms 
of the theory of the solid state to Mie. Born, and others on the assumption 
that each atom exerts attractive and repulsive forces on the ^hbourmg 
atoms, the forces being expressible in terms of simple distances and W 

potentials of reciprocal distances. .... an a it is 

Thus the potential energy per cell = 4>o = A /& “ B/5 • an 
concluded that for solid argon « = 9 and * = 15. though tte^dence 
is not conclusive. 

2443 Crystal Forms and Lattices. M. Yamada. (Phys. Zoits. 26. 
pp. 289-296, June 15, 1924.)—The method of arriving at the surface energy 
of crystals developed in previous papers [Abstracts 336 and 1600 (192 )j 
is made use of in certain simple cases, under certain assumptions as to 
action between the atoms, in order to ascertain whether the crystal w 
which the theory indicates are really found in Nature. The simple cud 
lattice (which does not occur among natural crystals, but which is maul - 
matically interesting), the cubic face centred lattice, the cubic body centr, 
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lattice and the diamond lattice are dealt with, first on the assumption that 
each atom attracts only its immediate neighbours, and second that it also 
attracts or repels the next atom beyond each neighbour. The results 
obtained strictly hold for the case where the temperature is absolute zero 
and the crystal is formed in a vacuum. The effect of temperature will 
not probably greatly change the form of the crystal, but the nature of the 
surrounding medium is important; only when the crystal is formed by 
sublimation are the required conditions approximately fulfilled. Of 
five metals, Cu, Ag, Au, Pb and Fe, crystallised by sublimation, one, Pt, 
crystallised in incandescent wires, and the diamond, as prepared by Moissan, 
all except iron have forms and cleavages or slip surfaces which agree with 
the theory. Iron is, unfortunately, the only example in the above list 
of a cubic body centred lattice; but between 900° C. and 1410° C. it is 
cubic face centred, so that no certain conclusion can be drawn as to whether 
the metals have a homopolar or a heteropolar structure. H. N. A. 

2444. The Influence of Gravitation upon Light from the Standpoint 
of the Ether Theory. R. Hiecke. (Zeits. f. Physik. 24. 2. pp. 117-120, 
1924.)—The two actions of gravitation on light which are involved by 
the theory of relativity are considered on the basis of Maxwell’s theory of 
light, and are treated on the assumption that the ether behaves as an 
incompressible liquid and in the neighbourhood of large masses experiences 
a very small increase of density. The deviation of a light ray obtained 
by the investigation is <j> = 2KM /cqt 0 . where K is the gravitation constant, 
and M the gravitation mass, and r 0 the length of the perpendicular from 
the centre of the sphere considered to the path of the ray of light. J. J. S. 

2445. Criticism of the Relativity Theory from the Mathematical-Physical 

Standpoint. G. v. Gleich. (Zeits. f. Physik, 25. 3. pp. 230-246, 1924.)— 
In this paper it is shown briefly how in the relativity theory the purely 
formalistic influences the physical content of the mathematical treatment. 
The author refers thereby to the notorious arbitrary character in Einstein’s 
mathematical development which has hitherto been stressed too little. 
Section 1 deals with the system of reference, Lorentz transformation, 
and invariance. The special theory of relativity, though associated with 
physical experiment (Michclson), depends, however, solely on its formal 
mathematical interpretation by Lorentz. In consequence, the rclativisa- 
tion of time (dealt with in § 2 ) is not physically founded, but is only the 
result of a mathematical assumption. This applies in an enhanced degree 
to the general theory of relativity, which, moreover, is affected with 
arbitrariness. Sections 3, 4 and 5 deal with the perihelion abnormality, 
light deflection, and red displacement respectively, which arc explained 
alternatively by at least equally valid means. H. H. Ho. 

2446. Gravitation and Newton's Third Law. G. Maneff. (Comptcs 
Kcndus, 178. pp. 2169-2161. June 23. 1924.)—H. Poincaird (Electricitd 
et Optique, 1901, p. 448.) has shown that Lorentz’s clectrodynamic 
theory violates Newton’s third law. This led Abraham (Ann. d. Physik, 10. 
p. 106, 1903) to consider an electromagnetic quantity of motion. Hase- 
nbhrl, admitting this, showed that the Lorentz contraction would follow 
[see Abstract 498 (1909)]. Finally, Planck introduced this quantity into 
general dynamics, assuming Newton’s third law correspondingly generalised 
to apply to energy as well as to the inertia of matter [see Abstract 412 
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(1909)]. The author’s objective is to determine the consequences of 
this generalisation, and applying to the energy and absolute time of 
classical mechanics. The result of the Michelson-Morley experiment, 
together with the Lorentz contraction in length and dilatation in time, 
then appear as consequences of the inertia of energy. Lorentz's local 
time becomes unreal—a mere parametric time. The classical relativity 
principle would therefore be inapplicable to ordinary mechanics. But, 
since u 2 /c 2 is negligible for ordinary speeds, the Galilean transformations 
would remain valid. Moreover, the author shows analytically that when 
approaching a gravitational centre the speed of light would decrease 
proportionally to its rate of approach. G. W. de T. 

METEOROLOGY AND GEO PHYSICS. 

2447. Climatological Data of the West Indies. (U.S.Dcpt.of Agriculture, 
3. pp. 89-90, Dec.. 1923.) 

2448. Investigation of the Dust Content of the Atmosphere. H. H. 
Kimball and I. F. Hand. (Monthly Weather Rev. 52. pp. 133-139, 
March, 1924.)—Observations have been made with an Owens' dust 
counter at the American -University and at the Weather Bureau, 
Washington. The number of particles observed at the University 
varied between 100 and 4000 per c.c., the average values being about 
400 per c.c. during the summer and 850 during the winter; the riumber 
counted at the Weather Bureau was greater in each period. The dust 
content in the winter of 1922-23 was nearly double that in the corre¬ 
sponding season of 1923 -24 ; this variation is attributed to differences 
in the relative amounts of bituminous coal and anthracite consumed in 
the city. 

A series of observations were obtained from aeroplanes, a dust counter 
of five times larger capacity than standard being employed ; this was 
equipped with ten interchangeable heads, in which cover glasses were 
placed before the flight. The records indicated a marked falling off in 
the number of particles above a certain height—approximately 6000 ft. 
in August and 3000 ft. in October and November. The amount of 
impurity present is less after a storm of rain, and in clear weather the 
dust content may increase between the surface and 2000-5000ft.; this may 
be due to convection, and in such weather the visibility at a height of 
several thousand feet may be much worse than at the surface. A. W. L. 

2449. Measurements of Solar Radiation and Atmospheric Turbidity 
over the Atlantic Ocean and in Argentina. F. Linke. (Monthly Weather 
Rev. 52. pp. 157-160. March, 1924.)—Values of the intensity of radiation, 
turbidity factor, absolute humidity, and blueness of the sky have been 
obtained from observations taken on an expedition which left Hamburg 
for Argentina on April 5, 1923, and returned to Hamburg on August 15,1923. 
The turbidity is divided into two parts, the former being due to the 
absorption by water-vapour and the latter to reflection from solid particles 
in the atmosphere. The percentage of red radiation transmitted appears 
to be practically independent of the dry turbidity and directly proportional 
to the vapour pressure. From this the effect on the red radiation of the 
selective absorption by water-vapour may be determined. The diurnal 
variation of the turbidity factor shows a maximum about mid-day and a 
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decrease towards evening. The mid-day maximum may be caused by 
the increase in the relative humidity at the upper limit of the convective 
layer. "* A. W. L. 

2450. The Crepuscular Phenomena of Mont Blanc. E. Bauer, A. 
Danjon and J. Langevin. (Comptes Rendus, 178. pp. 2115-2117, 
June 10, 1924.)—The crepuscular phenomena observed at a station at a 
considerable altitude have been studied at the Vallot Observatory (4347 m.). 
The purple arch resting on the earth shadow was observed, but the primary 
crepuscular arch and the purple glow were not seen. The secondary 
crepuscular arch was observed frequently, and the heights of the colours 
which correspond with different distances of the sun below, the horizon 
have been obtained. When the sun reaches 17° 50' below the horizon 
the arch disappears, but at 21° a further faintly luminous segment has 
been observed ; this may be another crepuscular arch. The results 
obtained are in accordance with the view that the arches are caused by 
the scattering of sunlight in the atmosphere around the earth shadow. 

A. W. L. 

2451. Organic Bodies Found in the Air oj Washington and London. 

N. Shaw. (Monthly Weather Rev. 52. pp. 139-141, March. 1924.)— 
Comparatively large particles, which appear to be of organic origin, 
have been found in records of atmospheric pollution both in England and 
America. These particles arc generally oval in shape, and occur in greater 
numbers in wet weather, when there may be over 20 per litre. As far 
as can be observed, the bodies correspond with spores of mildew ; they 
may be explained on the basis of spores of microfungi which occur more 
frequently in wet weather. The cells occurring on dead leaves appear 
to be identical with, and are probably the chief cause of. those occurring 
in the atmosphere. A. W. L. 

2452. Magnetic Method of Geological Exploration. W. O. Hotchkiss. 
(Am. Inst. Mining Eng.. Trans. 69. pp. 36-47, 1923.)—In view of present- 
day high working costs for mining, magnetic methods of surveying where 
rocks are obscured by soil arc recommended, since field methods are 
capable of detecting small variations in magnetite content. The factors 
influencing the magnetic effect of magnetite are discussed, viz. the 
amount of magnetite, its permeability, and the shape and disposition of 
the magnetic mass. In rocks the amount of magnetite may vary from 
zero to over 9 per cent. The use of the declination compass and the dip 
needle with counterpoise is described. In the author’s form of the latter 
instrument the axis of the needle is perpendicular to the line of total 
force, and the counterpoise acts at the end of a horizontal arm. If the 
total force changes, the needle becomes unstable, and a large deflection 
results. By changing the inclination of the arm to the axis of the needle 
the sensitiveness of the needle may be varied. When the magnetic method 
was applied in the work of the Wisconsin Geological Survey, the boundary 
between a quartzite and a slate could be followed with assurance, even 
though covered by many feet of glacial drift. Other instances arc related 
in which the method was successful in elucidating geological structure. 

G. E. A. 

2453. Seismophysics and the Interior of the Earth. R. Yamamoto. 
(Ann. de Physique, 1. pp. 293-346. May-June, 1924.)—A comprehensive 
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exposition, mostly mathematical, of the theory applying to the propaga¬ 
tion of seismic waves. The general theory of the waves is given as well 
as the methods used for calculating the positions of the epicentre and 
the hypocentTe and the velocity of the waves. The general correctness 
of the theory is tested by applying it to the case of the Japanese earth¬ 
quake of September 1, 1923. Hence the velocity of the longitudinal 
wave at the surface is 7 • 205 km. per sec., which compares well with the 
value 7 -174 given by Zoppriz and Geiger. The theory of Wiechert that 
the centre of the earth is of metallic iron appears to lack confirmation, as 
the variation of velocity with depth appears to be continuous. A. Wh. 

ASTROPHYSICS. 

2454. Rotation Period of the Sun as Derived from Magnetic Storms. 
E. W. Maunder and A. S. D. Maunder. (Roy. Astron. Soc., M.N. 
84. pp. 610-615, June, 1924.)—The number of well-defined magnetic 
storm pairs is tabulated against the time interval between the components 
of the pair, and a sharp maximum is apparent at 27-27-2 days. Hence 
it is concluded that the mean rotation period as derived from magnetic 
storms is sensibly the same as that given by spots, faculae and similar 
phenomena. The conclusion is drawn that the streams of electrons behave 
as if they were rotating with a similar velocity to the areas from which 
they originate. Photographs of prominences support this interpretation,- 
and an analysis of certain nebular phenomena by Jeans shows that such 
a form of motion is to be expected under some circumstances. A. Wh. 

2455. Photometric Intensity of Corona at Eclipse of 1922, Sept. 21, at 

Wallal. A. D. Ross. (Roy. Astron. Soc., M.N. 84. pp. 660-662, June, 
1924.)—A description is given of the photometer and means whereby 
the light intensity from three sources could be recorded in each test on 
the same plate. Two forms of plate were used—an Ilford Special Rapid 
and a Wellington Antiscrccn—and exposures were made on the moonlight 
of Sept. 6 and the coronal light of Sept. 21 at the same altitudes. The 
first plate gave for the coronal light as compared with moonlight the 
values 0-62 and 0-59, the second 0-77 ; the difference being attributed 
to the difference in sensitiveness in the plates to the green. The author 
suggests that coronal light differs from time to time in the ratio of visual 
to actinic rays and in its whole intensity, and probably this variation 
progresses with the solar cycle. An amylacetatc lamp test gave 0*18 
lux for the brightness of moonlight on Sept. 6. A. S. D. M. 

2456. Diameter of Sun. G. Armellini. (Accad. Lincei, Atti, 33. 

i. pp. 330-334, May 4, 1924.)—The mean diameter of the sun at the mean 
distance is, including irradiation, 16' l'-40 ± O'-02, to compare with the 
conventional 16' l'-18. The probable error, ± O'-02, is much less than 
the presumable pulsation of the solar diameter (not exceeding 1', La ne », 
Ambronn, Schur). A. P- 

2457. Cosmical Refraction. H. Kienle. (Phys. Zeits. 25. pp. 306-307, 
June 16, 1924.)—In reply to L. Courvoisier [Abstract 1107 (1924)],' 
Kienle maintains that it was necessary to warn readers against accepting 
conclusions - which are based on a mistaken method. This method he 
demonstrates by two- figures, representing: graphically Gourvoisier's 
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reduction of observations of two stars. In each figure three lines are 
drawn, one connecting points which indicate the actual observations, 
one. representing the interpolation curve of Courvoisier based on these 
observations, and one his theoretical curve of yearly refraction. It is 
pointed out that the observational and the theoretical curves have scarcely 
any resemblance to one another. j\I. a. E. 

2458. The Orrery in the Deutsches Museum, Munich. W. Bauersfeld. 

(Zeits. Vereines Deutsch. Ing. 68. pp. 793-797. Aug. 2. 1924.)—This 
article describes the construction of an orrery which has been designed 
and made by the firm of Zeiss in Jena. By means of a projection apparatus 
a graphical representation is given on a sphere. 10 m. in diam., of 
the apparent motions of the heavenly bodies, including the sun. moon, 
planets and the fixed stars. W. H. S. 

2459. Real and Apparent Velocities. A. V. Douglas. (Roy. Astron. 

Soc., M.N. 84. pp. 491-493. May. 1924.)—Adams' and Eddington's 
results concerning the relations between velocities and absolute magni¬ 
tudes of giant stars arc criticised in the light of Silberstcin's work 
[Abstract 1112 (1924)] on de Sitter’s space-time theory. It is shown 
that, although for stars comparatively near to the observer the spectral 
displacement depends chiefly upon their actual radial velocity, for stars 
at distances beyond 100 parsecs it depends chiefly upon the curvature 
invariant of space-time. Hence velocities too high have probably been 
ascribed to the very remote stars included in these investigations, and 
these stars must also be intrinsically very bright. It is possible that if 
this error were corrected, the progression of radial velocity with absolute 
magnitude would agree better with Eddington's formula for tangential 
velocit y- M. A. E. 

2460. Measures of Double Stars discovered since 1905 made at the Lille 
Observatory and at the Royal Observatory, Greenwich. R. Jonckheere. 
(Astron. J. 35. pp. 173-180, June 30, 1924.) 

2461. Mean Absolute Magnitude of a Group of Stars. G. Prasad. 

(Roy. Astron. Soc., M.N. 84. pp. 493-499, May. 1924.)—Absolute magni¬ 
tudes and parallaxes, together with the methods employed in finding 
them, for stars of types F to M have been published by the Mt. 
Wilson, the Norman Lockycr, and the Dominion Astrophysical Observa¬ 
tories. and the method employed at the latter differs from the others. 
This method is criticised, and objections to the formula? used arc pointed 
°k M N ° ne ° f thC ob i ections a PP*y to the formula used by Edwards at 
the Norman Lockyer Observatory for his work on the B-typc stars 
[Abstract 1736 (1924)], •• M. A. E. 

2462. Absorption of Radiation within a Star. S. Rosseland. (Roy. 
wf^!V ? oc " M ' N - 84 -PP- 625-628, May. 1924.)—Eddington [Abstract 893 

(1917)] has given the mean absorption coefficient in the interior of a 
star as:— 
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where B(v) is the energy of black body radiation of energy v and X„ the 
absorption coefficient for this frequency. This coefficient can only 
validly be used when X v is independent of the frequency. From the 
fundamental equation of radiative transfer it is concluded that X should 
be defined by :— 

TDB(t;) dv 

i 

rr w 

Averaging the absorption coefficient according to this expression will 
intensify the discrepancies between theory and observation already noted 
by Eddington. A. Wh. 

2463. Cumulative Ionisation in Stellar Atmospheres. M. C. Johnson. 
(Roy. Astron. Soc.. M.N. 84. pp. 616-624, March. 1924.)—The effect is 
considered of taking into account the flux of radiation from the interior 
of a star upon the equilibrium ionisation of the external layers. Such 
radiation, by exciting atoms, will render some electron collisions potent 
to effect ionisation which would not otherwise have done so. In general 
the probability of ionisation in the stellar atmosphere will be increased 
if the effect of radiation is taken into account. Cumulative ionisation 
may also explain the greater ionisation of barium than sodium in the 
sun, as the former has three excitation potentials before ionisation at 
6 19 volts, while the latter has two and ionises at 611 volts. The time 
taken for the return of an electron in an excited or ionised atom seems 
to be greater for ionised than for excited atoms. This may explain the 
rapidity of successive ionisations noted by Saha. A. Wh. 


2464. Jeans' Theory of Origin of Stars. H. Shapley. (Harvard 
Coll. Obs. Circ. 257. [4 pp.], 1924.)—A critical investigation of Jeans’ 
argument that the sun was a condensation of the arm of a spiral nebula 
of density enormously lower than it is now. and of size correspondingly 
greater [sec Abstract 1102 (1924)]. The example investigated is Messier 33, 
whose parallax is accepted as O'-0005, and at this distance typical 
low-density giant stars of all classes would be brighter than the 12 th 
apparent magnitude. The nebulous points measured (supposed by Jeans 
to be ancestors of stars) in Messier 33 have a photographic magnitude of 
about eighteen, and the corresponding absolute magnitude can be only 
-f 6 or fainter, indicating a luminosity like that of dwarf K-stars. Within- 
4 degrees of Messier 33 arc 500 faint irregular nebulous flecks, quite non- 
stellar in appearance, and probably past products of the nebula; if they 
are at its distance they are intrinsically very faint, and the distribution 
of faint stars in the region shows no influence of the great spiral. Similarly 
for other bright nebulae, photometric examination shows that spiral 
nebula? are not directly generating either stellar clusters or typical stars 
that are larger and less dense than the sun. A special case is given of 
contrasted distribution of giant stars and spirals—in the north galactic 
hemisphere a conspicuous group of bright nebula;, in which sphericals, 
ellipticals, spirals and spindles are closely associated, evidencing genetic 
relationship. Of these, the integrated photographic magnitudes have 
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been measured, and they show relatively small dispersion in their magni¬ 
tudes, the average being about one fainter than that of van Maanen’s 
spirals, so that probably they are less than twice as distant, and any stellar 
bodies produced from them should be about a magnitude fainter than 
those produced by van Maanen’s spirals. But the relative frequencies 
of stars in this region show no youthful stars nor unusual numbers oi 
stars, but rather a deficit. If the nebulx are traced backward along their 
hypothetical paths in space, no evidence is found of past stellar creations 
from these spirals, nor any transition from faint non-galactic nebulous 
tleck to highly luminous galactic class M giant star. The direct data of 
photometry and stellar distribution lend little support to the hypothesis 
that spiral nebulx arc generating normal low-density stars. A. S. D. M. 

2465. Distance and Dimensions of the Smaller Magellanic Cloud. 
H. Shapley. (Harvard Coll. Obs. Circ. 255. (5 pp.]. 1924.) The methods 
used in revising the photographic magnitudes of stars in the Small Cloud 
arc described, and the parallaxes of 89 Cepheid variables contained in it 
are found by deduction from the period-luminosity curves of these stars, 
flic weighted mean of these parallaxes gives a distance of 31 kiloparsccs 
for the Small Cloud and a linear diameter of 2 kiloparsccs. equal to 
6500 light-years. Its velocity of recession is about 170 kilometres per 
second, and if this has been essentially the same in the past the Cloud 
must have been in or near the plane of the Milky Way in the year 
“ 19 * ,o8 - Thi » suggests the possibility that the star-clouds now in 
the Milky Way may not remain permanently as a part of our system. 

I he brightest stars in the Small Cloud appear to have a higher luminosity 
than any yet recorded, being more than 50.000 times as luminous as the 
sun. . Some of the brightest variables have been shown to belong to 
classes K5 and M, and if the usual relation of surface luminosity and 
spectrum which obtains in the Galaxy applies also to these stars, they 
must have diameters of the order of 10° kil., being therefore much larger 
than Bctclgcuze and Antares. Other points will be dealt with in later 
P a P crs - M. A. E. 


2466 ’ Spectroscopic and Magnitude Observations of Mira Ccti, 1924. 
Ji* J . # S ’ , Lockyer * (Koy. Astron. Soc.. M.N. 84. pp. 558-568. June, 
lwAf.J—Tnc observed date of maximum was Jan. 29. 1924. as predicted 
>y Leon Campbell, and the observed brightness was magnitude 4-9. the 
faintest maximum recorded since 1886. Since greater divergencies occur 
in estimating the brightness near the time of maximum than occur at 
other times, even amounting sometimes to a whole magnitude, it seems 
possible that Mira at maximum undergoes rapid oscillations. Two series 
of spectra were obtained, one with the 12 -inch and the other with the 
J-inch prismatic camera, and altogether thirteen photographs were 
secured between Jan. 4 and Feb. 23. 1924. An examination of these, 
and a comparison with photographs taken by various observers at other 
maxima, show that the relative brightness of the hydrogen lines at 
maxunurn is the same, however the maximum brightness of the star 
may differ The presence of other bright lines, which has been suspected, 
is regarded as disproved, as apparent bright lines were identified with 
interspaces between absorption lines, especially when the spectrum of 
Mira was compared with that of a Herculis ; for the spectrum of this 
star, winch is of type Md. without any bright lines, has dark lines and 
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bright interspaces identical with those of Mira, and the intensities in both 
spectra are also remarkably similar. The chief absorption lines in Mira 
are due to the elements usually recorded, namely Ca, Fe, Al, Sr, Cr, V; 
and Mn and Ti, about which some observers had expressed uncertainty, 
were found to be undoubtedly present also. All the flutings of titanium 
oxide tabulated by Fowler, which fell within the range of the plates used, 
are recorded. Two illustrations accompany this paper, showing the spectra 
obtained, one with other stellar spectra for comparison, and the other 
demonstrating the identification of the absorption lines with the elements 
above mentioned. M. A. E. 

2467. Absorption Hands in Celestial Spectra. F. E. Baxandall. 
(Roy. Astron. Soc., M.N. 84. pp. 568-575. June, 1924.)—The G type of 
stellar spectra (to which the sun belongs) is the earliest type to show bands 
or flutings as well as lines, but later types all have banded spectra of some 
form or other. R- and N-types show strong carbon absorption, K and M 
strong Ti0 2 absorption, and the class S, recently added by Merrill, shows 
all the thirteen bands of zirconium oxide. In some of these types there 
are also prominent bands which have not yet been identified. Sunspot 
spectra have marked banded absorption, the three most prominent elements 
represented being titanium oxide, magnesium hydride and calcium hydride, 
but there are also many other local regions of absorption which strongly 
suggest heads of bands. In this paper the author has brought together 
and catalogued in order of wave-length all the apparent bands whose 
positions in stellar and solar spectra have been recorded or arc recognisable 
from published reproductions, the total number of bands amounting to 112 . 
The chief sources used for this purpose are Roland's maps of the Fraunhofer 
spectrum ; Hale’s sunspot maps ; Stebbins' spectra of Mira and other 
M-type stars ; Rufus’ spectra of R stars ; Hale, Ellerman, and Parkhurst's 
N stars; Merrill and Wright's S stars. The writer has used his own 
discretion as to what he judges to be heads of bands in the sunspot spectra. 
Bands hitherto unidentified have been compared with the bands of various 
chemical compounds, but there appears to be little evidence for the identi¬ 
fication of the great majority with any other substance than those already 
known in stellar spectra, namely compounds of carbon, titanium, 
magnesium, calcium,-and zirconium, with oxygen, hydrogen, or nitrogen. 

M. A. E. 

2468. Spectrum of y Cassiopeia, Hf} to B. Stonyhurst Colleg® 
Observatory. (Roy. Astron. Soc., M.N. 84. pp. 676-682, June, 1924.)-- 
This paper summarises the spectroscopic investigation of y Cassiopei® 
carried out in 1921-22, and completes the work of Father Sidgreaves on 
the star, which he published in 1899 (M.N., R.A.S., 69, 605). His study 
of wave-lengths extended from A3963 to A6576, and the present study 
extends from H/? to B, thus giving a sufficient overlap for comparison. 
Out of about twenty photographs secured, the best six were selected 
for measurement, and three micrometer settings were made on each 
line, both in the direct and in the reverse positions. Table I gives the 
intensities, character (emission or absorption), and probable origin s of 
the lines, as well as their wave-lengths ; and also the measurements of 
Dr. Curtiss, Father Sidgreaves (where there is overlap), and Miss Heger 
(Lick Observatory) for comparison. There is no indication of variability 
in the spectrum so far as the prominent lines of hydrogen and the 
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faint bright line D3 are concerned ; and where different observers have 
assigned different characters to the same lines it is most likely that the 
lines have both emission and absorption components. The predominant 
feature of the spectrum is the series of bright hydrogen lines, decreasing 
in intensity with decrease in wave-length. The bright lines Ha and 
Up are very broad, and are probably double lines, unresolved on account 
of the smallness of the dispersion (the length of the spectrum from Hf} 
to B is a little less than 8 mm.). Otherwise the spectrum consists mainly 
of bright lines of no great intensity, interspersed with dark bands. In 
this portion of the spectrum the bright lines are much more numerous, 
and they are practically all identical with lines in the sun’s chromosphere. 
The plate which accompanies the paper shows the complete spectrum of 
the star in three overlapping sections. M. A. E. 

2469. Radial Velocities of Stars of Spectral Class /?. R. F. Sanford. 
(Mt. Wilson Observat. Contrib. No. 276. Astrophys. J. 59. pp. 339-355, 
June, 1924.)—The most marked features of the spectra of R-type stars 
are bands, due to carbon and its compounds, resembling those of N-typc 
stars; but there are differences in individual lines and in relative line- 
intensities, and R stars have more light in the violet, especially among the 
early sub-types. The Harvard observers have found between 60 and 70 
stars of this class scattered over the sky. all of which arc invisible to the 
naked eye, and 61 % of visual magnitude 9 or fainter; they arc all red, 
and therefore fainter photographically than visually. Rufus has made 
a careful study of the spectra of 10. and deduced their radial velocities 
(Publications of the Observatory. University of Michigan, 103, 1916). 
Since the year 1919 efforts have been made at Mt. Wilson to obtain 
spectrograms of as many stars of this class as possible with the 100-inch 
telescope, using a slit-width of about 0 002 inch and a dispersion usually 
of 44 A per mm. at A4500; and a table is now given showing the radial 
velocities of 29 R stars (including the 10 of Rufus), with the addition of 
one S star and one peculiar variable somewhat resembling N stars. 

Comparison of the radial velocities of R and N stars furnishes further 
justification for certain systematic corrections which Moore applied to his 
velocities for N stars, and connects the radial-velocity systems of classes 
R and N in a satisfactory manner. Although the data are limited, the 
solar motion referred to this group of R stars seems to be in satisfactory 
agreement with that derived from stars in general, and thus confirms the 
measures. There are no trigonometrical parallaxes for any of these stars, 
and the proper motions are all very small, but an approximation to the 
mean parallax for 18 of them has been obtained by combining parallactic 
and peculiar motions with radial velocities, and from this a mean absolute 
magnitude of -1-5 has been deduced, which agrees so closely with Moore’s 
value for N stars that the two classes must be nearly alike in luminosity. 
The varying relative intensities of a pair of spectral lines have been studied, 
and found to agree in behaviour with the same pair in giant G stars. Thus 
confirmation is found for the spectral sequence of G, R, N stars already 
established on other grounds. 

Spectrograms of R and N stars taken with ammoniated Ilford Special 
Rapid Panchromatic plates indicate that these reel-sensitive plates could 
be used with advantage for late R and Nb stars. MAE 
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2470. The Velocity of Light. M. la Rosa. (N. Cimento, 1. pp. 49- 
98. Jan.-April, 1924.)—The author discusses the question as to what 
would he seen if a more or less remote double star emitted light with a 
velocity V = C + v or with a velocity V = c . The facts predicted on 
the former hypothesis, not on the latter, are in accordance with observa¬ 
tion. This tells against Einstein's postulate of the constancy of the 
velocity of light. V = c. The superstructure erected by Einstein on the 
foundation of relativity will have to be rebuilt, as it can be, on the 
ballistic hypothesis V = c 4- v. All the facts so far observed are in 
harmony with the ballistic hypothesis. There are. however, some out¬ 
standing difficulties, as to which a further paper is promised. A. D. 

2471. Metallic Lustre. I. W. D. Bancroft and R. P. Allen. 
(J. Phys. Chem. 28. pp. 588-610, June. 1924.)—In continuation of previous 
work [Abstract 1031 (1919)). the author discusses critically the subject 
of metallic lustre from the point of view of the psychologists, contributions 
to the subject made by Wundt, Dove and Kirschmann being examined 
in detail. Wundt maintains that lustre is observed when one sees or 
thinks one sees one image behind another. Kirschmann’s theory is based 
on Wundt’s, and leads to the conclusion that metallic lustre is due to the 
parallax of indirect vision. The author considers that a very considerable 
portion of the theory developed by Kirschmann is incorrect. J. S. G. T. 

2472. Critical Opalescence. A. Andant. (Ann. de Physique. 1. 
pp. 346-420, May-June, 1924.)—Critical opalescence is the term applied 
to the phenomena observed in the neighbourhood of the critical point of 
a substance. The most important of these phenomena is the diffusion 
of light which accompanies the disappearance and reappearance of the 
interface or meniscus separating the liquid and gas phases. The author 
reviews briefly previous theoretical and experimental work on this subject, 
and gives details of an experimental investigation of the critical opalescence 
observed in the case of ethyl ether and a series of four homologous acetic 
ethers. The results obtained indicate that from the temperature at 
which opalescence appears to within 015° of the critical temperature 
the opalescence is inversely proportional to the difference between the 
critical temperature and the temperature at which the observation is 
made. The liquid phase is slightly more opalescent than the vapour 
phase. Over the same range of temperatures the opalescence vanes 
as A -4 , A denoting the wave-length of the diffused light. In the immediate 
neighbourhood of the critical temperature, the exponent of A in the 
expansion indicating the relation between the opalescence and wave¬ 
length passes continuously from the value — 4 to — 2. The opalescence 
observed was found to be expressible as a parabolic function of the content 
of the tube employed. The temperatures of disappearance of the meniscus 
and its reappearance were similarly expressible as parabolic functions. 
For a certain critical content the temperature at which maximum opales¬ 
cence was observed corresponded with either of these temperatures or 
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with the critical temperature indifferently. In the case of the scries of 
homologous acetic ethers studied the opalescence varied approximated 
as the square of the molecular weight of the ether. These results are in 
agreement with the theory developed by Einstein and Smoluchowski and 
extended by Ornstem-Zemicke. Values of Avogadro’s constant equal to 
58 x 10- and 62 x 10 22 were deduced by applying the Einstein-Smolu- 
chowski formula to observations of the opalescence observed in the case 
of ethyl ether at a temperature 1-2° below the critical temperature. 
[See also Abstract 1350 (1923).] j $ (i T 

2473. Critical Opalescence of Carbon Dioxide. D. K. Bhattacharyya. 

(Indian Assoc, for Cultivation of Science, Proc. 8. 4. pp. 277-288. 1923.)_ 

Raman and Ramanathan have investigated the scattering of light in CO, 
over a wide range of temperature and pressure [Abstracts 892, 893 (1923)). 
aqd, the results obtained conform with the theory as proposed by Einstein 
and Smoluchowski. The experimental arrangement, however, did not 
admit of exact determinations in the immediate neighbourhood of the 
critical temperature where the Einstein expression for the fraction scattered 
would become infinite. Ornstein and Zernicke have modified the formula 
to suit the case of the critical temperature. This modified formula 
reduces to 

a = (w 2 RT/J/18NA 4 ) . Ox 2 - l) 2 . (^2 + 2)2 . (1) 

where a is the fraction of light scattered per unit volume per unit solid 
angle in a direction perpendicular to the incident beam. R is the compres¬ 
sibility. R is the gas constant. T the absolute temperature. N the Avogadro 
number. p the refractive index, and A the wave-length. For the critical 
temperature 

a e «= At»(fi 2 - 1)2( M 2 + 2 )V/Nc 2 A*. (2 ) 

V is the molecular volume and € the radius of action of a single molecule. 

In the author s experiments the CO* was contained in a sealed glass 
bulb placed at the centre of a thermostat, the temperature of which could 
l>e varied between 29° and 35° C. and read to O OP by means of a 
Beckmann thermometer. Light from a pointolite lamp of 1000 c.p. 
passed through the liquid, and the light scattered normally was examined 
0y a Huger spectrometer. Comparison of intensity was made with the 
direct light from the lamp, which passed through two Nicols. The rela- 
tive orientation of the Nicols allowed of adjustment of equality of intensity 
of the two halves of the bands in the spectrometer. Curves given in the 
paper show that for temperatures some distance above and below the 
t ® m f e / l ature a varies inversely as A 4 , but in the immediate neigh¬ 
bourhood of the critical temperature inversely as A 2 . It was also found 
J . for a fixed wav e*length is greater with falling tempera- 

ture thafi with* rising temperature. This has been previously noticed by 
Anclant (Abstract 2272 (1922)]. By using a perforated disc rotated at 
a known speed the intensity of the opalescence was determined abso- 

UtC > o <1 -t Ct determination at 30-6°C. and for A *5400 A. gave 
a = 2-79 x 10 . The value calculated from equation (1) is 2-20 x 10~ 4 
A mean value of a< reduced from the relative intensity curves is 9-70 x 10 - 4 ’ 
which gives for e by equation (2) 7-7 x 10-7 cm . L j ' 

2474. Dispersion of Water in the Ultra-violet. J. Duclaux and P 
Jeantet. (J. de Physique et Ie Radium. 5. pp. 92-94, March 19 *> 4 » 

VOL. XXVII.—A.—1924. ' ' 





872 


SCIENCE ABSTRACTS. 


In continuance of experiments previously described [see Abstract 856 
(1922)], the refractive index of water at 20° C., with reference to air for 
a further range of wave-lengths obtained by sparking between electrodes 
of Al, Cd, Zn and Ag. is determined with great precision in an apparatus 
of which the optical and geometrical constants are calibrated, by the 
determination of the accurately known refractive indices for the rays 
D and H. A table is given showing the results obtained, together with 
the corresponding indices calculated from the ordinary dispersion 
formula and some results obtained by Flatow. Curves are also given 
indicating variation of refractive index with wave-length for water, 
fluorine, and quartz, from which it is seen that the dispersion of water, 
feeble in the visible spectrum, becomes, in the ultra-violet, considerable 
and superior even to that of quartz. • 1 A. B. C. L: 

, 2475. Theory of Diffraction at Edge of a Black Screen. A. Rubinowicz. 
(Ann. d. Physik, 74. 5. pp. 459-460, June, 1924.)—Claims priority in the 
treatment of Kirchhoff’s theory described by F. Kottler [see Abstract 
2398 (1923)]. J. W. T. W. 

2476. The Law of the Limiting Perception of Luminous Flashing 
Signals. A. Blondel and J. Rey. (Comptes Rendus, 178. pp. 1245- 
1247, April 7, 1924.)—Referring to the paper of H. Pidron [Abstract 1421 
(1924)] the authors point out that he has been studying a different 
phenomenon from that which they have been investigating. The con¬ 
troversy between them appears to be largely one of terminology. What 
Pitfron calls '* luminous excitation of the retina by brief flashes " should 
strictly be called excitation by " brief illuminations." The law estab¬ 
lished by the authors is intended solely to apply to the best conditions 
of emission of signals from lighthouses or of similar signals produced by 
sources which, as they are to be observed at great distances, behave for 
the observer as if coming from point sources. As Pidron has remarked, 
the point sources of light investigated by the authors can excite only a 
single cone or a jingle rod, and have thus a special character physiologi¬ 
cally. Pi6ron has studied trains of luminous waves of finite dimensions, 
and has seen opposition between his results and those of the authors. In 
reality the two phenomena have nothing in common. The differen 
sets of experiments deal with quite different facts. By employing large 
numbers of inexperienced observers preconceived prejudice is avoided, 
and the method of recording avoids errors due to auto-suggestion. Tne 
observations of the authors are meant to apply to maritime signals, in 
which it is impossible to realise signals of duration less than Jo sec. 

* J-J 15, 

2477. Effect of Colour of Light on Visual Fatigue. O. Schneider. 

(Zeits. techn. Physik, 6. 8. pp. 355-357, 1924.)—The author describes tne 
results of reading tests carried out to determine the relative fatigue o 
the eye with twenty lux illumination of lights of various colours. Tne 
results obtained with yellow light were similar to those Obtained wi 
white (tungsten filament vacuum lamp). Maximum fatigue was foun 
with red and with blue-green lights. 1 • J. W. T. 

2478. Effect of Composition of Light on Important Ocular Functions^ 
C. E. Ferree and G. Rand. (Am. Ilium. Eng. Soc., Trans. 19. pp. 424- 
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447; Disc., 447-455. May, 1924.)—In investigations of the eye's acuity, 
speed of discrimination, and power to sustain acuity for spectrum lights 
of a high degree of purity, the efficiency of the eye is found to be greater 
in the mid-region of the spectrum, but is still inferior to that obtained 
with white light illumination. The spectrum lights employed in the 
investigation are equalised both as to saturation and luminosity. Fatigue 
tests are carried out showing that yellow (amber) light is most favourable 
for sustaining clear sight, and shows the least tendency to produce dis¬ 
comfort. In the Discussion, the ocular values of various “daylight 
lamps ” are referred to, and a short account is given of the physiological 
and pathological effects of working under conditions of low-intensity 
illumination. A. B C L 

2479. The Rotation of the Plane of Polarisation of Light in Liquids 
by a Magnetic Field. M. Sende and G. Wiarda. (Phys. Zeits. 25. 
pp. 278-280, June 1. 1924.)—Experiments are described which lead 
tho authors to the conclusion that the phenomena observed by Marshall 
Holmes are of a subjective nature. (See Abstract 68 (1924).) J. J. S. 

2480. Projection of Phototypes of Large Size over Great Distances, 

L. Lumidre. (Rev. d’Optique. 3. pp. 281-283, June. 1924.)—The pro¬ 
jection of large images in a room where the screen is necessarily far from 
the objective presents special difficulties with images obtained on auto¬ 
chrome plates on account of diffusion. A satisfactory solution of the 
problem is furnished by the use of objectives made up of two planoconvex 
lenses, associated as in Ramsden's ocular. A. B. C. L. 

2481. The Application of the Tube Photometer in Spectrophotometry. 

K. Schaum, W. Henss. (Zoits. wiss. Phot. 23. pp. 7-11, June, 1924.)— 
Tho weakening of light by moans of diffuse reflecting colourless layers, as 
it has been applied by K. Schaum and S. Selig to quantitative spectral 
photography, meets with difficulties in tho ultra-violet, since the cnfecbic- 
mont of light obtained by means of photometric measurement in tho 
visible portion docs not hold for the region of selective absorption. The 
authors have therefore endeavoured to make use of the quite simple light 
weakening by diffusion in such a way that it may be also available for 
tho region of selective absorption. The two bundles of rays arc compared 
by means of a so-called “ tube photometer,” and tho weakening of the 
light is produced, not by increasing the diffusing layers, but by lessening 
of tho scattering surface in which a path of radiation is caused. Details 
aro given of tho arrangoment and the results obtained in the case of 
potassium bichromate. The authors hope shortly to make the apparatus 
in quartz and carry out measurements in tho ultra-violet. J. J. S. 

2482. Double Spectrograph for the Far Ultra-Violet. P. Lambert, 
G. Dtjardin and D. Ghalonge. (Rev. d'Optique, 3. pp. 277-280, 
June, 1924.)—The instrument was designed for the study of solar radia¬ 
tion of wave-length 2100 A. Less refrangible rays arc diffused by the 
optical elements of an ordinary spectrograph in such quantity as to fog 
the plate before tho shorter waves can be recorded. In place, therefore, 
of an instrument with 60 ° prism two spectrographs arc used in train, 
each having a 30° quartz prism and lenses of 15-6 cm. focal length (for 
2000 A.). The spectrum from the first is thrown on to a screen with 
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adjustable shutters, which are arranged to transmit only that part of the 
spectrum which it is intended to photograph with the second instrument. 
Most of the copper lines between 2150 A. and 1950 A. were recorded with 
an exposure of one second. Both ordinary plates, treated with fluorescent 
oil, and also Schumann plates were used. With the latter no trace of 
solar radiation in this region was recorded in forty minutes. F. S. 

2483. The Relation between Aperture, Axial Thickness and Form for 
a Single Lens. T. Smith. (Optical Soc., Trans. 25. 3. pp. 107-112; 
Disc., 112, 1923-1924.)—The paper contains a comparison between the 
exact and various approximate expressions connecting the attainable 
aperture and the axial thickness for simple lenses of various shapes. The 
most accurate formula suggested is 

T ^ A{4 - 2A(X + 3)}/{l - 5A(X -f 2)} 

where A. T and X are ratios depending respectively on the aperture, 
thickness and lens shape in relation to total lens curvature. The paper 
itself should be consulted, as it is entirely mathematical. In the Discus¬ 
sion the above formula was welcomed, present practice using a form 
T ^ A + A 2 (3* 2 + l)/3 = A(1 + A/3) + A 2 * 2 , where x = (R, + R 2 ), 
T/(Rj — Ro). Rj and Ro being the curvatures of the two surfaces. 

H. H. Ho. 

2484. On Lens Faults for Oblique Pencils. Eva Haberland. (Zeits. 

f. Physik. 24. 5-6. pp. 285-323, 1924.)—The paper contains an extension 
of the Waetzmann-Bratke interference method [see Abstracts 473 and 
1144 (1924)] for the investigation of optical systems to the case of oblique 
pencils. The interference images are investigated for different types of 
objectives with inclined lenses. The characteristic forms of the interfer¬ 
ence curves of the normal case are found to be unsymmetrically distorted. 
For objectives, which in the normal position exhibit perpendicular equi¬ 
distant fringes by which the spherical aberration for axial points is corrected, 
the interference curves are now bent and the curve distances increase 
from the edge image. The theory of interference for oblique pencils is 
developed first for a theoretically perfect case, and then for practical 
examples, using as far as possible general assumptions as to lens errors. 
The theory is then applied to the special case where the only lens error 
is the curving of the focal surface, a circumstance which for some tele¬ 
scope objectives has been supported by observations. Comparison with 
experimental results showed that valid conclusions may be drawn with 
respect to lens faults (distorted image, astigmatism, coma, etc.) from the 
interference images, and quantitative agreement with theory was found 
by curvature determination of the image. The author opines this line 
of activity will yield fruitful results in this field if pursued. A process is . 
described for the determination of focal distances for oblique pencils. 
Some twenty-four figures and photographs are included in the paper, 
which is mainly mathematical. H. H. Ho. 

2485. Use of " Diametral Plane ” in Elementary Geometrical Opt' cs - 
C. H. Lees. (Phys. Soc., Proc. 36. pp. 294-299; Disc., 299-302, June, 
1924.)—Shows that if a lens be specified, not by its focal length when 
in air, but by its two radii of curvature and its refractive index (or the 
velocity of light within it), the graphical method can be used to solve 

VOL. xxvii.— a. —1924. , . ... 


LIGHT. 


875 


quite simply such problems as the relative sizes of object and image. 
In the discussion, T. H. Blakesley and R. Appleyard suggested other 
ways in which departures might advantageously be made from the 
classical methods of teaching geometrical optics. J. W. T. W. 

2486. Anomalous Dispersion in the Vapours of Alkaline Metals. 

F. Rasetti. (N. Cimento. 1. pp. 115-131, Jan.-April. 1924.)—Experi¬ 
mental investigation on the ratios of the coefficients in Sellmeier's 
formula as between the two rays of various doublets in the principal 
series of line-spectra of the alkaline metals. The Sellmeier formula 
must now be regarded as an empirical approximation, departed from at 
distances small in comparison with the wave-length. A. D. 

2487. Scattering of Light. A. Carrelli. (Accad. Lincei. Atti, 33. i. 

pp. 279-282, April 13, 1924.)—When a beam of plane polarised light is 
passed through a suspension of small particles, the scattered light is 
diffused in a direction normal to the electric vector in the incident beam. 
This light is polarised. With greater concentration and increasing grain 
size it is found that light is emitted in other directions, in which the 
wave-length distribution involves the eighth instead of the fourth power. 
This would be due to secondary scattering. A. Wh. 

2488. Electromagnetic Theory of the Scattering of Light in Fluids. 
K. R. Ramanathan. (Indian Assoc, for Cultivation of Science, Proc. 
8 . 3. pp. 181-198, 1923.)—The author corrects and extends his former 
paper on this subject. The reported change in the imperfection of polarisa¬ 
tion of the transversely scattered light in carbon disulphide when the 
wave-length of the incident light is altered is not confirmed. Other 
liquids examined also do not show this effect. The results recently obtained 
by Cabannes and King, and their theories of molecular scattering of light 
in fluids are discussed. The conclusion is reached that the presence of 
loose molecular groupings having a higher degree of symmetry than the 
individual molecule would explain the observed low value of the imper¬ 
fection of polarisation of the scattered light in many liquids. J. J. S. 

2489. On Some Properties of Photographic Plates. C. Fabry and H. 
Bulsson. (J. de Physique et le Radium. 5. pp. 97-104, April, 1924.)— 
The authors have obtained some new results with an instrument for regis¬ 
tering the densities of photographic plates during a long series of researches 
on the radiation of solar ultra-violet rays and atmospheric absorption. 
The laws of darkening of plates are discussed in the light of Hurter and 
Driffield's results, and it is pointed out that for normal development the 
value of gamma (y) is unity, but for prolonged development y may be 
of 2 and 3. The influence of the wave-length of the active radiation on 
the development curve is considered, and a curve is given showing the 
variation of y from about unity value for a wave-length of 2500 to 3000, 
with a gradual increase to nearly 3 for wave-lengths of 4000 to 4500. 
Photo-micrographs of sections of photographic plate films are given showing 
the differences in the constitutions of the emulsions with the visible and 
the ultra-violet radiations. Calculations are given in connection with the 
density and exposure relation, the results leading to a final expression 
for the density D of the form D = C -+- ( m'/m ) log I. where I Is the intensity 
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of the radiation received and m'/m = y. c being a constant [see also 
Abstract 1766 (1924)]. A. W. J. 

2490. Diffusing Power of Exposed Photographic Plates: Method of 
Measuring Diffusion. J. Eggert and G. Archenhold. (Zeits. phys. 
Chem. 110. pp. 497-513, 1924.)—The first part of the paper is devoted 
to a description of two methods of measuring the diffusing power of a 
translucent plate. The first method depends on the fact that when an 
object is viewed through a diffusing medium the edges appear softened 
to an extent which depends on the diffusing power of the medium. A 
convenient form of object is set up and is photographed with and without 
the diffusing plate 1 cm. in front of the object, the photographic image 
being three times the size of the object. The region of the photographic 
image close to the edge of the object is divided into a number of 
narrow zones, parallel with the edge, and the number of silver particles 
deposited is counted for each zone. A graph is drawn with the number 
of the zone as abscissa and the number of particles as ordinate. The 
slope dy/dx of this graph is taken as a measure of the diffusing power, 
the angle of slope decreasing with increase of diffusion. The second 
method of measurement depends upon the fact that the ratio of the 
apparent brightnesses of a white and a black object is reduced by the 
interposition of a diffusing medium. A plate of opal glass is covered 
with a black card containing four small apertures 15 x 5 mm. These 
are caused to have brightness in the ratios 1 : 3-5 : 12-9 : 50 by placing 
over each aperture a piece of exposed photographic plate of the required 
transmission factor. This system is then photographed, and the 
densities of the images of the four apertures are measured by means of 
a Martens photometer. The densities are plotted as ordinates against 
the known brightnesses of the apertures as abscissa* on a logarithmic 
scale. This procedure is carried out with and without the interposition 
of the diffusing plate under investigation, and the graphs are found to be 
sensibly straight lines. If 0 and 0' are the angles of slope of these lines 
without and with the medium respectively, the diffusing power may be 
expressed by the function (tan 6 — tan 0')/tan 0. The limiting value of 
this function, expressing complete diffusion, is unity. The same thing 
may be otherwise expressed thus : If q be the ratio of the brightnesses of 
two sources without the interposition of the medium, and q, the corre¬ 
sponding apparent ratio with the medium interposed, then the diffusing 
power a — 1 — {log qjlog q). 

The second part of the paper gives a description of results obtained 
with various emulsions. It is found that (a) the diffusion increases with 
the distance between the medium and the sources, at first proportionally, 
but afterwards more slowly, approaching a limiting value which is a 
characteristic of the medium ; (6) for similar emulsions this limiting 
value of a is approximately proportional to the density s. Hence it 
follows that, for small values, a is additive; (c) for different emulsions 
the diffusion increases with the silver grain size; (d) the diffusing power 
<r, measured as described above, is in agreement with visual estimation as 
regards the order in which different plates are placed. 

Among other results obtained, it is found that a plate exposed to a 
bright light for a short period has a lower value of a for the same value 
of 5 as compared with a similar plate exposed to a lower brightness for 
a longer period. Further, it is found that an unexposed plate has a 
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certain diffusing power, which is, naturally, independent of the silver 
grain deposition. J. W. T. W. 

2491. The Photoelectric and Phosphorogenic Effect . M. Curie. 
(Comptes Rendus, 178. pp. 2244-2246, June 30. 1924.)—In continuation 
of the work of Lenard, the author has investigated the effect of the presence 
of a salt of bismuth upon the photoelectric effect, the fluroescence and 
phosphorescence exhibited by calcium sulphide. The concentration of 
bismuth in the mixture ranged from zero to 5 x 10~ 2 . The results 
obtained indicate that pure calcium sulphide containing no bismuth 
exhibits no photoelectric effect. When the phosphorogenic material 
(bismuth) is present the photoelectric effect is observed, but there is no 
evident relation between the magnitude of the effect and the concen¬ 
tration of the bismuth. The greatest photoelectric effect was observed 
when the concentration of the bismuth was 1 or 5 parts per 100 of the 
mixture. A greater photoelectric effect was, however, observed in the 
case of a specimen of calcium sulphide containing bismuth, prepared 
differently and containing lithium. There appeared to be no relation 
between the photoelectric and luminescent effects observed. J. S. G. T. 

2492. The Size-Frequency Distribution of Grains of Silver Halide in 
Photographic Emulsions and its Relation to Sensitometric Characteristics. 
VI. Photographic Densities derived from Size-Frequency Data. E. P. 
Wlghtman, A. P. H. Trivelll and S. E. Sheppard. (Eastman Kodak 
Co. Research Lab. Comm. No. 200. J. Phys. Chein. 28. pp. 629-643, 
June, 1924.)—The object of the present work was to find a method of 
deriving experimentally the densities for any given exposures in the 
characteristic H and D (density-log exposure) curve of a simple photo¬ 
graphic omulsion from its grain size-frequency distribution. That of a 
Sccd-Lantem emulsion has been determined, and it was found that neither 
the simple exponential nor the Gaussian type of equation would fit it. 

A satisfactory equation, however, viz. y = A^”* <, ' u: ”•> , , results from 
the assumption that the growth of the particles in the emulsion is pro¬ 
portional to their size (surface, or less accurately, their projective area) 
at any moment. The formation of a photographic emulsion on-the basis 
of this assumption appears reasonable, and has been accepted as true 
for a number of cases. It is shown why an equation of the same funda¬ 
mental form (but not those used previously by the authors) can bo used 
to represent both uniform diameter and uniform projective area classifi¬ 
cation. A method of determining density values from size-frequency 
data has been worked out, and consists in converting the size-frequency 
and projective area distribution. Then, by applying a factor for the 
increase in size of the silver halide grain on development, the area dis¬ 
tribution of developed grains is found, and finally the composite density 
I) is calculated by means of the equation 

D = togio 1/(1 — + '2*2*2 + • • • r***xn )) 

where r lf r 2 . etc., are the expansion ratios, n 2 . etc., are the fre¬ 
quencies of grains of each class-size per unit area of plate, and x.,, etc., 
are the mean class sizes. A comparison of the synthetic density curve 
found in this way, with the curve obtained by means of the thalofide cell 
densitometer, shows poor agreement. Possible explanations of this are 
given. [See also Abstracts 1126 (1923) and 74 (1924).] H: H/Ho. 
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2493. Chemiluminescence of the Iodide of the Millon Base. A. 

Petrikaln. (Zeits. f. Physik. 25. 4-6. pp. 292-298. 1924.)—The author 
deals with the spectrum ; the energy account; the relations between these. 
The energy of decomposition upon heating. 70 cal, is sufficient to account 
for the luminescence. A. D. 

2494. Fluorescence. S. Valentiner and M. Rossiger. (Preuss. 

Akad. Wiss. Berlin. Ber. 16. pp. 210-215. 1924.)—The efficiency-ratio of 
fluorescence to the incident radiation depends on the wave-length of the 
incident radiation ; it is constant or increases slightly with increasing 
wave-length until a maximum fluorescence is reached ; thereafter it falls 
off sharply. In the neighbourhood of concentrations of 10“ 7 to 10“ 5 
grm./cm. 3 it increases with increasing concentration. A. D. 

2495. Viscosity and Fluorescence. F. Perrin. (Comptes Rendus, 

178. pp. 2252-2254, June 30, 1924.)—In a previous note the author has 
shown that the fluorescent power of a dissolved substance decreases 
exponentially when the concentration increases: <|> = Oq/ - **. F° r 

one and the same fluorescent substance the value of the constant k must 
depend on the viscosity of the solutions considered. If, in fact, the 
proximity of a molecule of the same kind can hinder the fluorescence of 
a molecule which has absorbed a quantum of exciting light, as well at 
the moment of return to the normal state as at the moment of absorption, 
the constant k will depend on the coefficient of diffusion of the dissolved 
molecules. For example, if a molecule cannot be fluorescent when it 
finds itself at a distance less than e from a molecule of the same kind, 
cither at the instant of absorption or at the instant of return to the normal 
state, h would be twice as small for a solid solution as for a solution slightly 
viscous. In the first case, in fact, an isolated molecule remains isolated, 
although if an important diffusion is produced during the mean duration 
of the critical state the probabilities of isolation at the beginning and at 
the end of that state are independent. With these simple hypotheses 
the following expression is obtained (N being Avogadro's number): 

K, - JK| - 

Depending on the experimental values of Kj the following distances of 
protection c are obtained: for fluorescent blue € *= 3-4-10“ 7 cm., for 
uranine € = 2-5-10“ 7 cm., for quinine e = 1 -1 -10“ 7 cm. Viscosity has 
another important action on the phenomenon of fluorescence ; it influences 
the mean duration of the critical state in which the molecule subsists 
between 'the instant in which it absorbs and that in which it re-emits, and 
consequently influences the duration of the luminescence after excitation 
has ceased. i J. J. S. 

2496. Absorption Series from Phosphores. F. Schmidt. (Ann. d. 

Physik, 74. 4. pp. 362-380, June, 1924.)—Cases found in which the number 
of quanta is so large that the effective orbit is far wider than the diameter 
of the atom as usually reckoned. The smaller the nucleus, the greater 
the tendency towards long waves, and vice versa. ' A. D. 
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2497. The Polarization of Sodium Resonance Radiation in Magnetic 
Fields. E. Gaviola and P. Pringsheim. (Zeits. f. Physik, 25. 4-6. 
pp. 367-377, 1924.)—The observations of Wood and Ellet [see Abstract 
1861 (1923)] on the polarisation of resonance radiation of Hg and Na 
vapours under the influence of a magnetic field may be entirely explained 
by consideration of the phenomena as Zeeman effects, provided that only 
the anomalous Zeeman effects of the various atoms concerned are taken 
into account. The most important of the previously unverified deduc¬ 
tions made from this explanation is that the two components of the D line 
should behave quite differently, for while the D 2 line, for a definite 
orientation of the magnetic field with respect to the electric vector of the 
exciting radiation, and in a given direction of observation, should show 
considerable partial polarisation, the Di line should remain quite un¬ 
polarised. To test this deduction the same arrangement as used by Wood 
and Ellet is employed, the magnetic field being parallel to the exciting 
beam and observations being made perpendicular to this direction. The 
source of light is a Na-K arc in quartz. 

In a field of 200 gauss and at a temperature of 125° the D 2 line, when 
examined through a Savart plate and Nicol, showed the required hori¬ 
zontal interference bands, while the Dj line is homogeneous throughout, 
confirming the theoretical conclusion. The polarisation of the resonance 
radiation should also be independent of the polarisation of the primary 
light. This is also confirmed experimentally. On theoretical grounds 
the degree of polarisation of the resonance radiation must depend on the 
density of the Na vapour, the polarisation decreasing with increasing 
pressure. This effect may partially, in so far as it depends on the collision 
frequency between neighbouring atoms, be compensated by increase of 
the external magnetic field. Again, from theoretical considerations, the 
degree of polarisation of the D 2 resonance radiation must assume different 
values according to whether the electric vector of the primary radiation 
is parallel or perpendicular to the direction in which observations arc made. 

W. V. M. 

2498. The Processes during the Radiation of Iodine Bands. O. Olden- 
berg. (Zeits. f. Physik, 25. 2. pp. 136-159, 1924.)—The autho* seeks an 
answer to the question " What changes in the molecule arc concerned in 
the radiation of band spectra ? "—a question partially answered with 
respect to certain types by the quantum theory. The paper discusses 
a number of results due to other observers and also those of the author 
on the fluorescence of mixtures of iodine vapour and such gases as N 2 , 

0 2 . C0 2 , etc., when illuminated by a mercury lamp (quartz) or an 
aluminium spark. Some of the main conclusions are given below. 

I. Variation of the Ultra-violet Fluorescence of Iodine with Pressure. 
(a) Alterations in Intensity .—The distribution of intensity alters in the 
ultra-violet (when excited by Al849) as in the visible when the pressure 
of the foreign gas is altered. The fluorescence below 4800 observed by 
Wood and Steubing behaves in a similar way. The cause is connected 
with a quantum change in the iodine molecule strongly excited by 
absorption, the change being modified but not originated by external 
disturbance. 

(b) Appearance of New Spectra .—Contrary to the results for visible 
iodine fluorescence, the presence of the second gas brings to light new 
spectra when stimulated with ultra-violet, the strongest being the con- 
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tinuous iodine band at 3460 investigated by Gerlach and Gromann. 
[Abstract 516 (1924).] With increasing pressure, particularly for N 2 
the band breaks up into a series of bands. The total intensity, unlike 
all other fluorescence phenomena in gases and vapours, remains the 
same up to atmospheric pressure. The series of bands cannot, however, 
be other than a modified form of the single band, since such pheno¬ 
mena as wave-length limit, maximum intensity, rapid fall towards long 
waves, and gentle decrease towards shorter wave-lengths are the same in 
both. The bands may be attributable to a molecule such as 1H. Photo¬ 
graphs are given. 

II. Electron Affinity Spectrum of the Iodine Atom.— The band 3460 is 
not to be attributed to the electron affinity spectrum of iodine, as thought 
by previous observers. A discussion of energy considerations leading to 
this result is given. 

III. Spectra produced by Ionic Recombination.— The band 3460 is pro¬ 
bably the result of the combination of atomic ions 1 + and I~. Various 
possibilities of the decomposition of iodine molecules into I + I, 1+ + I", 
I + -f I, I- I, are discussed, and again energy considerations lead to 
the choice of I + + I-, but it is probable that the change to the normal 
iodine molecule is not effected in one stage owing to correspondence con¬ 
siderations. According to this conception the long wave bands arise 
from the formation of molecules with more violent vibration of the 
" kernel.” Evidence is given for this. 

IV. Photochemical Luminescence. —On tho addition of N 2 to iodine 
vapour a new band appears in the green during ultra-violet excitation. 
This remains undiminished at higher pressures, and is to be ascribed to 
an IN molecule. This band, together with the 3460 band, is to be regarded 
as photochemical luminescence in distinction to true fluorescence. The 
observations lead to the suggestion that the flouresccnce is diminished 
by pressure, whereas photochemical emission is developed. 

V. The Absorption Series of Iodine Atoms. —The theoretically possible 
appearance of atomic lines in the fluorescence of iodine vapour and a 
mixed gas cannot be observed. On the basis of an accidental deter¬ 
mination of intense silver lines in the iodine line spectrum it was surmised 
that the transition probabilities for iodine atoms are much less than for 
the silver atoms. 

In conclusion, the relations between the elementary changes founded 
on the study of the banded radiation of iodine molecules are collected 
together. The known iodine bands are produced together during fluores¬ 
cence, and are therefore to be connected with the neutral molecule. 

W. V. M. 

2499. Quantum Theory of Band Spectra. (Nature, 113. pp. 874-875, 
June 14, 1924.)—The arrangement of the lines in band spectra may be 
described by associating successive integers m with successive lines, when 
their wave-numbers are found to be given, to a near approximation, by 
an expression of the form A + Bm + Cm 2 , where A, B, Care constants. 
The radiating systems here involved are molecules instead of atoms, so 
that, in addition to the energy associated with electrons, two other types 
of energy may be radiated, due to rotation of the molecule as a whole and 
to vibration of the constituent atomic nuclei. Each of the three types 
Is subject to the rules of generalised quantum mechanics, and the fre¬ 
quency of radiation emitted is given by dividing the total decrease of 
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energy by Planck’s constant h. When the initial and final states of the 
molecule differs only in respect of rotation, the spectrum should consist 
of a few equally spaced lines in the far infra-red. some of which have 
been observed. Where rotation is accompanied by change in vibrational 
energy of the nuclei, a double system of lines in the near infra-red is to 
be expected, such as that found by Imes in the case of hydrogen chloride. 
Much more energy is liberated when a change in electron configuration 
accompanies these other changes, and the resulting emission is usually 
in the visible or ultra-violet regions. In spite of the theoretical com¬ 
plexity, important progress has been made in the case of the cyanogen 
bands by Kratzer. There are outstanding difficulties in the absence of 
only one line at the centre of the infra-red bands and in the alternate 
spacing of lines in the helium bands which involves the introduction of 
half-quanta. p g 

2500. Remarks on Tartakowsky's Paper ** On the Theory of Rand 
Spectra." A. Kratzer. (Zeits. f. Physik, 26. 1. pp. 40-43, 1924.)— 
Tartakowsky’s paper [see Abstract 2078 (1924)) contains for an anharmonic 
oscillator a natural upper limit for the oscillation quantum number of 
molecules. Since the present author does not agree with the procedure, 
he now discusses the problem anew. Prom the quantum conditions for 
the anharmonic oscillator it is concluded that the oscillation energy has 
for upper limit the work of dissociation of the molecule; this demands, 
however, no limit in general for the quantum number in contrast to the 
conclusions of Tartakowsky. In no case has such a maximum quantum 
number been obtained by means of the formula.- given by Tartakowsky. 

I he paper is entirely mathematical. H. H. Ho. 

2501. Ionisation in Stellar Atmospheres. Cecilia H. Payne. (Har- 
va f, 9?**' ° bs * C‘ rc - 256. [8 pp.), 1924.)—The intensities of lines associated 
with He, lie + , Si, Si -f, Si -f- -f-, Si + -f -f , and C -f arc measured 
from objective prism spectra. A temperature scale is derived for the 
reversing layers of the giant stars from types AO to O d. This scale is 
consistent for the different lines, and the electron partial pressure in the 
layer of origin is approximately 10“* atmospheres. The intensity changes 
of a number of lines attributed to oxygen, nitrogen and sulphur are also 
tabulated. Hence the ionisation potentials of O -h, N +, N -f S -f, 

S + + * and C -f- -f are calculated and arc found to be in general agreement 
with laboratory measurements. A. Wh. 

uk 25 , 02 o 50W * Corre *P° nde nce Considerations. W. Lenz. (Zeits. f. 
Physik, 26. 4-6. pp. 299-311. 1924.)—To the few cases of elementary 
radiation processes which have received no treatment by the correspond¬ 
ence principle belong those band emissions of molecules which take 
.^-operation o£ the Ominous electron. [See Abstract 
1071 (1920).) The senes of band edges may be regarded from the corre¬ 
spondence standpoint as combination oscillations, which arise through the 
periodic disturbance of the luminous electron of the molecule by the motion 
of the nuclei. Peculiarities in the course of the-intensity in these series 
are explained on this basis, and correspondence considerations of a similar 
kind lead to a discussion of the proper standpoint for the treatment of 
the widening of the spectral lines by pressure. To complete the subject a 
correspondence discussion of the Compton effect is included. H H Ho 
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2503. The Absolute Intervals of the Optical Doublets and Triplets. A. 
Land6. (Zeits. f. Physik. 25. 1 . pp. 40-57, 1924.)—The relationship 
between the optical and relativity Rontgen doublets, expressed in their 
common multiplet structure, etc., led to the conclusion [see Abstract 
2104 (1924)] that both kinds of doublet depend on corresponding model¬ 
like processes in the atom. In consequence, the relativity interpretation 
of the Rontgen doublets (Sommerfeld) must be regarded as unsatisfactory, 
while from the multiplet data the explanation of optical doublets as the 
relativity energy difference of two eccentric elliptic orbits of luminous 
electrons must perhaps also be rejected, so long as the basic principles 
of the Bohr theory are adopted. The above relationship is now shown to 
be determined from the absolute intervals of the optical doublets and 
triplets, being derived from the universal constants, effective quantum 
and atomic numbers, known regularities of the intervals Av in the periodic 
system, and the proportionality factor. Conversely, the quantities 
Zi = Z — s are derived from the interval formula, the division quantity 
s being constant and = 4. except for the first elements, when s = 2, both 
results being in accord with Bohr’s system of interlaced w*-orbits. The 
theoretical derivation of the interval formula [from the Paschcn-G6tze 
data, ranging from Li Av = 0-34 to Ra + Av = 4858-6) depends on the 
fact that the luminous electron owes the complexity of its terms essentially 
to the innermost orbit change. Use can then be made of Sommcrfeld’s 
theory of the relativity L-doublets, and this is now suitably extended to 
optical doublets and triplets. This relativity interpretation, however, 
is in conflict with the optical spectra and other results from the quantum 
theory of atomic structure, as is the case with the Sommerfeld theory of 
Rontgen doublets, and can hardly be used for explanation of the spectral 
terms without essential alteration in fundamental principles. The theory 
is then developed for an eventual explanation of optical and R6ntgen 
doublets by means of magnetic forces. H. H. Ho. 


2504. Vanadium Multiplets and Zeeman Effect. W. F. Meggers. 
(Washington Acad. Sci., J. 14. pp. 151-159, April 4. 1924.)—In this note 
the author gives a few examples of several types of multiplets in the arc 
spectrum of vanadium, together with the observed and calculated Zeeman 
effects for the spectral lines. Since the first note was published the region 
of the spectrum from violet to red (4600 to 6500 A.), in which wave-length 
data of inferior quality existed, has been remeasured on the international 
scale. Most of the multiplets here discussed are selected from this 
interval. In the tables given, each of which gives data for one multiplet, 
the scheme of term combinations is first given, and then the observed 
and calculated Zeeman effects characteristic of the spectral lines are com¬ 
pared. In the arrangement of a multiplet each spectral line is represented 
by its wave-length in air, above which its arc intensity and temperature 
class are given, while the corresponding vacuum wave number is directly 
below. The notation for spectral terms proposed by Land£ is employed. 

J. J- s. 


, 2505. Penetration of. Waves and their Pays into a Gradually Varying 

Medium. J. A. Wilcken. (Cambridge Phil. Soc., Proc. 22. pp. 

131, May, 1924.)—The author's objective in this paper is to elucidate 
the questions : (1) Does a gradual change of refractive index cause any 
disintegration of an incoming wave system, comparable to the reflection 
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as known in abrupt transition ? (2) Is the ordinary refraction law, 
\i sin 0 = constant, strictly applicable to a medium with a continuously 
varying index ? A paper by the late Lord Rayleigh [Proc. Lond. Math. 
Soc. H. pp. 51-56, 1880], in which he showed that reflection takes place 
in a gradually varying medium, but the attenuation of the incoming wave 
may be negligible in many practically important cases. 

The author s conclusions are: (a) A non-homogeneous medium of 
slowly varying properties causes reflection, but of negligible intensity. 
(b) In such a varying medium the ordinary refraction law of the ray 
paths, determined as orthogonal to the fronts of constant phase, does 
not hold, the refraction being slightly less in amount than according to 
Snell s law. The deviation becomes less as normal incidence is approached. 
{c) Total reflection may occur for a very oblique ray. if the layer be thick 
enough, the ray path then bending round in a continuous curve and 
emerging at an angle equal to that of incidence. He finds that in most 
of the investigations published hitherto the validity of Snell’s law has 
been implicitly or explicitly assumed, and to show how the error arose 
he first gives the usual solution, starting from the general wave-equation, 
after separating the time variable : d 2 U/<)x 2 -f b 2 V/by 2 -f A-U = 0. 
where A is a real continuous function of x only, of the usual meaning. 
A = 27 t/a. He then starts with the assumption U — c*. <D being a com¬ 
plex function of x and y. subject to WQ/bx* + D'^/dy 2 -f (b<fr/bx) 2 
+ 0<D/<)y) 2 + A 2 = 0. A slow variation of the medium is specified in 
the form A =•• A 0 + A t x -f . . ., A| being a small constant, higher powers 
of which may be neglected as compared with A 0 . The solution is then 
approached by taking <J> = ±i(/r -f my) + px + qy -f r* 2 /2 + sy -/2 -f txy, 

where fi -f m 2 =** Aq. so that / and m arc proportional to the direction 
cosines of the incident ray, or wave normal, and />, q, r . . . take the 
meaning of small coefficients, not necessarily real, to correcting terms, 
to be added on account of the (slow) variation of A. Two special cases 
not leading to complicated expressions are worked out. G. \V. de T. 

2506. Half-Integral Quantum .Slumbers in the Theory of the Stark Effect 
atid a General Hypothesis of Fractional Quantum Numbers. A. M. 
Mosharrafa. (Roy. Soc.. Proc. 105. pp. 641-650. June 2. 1924.)— 
Mention is made of indications found by various investigators, e.g. W. E. 
Curtis, in his experimental study of helium bands [see Abstract 1856 
(1923)], of the occurrence of fractional quantum numbers. K. F. Niessen 
J.. Zur Quantentheorie des WasserstoffmolekiUions ”) observes certain 
discontinuities in the energy graphs between symmetrical and asymmetrical 
models which strongly suggest the occurrence of half-integral quantum 

* ° r . “tier. A mathematical line of reasoning is followed in 
winch the introduction of half-integral quantum numbers is consistent 
with the resolution of lines in the Stark effect. It is shown that half¬ 
integral components arc to be expected much less in the case of the 
higher than of the lower members of the Balmer series. A general 
formula is suggested having the special merit of leading to the classical 
law of least action as a limiting case. A. B. C. L 

2507. The Metastable Slate in Mercury Vapour. H.W.Webb. (Phys. 
Rev. 24. pp. 113-128, Aug., 1924.)—The persistence of the " radiation " 
produced by 4 9-volt impacts in mercury vapour was measured in a four- 
electrode tube of the type usually employed in resonance potential 
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measurements consisting of an equipotential kathode of simple design 
an inner grid 1 G for controlling the velocity of the impacting electrons, an 
outer photoelectric grid H. and a photoelectric plate P. A.c. and d.c. 
voltages were applied to the two grids in such a way that the electrons 
had sufficient velocity to excite the radiation only in alternate half-cycles, 
and that the photoelectric current to the electrometer alternated in 
direction simultaneously. As a result of the persistance of the radiation 
there resulted a decrease in the current, with increasing frequency, 
reaching a minimum at 1800 cycles for a distance between grids of 17 mm. 
and at 3800 cycles for a distance of 8*5 mm. These results did not vary 
much with pressure. 0 003 to 0 032 mm. They show a lapse of time 
between the excitation and the arrival of the first radiation at the plate P 
ot about 1/3600 and 1/7G00 sec. respectively. A mathematical discussion 
shows that the diffusion of the radiation by repeated emission and 
re-absorption (the " imprisonment ” of radiation theory) cannot account 
for these results. A calculation, based on the assumption that the 
excited atoms remain in a metastable state and carry the energy of 
excitation to the photoelectric surfaces and there gives it up, gives results 
in very close agreement with the observations. The conclusion is that 
a metastable state is formed by the atoms excited by the 4-9-volt electron 
impacts, and that these are the effective ones in producing the photo¬ 
electric response in the tubes. In these experiments the 2 p 2 state is 
the only one excited by the impacts in appreciable amount. How these 
results can be reconciled with the Bohr theory, according to which the 
2/> 2 state is not mctastable. is not clear. Author. 


2508. The Absorption Spectrum of Bromine. P. Bovis. (Comptcs 
Rendus, 178. pp. 1964-1966, June 10, 1924.)—The absorption spectrum 
of bromine in both gaseous and liquid states has a large band commencing 
in the red and attaining its maximum in the violet. The gaseous condition 
has been studied numerically by Ribaud (Ann. de Physique, 12. p. 178, 
1919), and the author has, in the present paper, extended the investiga¬ 
tion to liquid bromine, spcctrophotomctric measurements being made, 
using very thin layers of the liquid between quartz plates. A Nernst 
lamp is used as source, and Glazcbrook prisms eventually, replace the 
layer of bromine and enable the absorption to be calculated. The wave¬ 
lengths arc obtained by comparison with a mercury arc spectrum. 

It is found that the maximum optical density corresponds to a wave¬ 
length 0-417 p.. Ribaud had shown that in the gaseous condition a 
maximum absorption occurs at 0-415/r, and hence the maxima appear 
to coincide, but the absorption related to the same mass of bromine are 
very different, the optical density of the liquid being more than double 
that of the vapour. W. V. M. 

2509. Application of Spectographic Analysis to the Examination of 
Rare Elements in Substances found in Italy. C. Porlezza and A. 
Donati. (Accad. Lincei, Atti, 33. i. pp. 232-237, March 16, 1924.)"- 
In a preceding note the value of spectrum analysis in detecting rare ele¬ 
ments and in serving as a control in the case of ordinary analysis has 
been considered. Modifications have been introduced into the method 
applied by Urbain : (1) Besides making use only of the violet or ultra¬ 
violet portion of the spectrum as in Urbain’s method, the part extending 
towards the red has been used, with the help of a spectrograph, giving 
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sufficient dispersion in this region. (2) The analysis of the materials has 
been completed in two ways: (a) by the spectrographic examination of 
the precipitates obtained with single analytic groups and with insoluble 
residues eliminating silica if it occurs ; (6) by the spectrographic examina¬ 
tion of precipitates or residues obtained in fractionating precipitates of 
the single groups, especially in the case when the results have not been 
sufficiently exact in the preceding research. 

In the present note are described investigations which extend the 
method of spectrographic analysis to various other natural substances 
occurring in Italy, chiefly rocks, in order to show the presence of elements 
which are perhaps fugitive through occurring only in traces, and at the 
same time possibly to establish the presence of elements not hitherto 
proved to occur in Italian substances. Various rocks from different parts 
of Italy are considered in detail, but the research has a preliminary or 
provisional character, having been confined to one region of the spectrum 
only. It has, however, already given results of some interest. J. J. S. 

2510. The Fine Structure of the Yellow Helium Line 6870A. L. S. 

Omstein and H. C. Burger. (Zeits. f. Physik. 20. 1. pp. 67-68, 
1924.)—Measurements of the intensity relation between the components 
of the line 6870 give a result 1 : 0 as opposed to the theoretical 1 : 2, 
and it is concluded that this yellow line is not a normal doublet of the 
7r-S type. It may be the result of intercombination between two 
singulet terms or an entirely new type of multiplct. W. V. M. 

2511. The Structure of the Iron Spectrum. Part II. O. Laporte. 
(Zeits. f. Physik, 20. 1. pp. 1-22, 1924.)—This paper extends earlier pub¬ 
lished work [sec Abstract 1481 (1924)) on the iron spectrum, in which, 
according to the Sommcrfeld method, the lines were regarded as combina¬ 
tions and intercombinations of terms of the triplet and quintet systems. 
New work has meanwhile been published by Walters [see Abstract 1480 
(1924)), and the present paper now establishes terms of the septet system 
and their intercombinations with the fundamental term d of the iron 
spectTum. From a comparison of the intensities of the intercombinations 
between the three series systems of iron an especially close connection is 
opined between the triplet and quintet systems, from which the septet 
system is excluded. Confirmation of conclusions with respect to tcTm 
combinations in Part I is afforded, and a series of new triplet and quintet 
terms completed, while about a quarter of the total number of iron lines 
have now received interpretation. Very complete tables are included. 

H. H. Ho. 

2512. Structure of the Iron Spectrum. Hilda Gieseler and W. 

Grotrian. (Zeits. f. Physik. 26. 2. pp. 165-172. 1924.)—From previous 
work [see Abstract 1474 (1924)] it was concluded that the normal state 
of the iron atom corresponds to a d-term of the quintet system. Laporte 
has investigated the multiplets of Walters and identified a series whose 
limit corresponds to an ionisation potential of 5-9 volts. Farther work 
by the authors, using the plane grating spectrograph in the Einstein 
tower, which has a dispersion of 2 A. per mm. in the second order, has led 
to the analysis of a new multiplet. This belongs to a further d-term 
group of the quintet system. This group corresponds to an ionisation 
potential of 8 -16 volts. p s 
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2513. Relations Between Pressure-Shift. Temperature Class, and Spectral 
Terms of the Iron-Lines. M. A. Catalan. (Nature. 113. pp. 889-891. 
June 21, 1924.)—A review of past work, together with an account of 
the author’s latest contributions to the subject, too detailed for 
abstraction. Lines forming a multiplet are equally affected by pressure, 
and different multiplets are differently affected. It seems, therefore, that 
the effect depends on the radial quantum numbers. Large orbits may be 
more affected than small ones by pressure ; consequently transitions 
will be more affected between large orbits than between small ones. 
The temperature effect will be parallel to the pressure effect. A. C. M. 

2514. The Arc Spectrum of Silicon in Relation to Spcctrographic 
Analysis. C. Porlezza. (Accad. Lincei, Atti, 33. i. pp. 193-197. March 2. 
1924.)—The author has previously pointed out the existence of a band 
spectrum in the arc spectrum of this element, and in the present paper he 
gives measurements of the positions of the lines in this band, the wave¬ 
length of the head of the band being A = 2414. The wave-lengths of 
eighteen lines are given in a table. These extend from 2419-1 to 2426-1. 
There is an almost continuous background in which individual lines cannot 
be noted. There are about seventy lines in an interval of less than 
60 A.U. The author in the present note considers some rock speci¬ 
mens which were examined and in part analysed by Aloisi and described 
in his volume on Mt. Capanne, in the island of Elba. These specimens 
of rock are eighteen in number, and are divided into nine different types. 
The analysis of these rocks is given, and the percentages of the various 
components are recorded in a table. The appearance of the band spec¬ 
trum of silicon in the various specimens is considered. With a percentage 
of SiC >2 of 35 some of the bands and lines appear. With about 60 % of 
silica a spectrum of notable intensity is observed, and such as interferes 
with the observation of the lines belonging to the other elements present. 
The conclusion is drawn that in spectrographic analysis it is necessary to 
eliminate the silica when this substance is present in notable quantity. 

J-J-S, 

2515. Fresh Regularities in the Spectrum of Silicon Tetrafluoride . C. 

Porlezza. (Accad. Lincei, Atti. 33. i. pp. 283-287, April 13, 1924.)—In 
addition to those given by Dufour, three new groupings occur in the 
band spectrum of silicon tetrafluoride: (X 7 ), N = 23580 — 166-6 tn 
— 3-5 w 2 (m = 0. 1. 2. 3); (Y 7 ). N = 23624 — 165- 6m — 35 m 

(m = 0. 1, 2. 3, 4); (Z 7 ), N = 23416 — 161 5 m - 5-5m 2 (m = 0.1, 2). 
For X 7 and Z 7 the coordination is shown by comparison with the 
results obtained by Dufour in the study of the longitudinal Zeeman 
phenomenon. Six other groupings, each of two components, are also 
observed. ' T « 

2516. The Spectrum of a Sodium Vacuum Arc. I. H. Bartels. 
(Zeits. f. Physik, 26. 4-6. pp. 373-401, 1924).—A vacuum arc which burns 
between iron as positive and sodium as negative electrodes may he 
divided into several parts, the various portions showing important 
differences in the intensity relationships for various lines. In Part I 0 
the paper the author describes the experimental arrangement of such 
an arc, the quantitative measurements of the intensities of the lines, 
and the physical conditions under which they appear. . The second 
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portion of the paper discusses the conclusions to be drawn with respect 
to the excitation and emission processes. 

I. The sodium is contained in a small porcelain tube, while the anode 
is a small iron hammer, the whole being enclosed in a glass sphere with 
four additions connecting to electrodes, pump, etc., the apparatus having 
a quartz window through which the observations arc made. The arc 
shows characteristic division into various parts. Near the sodium, where 
the arc emerges, the flame is brilliant yellow, but this " core ’’ changes 
more or less continuously to a surrounding " shell,” which often fills the 
whole arc vessel and is coloured a deep green. It is easily seen that in the 
core the D lines are very bright, but that in the green shell the intensity 
of the diffuse series lines is much stronger. This total arc. A, burns until 
all the sodium is evaporated, but just before going out it changes 
suddenly to a second type of arc. B. which burns a dull yellow and with¬ 
out any division into " zones.” The causes of this change are discussed. 

The experimental methods of determining the relative intensities of 
given lines are now described, the source being so arranged that part of 
the slit is illuminated by the yellow light of the inner arc and part by the 
green light of the shell. Arc B is similarly examined. A modification 
of a photometric method used by Koch is described, whereby large 
intensity ratios may be directly measured, and by this means the changes 
in intensity occurring in the transition from ” core ” to ” shell ” of A, 
and also from A to B. arc measured. Two diagrams are given showing 
the relative intensities of various lines in different arcs. 

II. It is concluded from the measurements that the transitions 
allowed by the azimuthal selection principle arc highly favoured in the 
excitation by electronic collision. The results arc also regarded as in 
agreement with Rupp, who found that the IIS is produced by the 
excitation of neutral atoms, while the NS is the result of recombination 
between ionised atoms and electrons. 

A continuous spectrum at the end of NS is described which has the 
same characteristics as the continuous spectrum at the end of the Balmer 
series, and therefore, according to Bohr, is to be explained as due to the 
addition of free electrons to the ionised atoms. W. V'. M. 

2517. The Absorption Lines in the Spectrum of the Metallic Spark in 
Water. E. O. Hulburt. (Phys. Rev. 24. pp. 129-133. Aug.. 11)24.)— 
These spectra, seven of which arc reproduced, consist of a continuous 
background crossed by bright and dark lines characteristic of the metal. 
For Al. Bi, Cd, Au. Ir, Pb. Mg. Pt. Rd. Ag, Sn and Zn the absorption 
lines are those which are reversed in the arc. For Sb. Co. Cr. Cu. Fe, Mo. 
Ni and W the water spark shows as absorption lines all the lines reversed 
in the arc. and in addition about 400 absorption lines in all, which are not 
listed as reversed in the arc. Some of these are mentioned. Author. 

2518. Directions of Emission of • Photo-electrons Liberated by Kontgen 

Rays. W. Bothe. (Zeits. f. Physik. 26. 1. pp. 59-73. 1924.)—Direc¬ 
tions in air, Mel, EtCland chloroform vapour were investigated by Geiger's 
method. The mean angle is smaller the harder the rays; the breadth 
of scattering depends on the proximity of the nearest absorption-wave¬ 
length of the substance. Asymmetry appears both in the mean angle and 
in the breadth of scattering, and depends upon the wave-length of the 
Rbngten rays and upon the atomic weight of the substance. A. D. 
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2519. Change of Colour in Rock-Salt Due to X-Rays. P. Ludewig 
and F. Reuther. (Zeits. f. Physik. 26. 1. pp. 45-53. 1924.)—The authors 
refer to experiments previously described [see Abstract 558 (1924)], and 
to Przibram’s criticism of the same. New experiments on rock-salt are 
described. The plates A and C were exposed to the same radiations as 
previously for a further period, making a total of 137 days, and a curve 
is given showing the diminution of the white content during the whole 
series ; the rate of diminution towards the end of the period is small. 
When the plates were re-examined, after being kept for 14 and 18 days 
in the dark, very little change in the colour was observed. Bright blue 
rock-salt changed its colour under the influence of the radiation, passing 
through a grey, colourless phase in one day. and then became a dirty 
yellow ; the white diminished and the black increased during the whole 
period, while the coloration increased from the second day on. Dark 
blue rock-salt changed from tint 69 to tint 63 to 75, i.e. to a blue- 
green. Here, as in the former case, the discoloured substance was 
often very spotty. The white remained nearly constant and the black 
increased. The coloured rock-salt contained colourless patches. These 
were much more sensitive than ordinary colourless rock-salt, as is shown 
by the curves for the change in the white content and in the coloration. 
For the former a value, which with the ordinary salt is reached in six 
days, is attained in one day with the colourless pieces taken from the blue 
specimens. The tint is the same in both cases. H. N. A. 


2520. Effect of Temperature on the Regular Reflection of X-Rays from 
Aluminium Foil. E. H. Collins. (Phys. Rev. 24. pp. 162-157, Aug., 
1924.)—The powder method of analysis was used, a coil of the foil being 
placed at the centre of the spectrometer in an electric furnace provided 
with openings for the X-rays. Intensity measurements for the scattered 
rays, wave-length 0-710 A., were obtained with an ionisation chamber, 
for temperatures 80°, 310° and 600° C. The scattering curve for 80° C. 
shows peaks at 17 4°. 20°. 28-7° and 33-8° (for planes 111, 100, 110 and 
311). Those are displaced for the higher temperatures because of the 
expansion, and arc also decreased in intensity, the ratios for Iooo to Igo 
being respectively 0-86, 0-815, 0-56 and 0-71. These ratios are con¬ 
siderably less than those predicted by the Debye theory, 0-94 to 0-81. 

Relative Spacing of Crystal Planes in Aluminium Rod and Foil.— The 
angles of the peaks are from 0 -4° to 0-7° less for the foil than for the rod, 
showing that the planes in the foil are about 1 • 6 per cent, farther apart 
as a result of the rolling. This difference is not decreased by heating 
to 600° C. * Author. 


2521. The Absorption Spectra in the X-Ray Sphere. D. Coster. 
(Zeits.. f. Physik, 25. 2. pp. 83-98. 1924.)—A new set of measurements is 
given on the fine structure of the K-border of the elements Ti, V, Cr ana 
Mn and the I^n-border of the elements Sn, Sb, Te and I, and it is shown 
that the character of the fine structure depends on the chemical condition 
of the elements in question. An absorption line at the soft side of the 
chief border only happens with these elements when the element is *n 
higher degree of oxidation. >-An attempt is made to give a qualitative 
explanation of the appearance called forth by the fine structure. A f u 
description, with diagram and photograph of the apparatus used, is given, 
and the results are recorded in both graphical and tabular forms. A. * 
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2522. Total Reflection of X-Rays. N. Carrara. (N. Cimento, 1. 

pp. 107-114, Jan.-April, 1924.)—A brief general account is first given 
of the work of observers who have sought to prove the existence of 
refraction of X-rays, the experiments of Hurion and Izarn, Gouy, Barkla 
[see Abstract 687 (1916)), Webster and Clark, Duane and Patterson. 
Stenstrom and Compton are briefly discussed. In the present paper 
experiments on the total reflection of X-rays are described and a 
diagram of the experimental arrangement is given. An attempt is also 
made to ascertain by direct measurements the length of X-ray waves 
with an ordinary diffraction grating. A. E. G. 

2523. The Refraction of X-Rays in Iron Pyrites. R. v. Nardroff. 
(Phys. Rev. 24. pp. 143-151, Aug., 1924.)—Preliminary values of 
? = 1 — P were obtained by reflecting the first and fourth orders from 
a natural face of the crystal.' Then, as suggested by Bergen Davis, by 
grinding the crystal so as to decrease the angle between the beam and 
the molecular planes to 15', the angle of bending was increased from 
15* or less to as high as 210*. By calibration of the tangent worm and 
other precautions, lines were measured to 2*-5*. The values obtained 
for 8 X 10 8 for MoKa,. MoKft. CuKa,. and CuK/J, are 3-35 ± 0-2, 
2*87 ±0-2, 17-6 ± 0-5 and 13-2 ±0-4. The corresponding values com¬ 
puted from the I.orcntz dispersion formula, assuming two electrons in the 
K ring, arc 3-34, 2-66, 17-7 and 13-6. The good agreement seems to 
indicate that the influence of the natural frequencies of the K electrons 
is not negligible. The limits of total reflection observed near grazing 
incidence gave approximate values of the refraction ; and the crowding 
together of MoKfl, and MoKy, near grazing incidence also gave a value 
of 8 for MoK^j. 

Wave-lengths of MoK£, CuKa, and CuK R are found to be 0-63102, 

1-5372 and 1-3892 A. 

Grating space of iron pyrites is found to be 2-7028 A. Author. 

2524. Determination of the Scattering and Real Absorption Coefficients 
of X-Rays. M. Blau and K. Altenburger. (Zeits. f. Physik, 26. 3. 
pp. 200-214, 1924.)—A lead box, 15 cm. long, 8 cm. broad and 21 cm. 
high, was divided into two parts by a horizontal partition, the upper 
part containing a carbon filament electroscope connected with a thin, 
vertical carbon rod, which passed down nearly to the bottom of the lower 
chamber a little to one side of the central line, so as to avoid the impact 
6t the direct X-ray beam. At the centre of one of the ends of the lower 
chamber was attached a long horizontal tube, containing four diaphragms 
with 3 mm. holes. Monochromatic or homogeneous X-rays entered at 
the end of this tube, and passed in a narrow beam along its axis through 
a hole in the left end of the box. and on through a hole on the other 
side into an expanding conical tube. To prevent the entry of the charac¬ 
teristic lead radiation into the ionisation chamber the walls were covered 
with an absorbing layer of copper and aluminium, and to keep down 
as far as possible the radiation of electrons the aluminium was covered 
with paraffined paper. The absorber plates were placed either against 
the left end of the box, when the forward scattered X-rays .entered the 
chamber, or against the right end, when the backward scattered rays 
produced ionisation ; in both cases the absorber plate was separated from 
the chamber by a plate of celluloid, over which was placed a sheet 
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of paper covered with graphite, with a hole in the centre to allow the 
X-rays to pass through. The theory is worked out in detail, and equations 
are obtained by means of which the scattering coefficient can be calculated 
from the observation. These are regarded as incomplete, but the results 
obtained are compared with those of Statz, and the values are found to 
be smaller throughout. The values of g/p, (a/p)f, ( a/p)b and (p./p)r are 
given for voltages from 143 to 185 kilovolts on the X-ray bulb, where 
g is the coefficient of extinction in the absorber, a the coefficient of 
scattering. / indicates forward scattering, b backward scattering, and p. 
the true absorption coefficients ; ( o/p)b diminishes with increase of hard¬ 
ness of the X-rays employed. H. N. A. 

2525. A Method of Testing Experimentally the Theory of Bohr, Kramers 

and Slater. W. Bothe and H. Geiger. (Zcits. f. Physik, 26. 1. 
p. 44, 1924.)—Accepting the explanation of the scattering of X-rays 
given by Compton and Debye, an experiment seems possible which would 
render evident the simultaneous production of a scattered radiation 
quantum and the special electron connected with it. The directions of 
these two entities do not coincide, and if two counting arrangements are 
placed so that one receives hv' and the other the electron, both must 
record simultaneously. According to the new theory of Bohr, Kramers 
and Slater there is no such coincidence in the times. The authors con¬ 
sider such an experiment possible, using two Geiger counters registering 
on the same film. The scattered X-rays, it is true, will only act by first 
producing photoelectrons inside the counter, and so a continuous suc¬ 
cession of coincidences is not to be expected, but only a statistical 
connection between the two counts. H. N. A. 

2526. The K-Excitation Limit of the Light Elements. F. J. V. 

Wisniewski. (Phys. Zcits. 25. pp. 297-298. June 15, 1924 .)—The 
author refers to a paper by Holtsmark calling attention to the fact that 
the above limit for He. Li'. Be'. B"' and C" is approximately two-thirds 
of that obtained by extrapolation from the higher elements [see 
Abstract 2195 (1923)]. For carbon both limits are observed. Dis¬ 
agreeing with the explanation given by Holtsmark, the author assumes 
that for these elements the two K,electrons travel round the nucleus, 
not in a one-quantum, but in a two-quantum orbit. He shows that the 
energy E, which must be supplied to remove these electrons from the 
two-quantum orbit to infinity, is equal to (4Z - l) 2 X 13-53/32 volts. 
The following table shows the relation between E and the observe# 
K limits:— . *■ 


K. 

Elcmeut. ’ 

E. Calculated Volts. 

K. Limit Volts. 

• 2 ' 

. He 

20-7 

20*5 to 21*3 / 

3 

.r .. . Li 

61*14 

62-6 

4 

Be' 

95-1 

95 

5 

B"'. 

152-8 

145 to 150 

215 , 

6 

C" 

223 

234 . 
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It is assumed in calculating the above values that all the L electrons 
have previously been removed. It appears then that the two K elec¬ 
trons of these elements move in a stable two-<juantum circular orbit. 

H. N. A. 

2527. Crystal Analysis by the Diffraction of X-Rays. R. A. Patter¬ 

son. (Indust, and Engin. Chem. 16. pp. 689-491, July. 1924.)—A 
simple account of the principles involved in the examination of crystals 
by X-rays, with a description of the method employed by Hull; the 
simple cubic, body-centred cubic, and face-centred cubic space lattices 
are explained. H. N. A. 

2528. The Application oj X-Ray Crystal Analysis to Metallurgy. 

E. C. Bain. (Indust, and Engin. Chem. 16. pp. 692-698, July, 1924.)— 
Describes the use of the Hull or Debye and Sherrer method in metallo¬ 
graphy, where it is giving results comparable with those of the metal¬ 
lurgical microscope, though in a different direction. Allotropy seems 
to be a matter of atomic arrangement; cobalt may be close-packed, hexa¬ 
gonal, or face-centred cubic; y-iron was found by the author to be face- 
centred cubic, while a-iron is body-centred cubic. No third allotropic 
form is indicated between 768° and 900° C. by an alteration of the 
lattice. The author has examined about twenty scries of solid solutions, 
and found that solution in the solid state takes place by the replace¬ 
ment of solvent .atoms by solute atoms in the space lattice of the 
solvent. There must be a greater attraction between unlike atoms than 
between like ones ; the total volume diminishes, and the shrinking seems 
to be a measure of the chemical affinity between the metals. When 
the two metals have different space lattices two kinds of solid solutions 
are found, A dissolved in B with the B space lattice, and B dissolved in 
A with the A space lattice. In some cases there is a new lattice for the 
compound of A and B. There arc four different types of space lattice for 
solid solutions, consisting of Cu and Zn. Coring is a complication due to 
difference of composition between the first crystallites solidified and the 
metal subsequently deposited. The sharp lines of the crystallogram are 
broadened, since the different portions of the metal have different 
space-lattice dimensions from point to point. Grain-size effects arc very 
important. Fairly small crystals give narrow, uniform diffraction bands ; 
each tiny crystal gives its diffraction image, and these overlap and are 
indistinguishable; larger crystals give a dashed appearance to the 
band, the intensity being different at different points. With crystals 
of submicroscopic size the bands are broadened. The identification of 
new constituents and the preferred orientation of the crystallites due 
to cold work are also dealt with. H. N. A. 

2529. Reply to Remarks of M. Siegbahn on an Article Dealing with 

the Use of X-Rays in Chemical Investigations. H. Stintzing. (Zeits. 
phys. Chem. 111. 1-2. pp. 157-169. 1924.)— Points out that, although 
Siegbahn dwells on the negative results of the author, the latter has 
described a numl>cr of improvements made by him in the construction 
and use of incandescent electrode tubes, which enable the characteristic 
X-rays to be produced with a relatively low vacuum. [See Abstracts 915 
(1023) and 2103 (1924).) H. N. A. 
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2530. The Amount of Emanation in the Radio-active Springs of Bram- 

bach and Oberschlema. P. Ludewig. (Phys. Zeits. 25. pp. 280-281, 
June 1, 1924.)—The author gives the amount of emanation per litre for 
two springs and three borings at different dates from December, 1922, 
to February, 1924. At the Oberschlema spring the amount varies from 
1840 Mache emanation units per litre to 2600 units; this depends on the 
flow of water from the spring, diminishing with this. The increase in 
the winter of 1924 was apparently caused by a long-continued frost, 
which prevented water from penetrating into the fissures from which 
the spring is fed. H. N. A. 

2531. The Measurement of Small Radio-activities, including those o/ the 
Alkali Metals. G. Hoffmann. (Zeits. f. Physik, 25. 3. pp. 177-199, 
1924.)—In general the ionization current is composed of two com¬ 
ponents. one due to single a-particles, the ions produced by which cause 
sudden movements of the electrometer, the other of and y-radiation, 
which gives a more regular movement. In the present paper the author 
shows how the first component can be eliminated and the second investi¬ 
gated. The ionisation space is contained in a spherical wire ‘'cage” 
formed of three wires bent into equal circles and fixed at right angles 
to one another. The cage is kept at 240 volts, and when ionisation takes 
place inside it, a current flows from it to a central wire electrode con¬ 
nected with an electrometer. The cage is contained in a brass vessel, 
near the wall of which, at some little distance from the cage, is placed 
the radio-active preparation. The brass vessel is surrounded by thick lead 
cylinders, which to a large extent prevent outside radiation from 
penetrating its walls; the air is then pumped out and replaced by C0 2 
under pressure. This aborbs the a-rays from the preparation and from 
the walls, and only the f$- and y -rays penetrate into the cage. 1 he result 
is a steady drift of the spot of light from the electrometer, which, falling 
upon a moving photographic plate, gives a record of the current flowing 
(Method I). If the a-activity of the preparation is zero, or even if it is 
very small, the preparation may be placed inside the cage, and it is 
still possible, by observation of the undisturbed portions of the line 
traced on the plate, to estimate the ionisation due to the /?- and y-rays 
(Method II). The table herewith gives the values obtained, the radio¬ 
activity of potassium being taken as unity. 



Na. 

K. 

. Rb. 

Cs. 

u. 

Method I .. 

<0 002 

1 

41 

0 

460 

Method II .. 

• • 

<002 

1 

7-6 

<003 

_• 


These results are for pure caesium, the mineral polluxite, which contains 
no rubidium, having been employed. Interesting results were 
with recently prepared lead, and with lead which had been exposed to 
the weather for 140 years The former showed about ten times the radio¬ 
activity of the latter. Observations on the relation between colour an 
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activity in fluorspar, and on the penetrating radiations which are particu¬ 
larly strong at great heights, are also mentioned. H. N. A. 

2532. On the Absorption and Scattering of y-Rays. N. Ahmad and 
E. G. Stoner. (Roy. Soc., Proc. 100. pp. 8-19, July 1, 1924.)—In this 
paper the results obtained in Ahmad's previous paper on the absorption 
of penetrating y-rays are discussed, with special reference to scattering. 
It is shown that the total apparent atomic absorption of y-rays from 
RaB -f- C, filtered through 1 cm. of lead, is given by 

Ha — 1-9 X 10-2*Z + 1-6 X 10- 3l Z« 

= 0-29o 0 Z + 2-29 x 10“ 2 A 3 Z 4 

where Z is the atomic number of the element of which the absorber is 
made, o 0 is the total scattering per electron on the classical theory, and A is 
wave-length. The identification of the two terms in the expressions for 
Ha with scattering and true absorption coefficients, based on analogy 
with X-ray experiments, is supported by the measurements of the 
scattered radiation; the terra 1-9 x 10” 25 Z is the scattering term, and 
the true absorption term is r — 1-6 x 10“ 3, Z 4 . Writing this r — frA 3 Z 4 , 
and using for b the mean X-ray value 2-29x 10“ 2 , the value A = 0-019 A.U. 
is obtained. Unless a very improbable spectral energy distribution is 
assumed, the mean wave-length is certainly less than this. The extra¬ 
polation of the A 3 law to these very short wave-lengths is only tentative, 
and much more experimental work is necessary. The wave-length is 
also estimated from the scattering term, using Compton's formula, the 
value- being 0-0195 A.U. ; but the agreement of the values is partly 
fortuitous. The scattering per electron is approximately constant for 
the different absorbers, and between 20° and 80° is equal to 0-14cr 0 . 
This constancy supports the view that the first term in the expression 
for Ha corresponds to scattering absorption. Comparison with Compton's 
distribution formula; shows qualitative agreement; but the formula; 
lead to lower values for the total scattering absorption, and much lower 
values for the relative scattering, than those observed. H. N. A. 

2533. Absorption of Hard y-Rays by Elements. N. Ahmad. (Roy. 
Soc., Proc. 105. pp. 507-519. May, 1924.)—By means of a balance method 
the absorption of hard y-rays from RaB -j- C has been measured with 
considerably greater accuracy than hitherto, and for a larger number 
of elements. The results indicate that the relations governing the apparent 
absorption are of the same type as for X-rays. The apparent atomic 
absorption can be represented by 

Ha * 168 X 10-26 z + 1-60 X 10- 31 Z 4 . 

I aking the first term to represent scattering absorption and the second 
photo-electric absorption, two estimates of the mean effective wave-length 
have been obtained (0 015 and 0-019 A.U.) which arc in fair agreement 
between themselves and with the indications of other work. A. B. W. 
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2534. Determination of the Thermal Coefficients of Expansion of Some 
Commercial Metals and Alloys. J. N. Friend and R. H. Vallance. 
(Inst, of Metals. J. 31. 1. pp. 75-78; Disc.. 78-79. 1924.)—A description 
is given of an apparatus for rapidly determining the coefficient of 
expansion of commercial metals and alloys in the form of bars of about 
24 in. length. The apparatus consists essentially of a vertical steel 
tube, 27 in. in height and 3 in. internal diameter, the lower end of which 
is fixed to a heavy steel or cast-iron base. The bar to be tested rests 
on a quartz cylinder placed at the bottom of the tube. On the upper 
end of the bar rests a short quartz rod. the upper end of which supports 
the base of an Ames dial gauge. Readings of the dial are taken first 
when a current of water is sent through the tube and afterwards when 
steam is admitted. The dial gauge was calibrated with a spherometer. 
Results of tests on a number of metals and alloys are given. In the 
Discussion D. Lewis referred to the use of a thermionic valve circuit 
for measuring small changes in dimensions, and the President stated 
that the authors' results were, generally speaking, in agreement with 
those values already accepted for the alloys and metals they had tested. 

W. C. S. P. 


2535. Thermal Conductivity of Some Industrial Alloys. H. M. 
Williams and V. W. Bihlman. (Am. Inst! Mining Eng., Trans. 69. 
pp. 1065-1069, 1923.)—This method for determining thermal conduc¬ 
tivity consists of heating one end of a bar electrically, measuring the 
amount of heat transmitted through the bar by a flow calorimeter 
fastened to the other end, and measuring the temperature gradient along 
the bar. In order to compensate for the less of heat laterally the bar is 
surrounded by a steel pipe, electrically treated at the bottom and cooled 
at the top with a water-jacket. The test bar is supported at one end 
by a steel socket, upon which a 500-watt electrical heater is wound. 
Iron-constantan thermocouples are inserted in the test bar at two points, 
A and B. Two thermocouples arc brazed into the bottom of the steel 
pipe. The annular space between the test bar and the steel pipe is 
filled with sil-o-cel packing. The coefficient of thermal conductivity is 

given by the formula K = X \ where K = quantity of 

(li — l 2 ) X a ( 

heat in calories transmitted per second through a plate 1 cm. thick per 
sq. cm. of its surface when the difference of temperature between the 
two forces of the plate is 1° C. ; M = rate of water flow in calorimeter 
in grams per second ; t t and / 2 the temperatures respectively of the out¬ 
going and incoming water of calorimeter, degrees C. ; Tj = temperature 
at point A, degrees C. ; T 2 = temperature at point B, degrees C. ; 
l = distance between A and B, in cms. ; and a = cross-sectional area of 
bar, in sq. cm. T. C. H. 


2536. Determination of Thermal Conductivity of Refractories. M. D- 
Hersey and E. W. Butzler. (Washington Acad. Sci., J. 14. pp. 147-151, 
April. 1924.)— This paper contains a brief account of thermal conductivity 
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work in progress at the Pittsburgh Experiment Station. U.S. Bureau oi 
Mines, and a discussion of a suggested formula to correct for transverse 
heat leakage and departure from a steady state. In the apparatus used 
heat flows outward in both directions from a flat central heater, and it 
is caused to flow along paths perpendicular to the surfaces of the two 
samples tested by means of guard-heaters suitably regulated. The heat 
input is measured electrically, and the testing unit consists of three flat 
heaters and guard-rings wound with nichrome wire, two layers of brick 
under test (about 2 in. thick and 1 ft. square), and four thin metal plates 
with guard-rings. The apparatus includes about eighteen thermocouple 
circuits for measuring the various temperature drops. 

The conductivity is computed from the equation k = H/AG, where 
H is the heat flow through area A. and G the corresponding tempera¬ 
ture gradient. Usually G is taken to be the over-all gradient. G 0 , i.e. 
Go — *i — t-Jx, where x = thickness of the layer of brick comprised between 
the two isothermal planes /, and I*. But then H must be taken as the corre¬ 
sponding heat flow H 0 . averaged from input and outflow observation 
at the respective surfaces, except when there is no transverse heat leakage 
at all. and no accumulation of heat within the brick. On account of the 
high temperature of the cooler surface of the brick in the experiments 
another method has been used for applying the conductivity equation. 
For G the actual temperature gradient at the hot surface where II is 
observed is taken, and not the over-all gradient. This value of G cannot 
be directly measured, but it may be computed in terms of the over-all 
gradient G 0 by the relation G = G 0 (l + </G/G 0 ). where the gradient 
correction is given by t/G/G 0 — 4{(/ — /„,)/(/, — / 2 )}. where /, — tempera¬ 
ture of junction near the hotter surface of the brick, t 2 ■■ temperature near 
cooler surface, / = mean temperature of the brick (/i + 1 ^/ 2 , and 
t m = observed temperature in the interior of the brick midway between 
tl and t 2 . The results arc given of six independent tests on Hytcx 
hydraulic pressed building brick and on Central of Georgia firebrick. 
From these it appears that the true conductivity in e.g.s. units of Hytex 
brick is 0-0028 when/, - 155° C. and 0-0029 when/, = 175° C. or 260° C. 
For Georgia brick the true conductivity at /, *= 290° C. is 0 0019, and for 
/, = 946° C. the true conductivity = 0 0027. J. J. S. 

2537. Application of the Interferometer to Measurements of the Thermal 
Dilatation of Ceramic Materials. G. E. Merritt. (Bureau of Standards. 
Sci. Papers. No. 485. pp. 357-373. 1024.)—This paper describes the 
determination by an interferometer method of the thermal dilatation of 
a large number of ceramic materials over a temperature range up to 
about 1000° C. The specimens were in the form of tripods or pins 0-6 
to 10 mm. long, separating two interferometer plates of fused quartz 
(see Abstract 1057 (1919)]. The under surface of the lower plate was 
unpolished and the upper surface of the upper plate was slightly inclined, 
so that the light reflected from this could be cut out of the field of view. 
The yellow radiation from He was used to produce the interference 
bands. The shift of the bands, with expansion of the separators, was 
observed with reference to a mark ruled on the lower surface of the upper 
quartz plate. The interferometer was situate at the centre of a vertical 
electrically heated furnace 30 cm. high, internal diameter 5 cm. The 
temperature was measured by a thermocouple in contact with the lower 
interferometer plate. The heating current was adjusted so that the rate 
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of rise or fall of temperature was about 4° C. per minute. The materials 
investigated consisted of samples of glaze, terra-cotta, tile, porcelain, 
glass pots, and unburned clay. The results are shown in a number of 
curves coordinating change in length per cm., with temperature both 
for heating and cooling over the chosen range. With seasoned samples 
consistent results were obtained on repetition, showing that the method 
is particularly applicable for these materials where only small samples 
are usually available. The dilatation of the different materials differ 
greatly, and for any one material it varies with the part of the temperature 
scale. Permanent dimensional changes may also be brought about by 
heating. The data also explain the failure of certain glazes when used 
in combinations, for although the expansion curves of two materials may 
coincide at lower temperatures, they may diverge widely as the tem¬ 
perature rises. L. L. 

2538. Emissive Tests of Paints for Decreasing or Increasing Heat 
Radiation from Surfaces. W. W. Coblentz and C. W. Hughes. 
(Bureau of Standards, Tcchnol. Papers No. 254. pp. 171-187, 
Washington. 1924.)—An account is given of the results of experiments 
undertaken to find means of decreasing or increasing the rate of thermal 
radiation from heated surfaces. Data are given on the emissivity of 
sheet-iron, cotton-duck, roofing material, artificial leather, etc., covcrod 
with white paint, vitreous enamel, aluminium paint, etc. Duplicate 
samples of the material for test were selected, and the under (or upper) 
side of one sample was coated with aluminium or some other paint. 
These two samples were mounted in a holder and exposed to the sun. 
After the two samples were thoroughly heated, the intensity of the heat 
radiated from the underside of each one was measured by means of a 
sensitive thermopile. It was found that aluminium paint emits only 
30 to 50 per cent, as much thermal radiation as the unpainted material, 
and as the white paint, vitreous glass, enamel, or other non-metallic coat¬ 
ing. The data are useful in giving a means for reducing the heat radiated 
from the underside of roofs, tents, awnings, automobile tops, etc. A 
coating of aluminium paint applied to the top of an opaque canopy— 
for example, automobile top—reduces by 50 per cent, the heat radiated 
from the underside. A coat of aluminium paint applied to the underside 
of a cotton-duck tent-cloth shuts out 85 per cent, of the heat rays. The 
application of these data to house radiators is discussed. It is shown 
that, owing to the fact that house radiators arc essentially convectors 
of heat, a gain of only 10 to 15 per cent, in heat dissipation into the 
room may be expected by covering the surface of the radiator with a 
paint which is free from flakes of metals, such as aluminium or bronze. 

W. C. S. . 

2539. Apparatus for the Determination of the Heat of Evaporation of 
Liquids of High Boiling-Points. J. H. Awbery and E. Griffiths. 
(Phys. Soc., Proc. 30. pp. 303-311; Disc.. 311-312, June, 1924 .)—The 
authors describe two new forms of electrical apparatus for determining 
the heat of evaporation of liquids of high boiling-point and discuss their 
relative merits. The fundamental principle of the first apparatus is the 
determination by condensation of the total heat of the vapour, and the 
subtraction from it of the total heat of the liquid to just below the 
boiling-point. The liquid was steadily boiled in a large vessel heated 
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electrically and the vapour condensed into a silicon tube which was 
surrounded by a water-jacket, through which a stream of water passed 
at constant head. Copper-constantan couples arranged differentially 
gave the rise in temperature of the water, and a third couple indicated 
the temperature of the condensed liquid. The specific heat of the liquid 
was determined by the method of mixtures. Tests made on methyl- 
alcohol, water and aniline gave results within 1 per cent. This apparatus 
was also adopted to measure the heat required to evaporate a known 
mass of liquid by submerging a second heating coil in the liquid. The 
chief objection to this apparatus is the necessity for subsidiary experi¬ 
ments to determine the specific heat of the liquid or the heat required to 
maintain the calorimeter at the temperature of the boiling-point of the 
liquid. The second apparatus which is described gets over this difficulty. 
The liquid under test is contained in a small double-walled vessel connected 
to a condenser tube for collecting the condensed vapour. Surrounding 
this vessel is a thick walled metal enclosure wound with a heating coil, 
so that it can be maintained at the same temperature as the liquid. 
The liquid was heated by means of a submerged coil until the vapour 
was just slowly distilling over. By weighing carefully the amount 
vaporised per second at two known rates of energy input a value for 
the heat of vaporation (by difference) could be obtained with a high 
degree of accuracy. W. C. S. P. 

2540. The Heat of Vaporisation of Carbon, de Forcrand. (Comptes 
Rendus, 178. pp. 1868-1871. June 2. 1924.)—The author refers to the 
high value of the heat of vaporisation of carbon which is obtained by 
substitution of the known boiling-point temperature in the formula of 
Trouton or the Nernst modification. He has previously proposed the 
alternative expression (Abstracts 1440 and 1450 (1913)) 

L/T= 10-1 logT - 1-5 - 0-009T + 0-000002CT 2 

which fits well with observed values and covers a much wider range, 
viz. from the boiling-point of Ho 4-26° to that of Cu 2583° (abs.). 
Taking Violle’B value for the boiling-point of C as 3800°, the latter expres¬ 
sion gives for L 144,000 cals, per gm. molecule. Values projxaed by 
various observers in recent years range from 140,000 to 287,000 cals, 
per gm. molecule. Using Kohn's recent determination of the boiling- 
point of C (Abstract 676 (1921)). viz. 4190° abs., L is 180,263 and 
L/T 43-52. Again, the vapour pressure data given by Kohn enablo 
L to be deduced by aid of the Clapeyron equation. This method gives 
163.600 cals, per gm. molecule. L. L. 

2541. The Measurement of Small Rates of Heat-production by Thermo¬ 
pile and Galvanometer. W. Hartree. (Joum. Sci. Instruments. 1. 
pp. 265-272, June, 1024.)—This paper describes how the rate of heat- 
production in a living muscle on stimulation may be determined. The 
special thermopile employed consists of iron-conatantan couples wound on 
a U-shaped frame of ivoride or glass. One set of junctions lies midway 
between the limbs of the U. the other set on the outside edges of the frame. 
The whole is coated with shellac varnish. The frame carries a pair of 
electrodes for excitation. The muscle lies on the control junctions, but 
is insulated from them by the thin coating of shellac. The thermopile and 
specimen are placed in a glass test-tube, which is surrounded by water 
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contained in a vacuum vessel. The temperature of the water is maintained 
constant to 0-02° C. and may be raised above room-temperature bv 
electric heating. A Broca or a Paschen galvanometer (period adjusted to 
about 3 sec.) is used in conjunction with the thermopile, and a time record 
of deflections is recorded photographically. To obtain the rate of heat 
production over any interval of time or the actual heat produced in some 
specified interval a time record of deflections is obtained for the living 
muscle under the prescribed stimulus. A control curve is then obtained 
when a known amount of heat is supplied for a known time to the dead 
muscle. The observed curve for the living muscle is then analysed into 
a set of curves of the type of the control curve. [Abstract 1464 (1921).] 

L. L. 

2542. Repair of Leaky Calorimetric Resistance Thermometers. J. D. 

Davis and H. M. Cooper. (Indust, and Engin. Chem. 16. p. 679, June. 
1924.)—The access of moisture into the case enclosing the platinum 
resistance wire is prevented by soft-soldering the case—consisting of a 
thin, seamless silver tube—to a platinised glass tube, which is sealed to 
a fibre thermometer-head by means of Dekhotinsky cement. Solidified 
paraffin may be used to seal resistance thermometer coils without 
straining the wire and without increasing the thermometer lag appre¬ 
ciably. If desired, a small glass bulb containing phosphorus pentoxide 
may be used for keeping the case dry. J. S. G. T. 

2543. Thermal Method for the Study of Gaseous Systems. G. Piccardl. 

(Accad. Lincei, Atti, 33. i. pp. 287-290, April 13. 1924 .)—Gaseous systems 
may be investigated by a thermal method which consists essentially in 
supplying the system with measured quantities of heat according to a 
known function of the time chosen arbitrarily, Q == /(/), in observing the 
corresponding variations in temperature of the system itself or of construct¬ 
ing experimentally the function 0 =<(> (/). and in constructing from these 
two functions a third. 0 =0> (Q). which expresses the thermal phenomena 
taking place. The system is contained in a closed, rigid, invariable 
surface of negligible thermal capacity and constant thermal conductivity, 
the heat being introduced through a very small, totally enclosed surface. 
The surrounding medium is of such nature that the temperature variations 
which occur are rendered very small. The conformation of the surfaces 
is chosen so as to hinder as little as possible convective or other movements 
of the gas. The temperature is read at a large number of points of the 
system, and the mean value taken. It is shown that, for a perfect gas or 
in cases where it is possible, within certain temperature limits, to keep 
constant ( 1 ) the product of the mass of the system by the specific heat, 
and (2) a factor depending on the surface and on the capacity of the gas 
for convective heat transport, the (0 — T) : / and (0 — T) : K diagrams 
are completely calculable for any one gas. As yet it is not possible to 
ascertain the relation between these diagrams for different perfect gases 
under the same conditions. T. H. 

I I 

2544. On Radiation Theory and Specific Heats by E. Csdszdr. 

Schrodinger. (Zeits. f. Physik, 25. 2. pp. 173-174. 1924.)—The present 
author criticises E. Cs«Lsz4r’s hypothesis, and points out that it is unlikely 
to prove in quantitative agreement with Debye’s theory, or the expert 
mental facts. [See Abstract 568 (1924).] ’ B. H. B. 
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2545. The Influence of Indifferent Gases on the Saturation-Vapour 

Concentration of Liquids. F. Pollitzer and E. Strebel. (Zcits. phys. 
Chem. 110. pp. 768-785, 1924.)—The change of the saturation vapour 
concentration of a liquid when compressed gases arc present depends, in 
the absence of chemical effects, upon two different causes, viz. the pressure 
on the liquid and a dissolution effect of the compressed gas upon the vapour. 
The pressure effects an increase of the partial pressure over the liquid, which 
is independent of the nature of the pressing medium, and is solely a function 
of the pressure exerted upon the liquid. The second cause is a material 
property, and effects an increase in the vapour concentration. The change 
in the vapour concentration of water and carbonic acid by air, N 2 , H.» and 
C0 2 , has been determined up to pressures of 200 kg./cm. 2 and at two tem¬ 
peratures, 323° and 343-2° abs., tables of data being included. A simple 
expression is derived for the calculation of the increase of vapour pressure 
by pressure, the saturation pressure being expressed as a function of 
the total pressure for the cases investigated. The difference between the 
calculated vapour concentrations corresponding to these pressures and the 
observed values is ascribed to the dissolution capacity of the compressed 
gas. This is small for water-vapour and H 2 , appreciably greater for air, 
and very considerable for C0 2 . From the change of water-vapour concen¬ 
tration with temperature in the presence of compressed C0 2 the heat of 
evaporation can be approximately evaluated. ” H. H. Ho. 

2546. The Internal Pressures of Solids. T. W. Richards. (Am. 
Chem. Soc.. J. 46. pp. 1419-1436. June, 1924.)-Onc of the objects of 
the investigation is the discovery of the hitherto unknown laws which 
determine the relation of the volume of liquids and solids to external 
pressures as well as to the great internal pressures which exist within 
them. The author recently suggested a hyperbolic interpolation equation, 
vtz. (P -f P)(t/ — Bj) = k. analogous to that of van der Waals, and 
showed that the change of volume of solids under pressure conforms to 
it in many cases. In this equation p indicates external pressure, P is a 
function involving internal cohesive pressure, v is the volume at given 
pressure p, B, is a fractional volume indirectly representing the resisting 
tendency or repulsive potential of an atom, and A is a constant. 

The equation is now modified so as to include the effect of temperature, 
being then written, (p + P)(i* — B|) = A| -f cT, h t being independent of 
temperature. By differentiation it can be seen that P = (1 - B,)//? 0 . where 
Po is the coefficient of compressibility at p = o ; and c = a 0 (l — B|)//?„, 
a 0 being the initial coefficient of expansion. The equation is found to 
agree extremely well with experiment for hard metals such as silver, 
platinum and tungsten. It may be written, />-f P=A,/(t» — B,) -f cT/[v — B,), 
or -f- 7r = 7r p +P#, n and ir p , being assumed to be independent of 
temperature, but not independent of volume change, n is the true 
cohesive pressure. n p is that part of the true distending pressure which 
is not due to heat. Probably each of these true pressures increases 
rapidly with diminishing volume. Making this assumption, the equation 
of state of a solid may be written as follows,/> -f n 0 {vjvi) m = (w p ) 0 {v ( Jv l ) M 
+ (Bo)”!- The last term is shown to be equal to Ta/fl. As an example 
the following values are found to fit experimental values for silver, 

P + 160.680(t/ 0 /i' 1 )»-7 = 144.510(1/0/^)8-5 + (Ta//?) V| . Evidence from other 
directions is given to show that the internal pressures thus deduced are 
probably near the truth, e.g. -the internal pressure of silver would appear 
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to have the value 145.000 megabars, 
and their calculated internal pressures 
tungsten 632.000 megabars. 


A table is given of eighteen metals 
in megabars from caesium 4000 to 

T. B. 


2547. The Energy conveyed by a Flowing Gas and on the Thermal 
Phenomena discovered by Martin Knudsen. S. Weber. (Zeits f 
Physik, 24. 5-6. pp. 269-284, 1924.)-The author first briefly discusses 
the investigations of N. Bohr on the energy carried by diffusing particles 
or electrons. Bolir obtains for the kinetic energy of a particle of a gas 
the expression iJAT. while j|AT »s the mean energy of the molecule. The 
difference between these quantities is accounted for by a flow of work 
pW = wAT. Bohr’s result is also obtained by the author by simple gas 
kinetic theory considerations. If the molecule has rotational energy the 
expression becomes f ATx $AT(K - 1). In the case of pure molecular 
streaming at constant temperature through a tube whose dimensions arc 
small compared with the mean freepath Knudsen obtains the expression 
. T for the transported kinetic energy, or. if we include rotational energy, 
we have f.. AT + j}AT(K — 1). Knudsen (Report of first Solvay-Kon- 
gress. 1911) describes experiments in which hydrogen and atmospheric 
air were forced through a tube containing a long plug of glass wool, and 
in the stationary state a rise of temperature was observed at one end 
and a fall at the other end of the plug. The energy transported across 
two given end sections is m$AT -f n K. while the energy m . JAT + «K 
crosses any section of the plug. In this case energy n . .}AT is liberated 
at one end and absorbed at the other. In hydrogen this Knudsen effect 
is opposite in sign to the Joule-Thomson effect. The Knudsen effect 
varies with the pressures />, and p 2 . and several cases are briefly discussed. 
The results obtained arc as given in Table I herewith :— 


Table I. 


Hydrogen. 

Atmospheric Air. 

- — ~ 

Pi mm. 


AT*. 


Pi rnm. 

Pi mm. 

A/0. 

*;• 

2-6 


n 

003 

2-5 

0-04 

C5 

002 

6-7 


css 

006 

90 

007 


004 

84-8 



0-67 

94-6 

1-10 


0-20 

.1250 

O ■ ■ v 

fits 

0-74 

161-7 

2*34 


012 

1590 



. 0-79 





1820 

11-0 

10 

0-08 





.341-0 

210 

m 

0-20 






A/ 0 = temperature difference between the two end sections. 

A/$ = temperature difference between the last section and a thin 
plate in the gas beyond. 


These results are now discussed in relation to the theory. A formula 
for the total energy received by a unit of area perpendicular to the flow 
of gas is obtained. This formula is used to compare the theoretical 
values with the experimental values obtained by Gaede [see Abstract 
1763 (1913)] in his molecular pump, in which a small metal box with four 
separate sides is placed in a circular canal of square cross-section. The 
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difference in temperature of the sides of the box is observed by the help 
of thermal junctions and compared with the calculated values. The 
results, which show good agreement considering the difficulties of the 
experiment, are given in Table II :— 


Table II. 


Pressure 

P dync/cm.*. 

-’Al Obs. 

2-U Calc. 

lYessure 

P dyoc/cm.5. 

2AI Obs. 

2 AI talc. 

640 

0-98 

[184] 

2-9 

0-20 

0-17 

58-5 

0-98 

[1-76] 

1*8 

014 

Oil 

33-3 

0-94 

1-27 

1-3 

010 

008 

200 

0-77 

0-89 

10 

008 

006 

13-3 

0-60 

0-65 

0-6 

005 

004 

6-3 

0-37 

0-35 

0-4 

003 

0 024 


T.B. 


2548. Vapour Tension of Solid Carbon. J. J. van Laar. (Comptcs 
Rendus, 178. pp. 2250-2252, June 30. 1924.)—By means of Langmuir’s 
method of evaporation in vacuo and the employment of the Knudscn- 
Langmuir formula. Wertcnstcin and Jcdrzejcwski [sec Abstract 112 (1924)] 
obtained the relationship: log /> mm . == - 47.000/T, - 0-75 log T + 14 -87. 
By converting p to atmospheres and giving T in the variable term 
the value 4000° abs.. this becomes: log I0 /w = - 47.000/T, + 9-3, 
whence T,. the ebullition temperature, becomes 5050° abs. From a study 
of the coefficient of dilatation and the molecular attraction of graphite 
the author obtains T, (sublimation temperature) = 5010° abs., thus 
making it clear that the sublimation point is considerably above 4200° abs., 
the figure deduced from measurements by Lurnmer and by Kohn. 

A. B. C. L. 

2549. The Chemical Constant of Hydropen. W. H. van de S. 
Bakhuyzen. (Zeits. phys. Chem. 111. 1-2. pp. 57-61, 1924.)—The 
chemical constant of hydrogen may be very accurately computed from 
the equilibrium solid-vapour and the experimental data now to hand. 
Ihis is carried out in the paper, which is entirely mathematical, and 
amounts to — 1-112, the theoretical value being — 1*13. H. H. Ho. 

2550. Critical Temperature in Condensation of Metal-vapours. J. 

Charlton and N. Semenoff. (Zeits. f. Physik, 25. 4-6. pp. 287-291, 
1924.) Method of measurement. The critical temperature depends upon 
the nature of the surface as well as upon the vapour-density. The results 
are in accord with Langmuir’s views as to the re-evaporation of imprisoned 
molecules. AD 

2551. On Nernst's Derivation of the Clausius-Clapeyron Equation. 
R. Lorenz. (Zeits. phys. Chem. 110. pp. 40-42, 1924.)—Nemst, in his 
celebrated manual of Physical Chemistry, derives the formula of Clausius. 
Clapcyron with the help of the Gibbs-Helmholtz equation of free energy 
The following is the simple method employed : " We will now apply to 
the evaporation of 1 gramme molecule of a liquid in a vacuum the [Gibbs- 

HelmholtzJ equation A — Y = T^.” [A = amount of diminution of 
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free energy ; V of total energy ; T = absolute temperature.l *' The 
volume which is at the disposal of the evaporating liquid we will choose 
as equal to the difference between the specific volumes of the saturated 
vapour V and of the liquid V'; then we have A = p(V — V') • dAtdT 
~~ ~ V ) d Pl dT l v = P(V — V') — /. and accordingly / = T(V - V') 

dp/dT, which is the Clausius-Clapeyron equation.” An objection has been 
raised to this reasoning, in that if A = pv (v being put for V - V'), then 
dX = P dv + vd P’ and not. as Nernst wrote. dA = vdp. The misunder¬ 
standing, however, is due to a want of knowledge of the formula of Gibbs- 
Helmholtz, which is deduced for constant volume. " The differential 
dA/cTl' is so determined that no performance of work is associated with 
the heating of the system.” The author therefore proposes that the 
equation should always be writen A - V = T(M/DT)„. in order to draw 
attention to the fact that it applies only to conditions of constant volume. 

T. B. 


2552. Vector Representation in Thermodynamics. A. Lartigue. 

(Comptes Rcndus, 178. pp. 2169-2171. June 23. 1924.)— In the kinetic 
theory of gases the mean kinetic energy of translation is proportional to 
the absolute temperature r. The movement of translation may be assimi¬ 
lated to a radial vibration, in which case the mean kinetic energy, kt, 
may be put on the real axis. The movement is propagated by a vibration 
until equilibrium is reached throughout the mass. On the imaginary 
axis lies the kinetic energy of rotation plus the potential energy of elastic 
deformation (inter nal energy , y, propagated inductively). Then the 
total energy q = V (kt) 2 + and the specific heat = bq/br = K^r/q = k 
cos <f>, with k constant (exterior work being neglected). When the specific 
heat increases with the temperature the angle tf> falls off. This is the 
usual case; but in liquid mercury the converse happens. In liquid 
water the specific heat is sensibly constant; then <j> is constant and 
q = ct. Make unit c correspond to 1° C.; then q measures the absolute 
temperature. A. D. 

2553. The Probability of the Quantum States. E. Fermi. (Zeits. f. 
Physik, 26. 1. pp. 54-56, 1924.)—When an atom is in different quantum 
states whose energies are itq, w 2 . . .. w r . the probability that an atom 
may be in the *th state is usually solved by means of the hypothesis that 
the statistical weights of the states are equal, and so the probability 
relation is pi = Ce- w ‘l* T , where C is a constant determined by the 
equation £/>» =1. An important case arises, e.g. with an hydrogen 
atom, where i states have energy, u/, = — R/i 2 , making pi = 
where C = 1 /2»« R/ * UT . Since, however, the sum diverges from C, the 
false result C = O arises. This difficulty is overcome by the assumption 
that only such quantum states are possible whose radii are smaller than 
the average distance between the atoms. In the present mathematical 
paper the calculation of the equilibrium between the quantum states of 
the same atom is based on thermodynamic volume considerations, from 
which is concluded that quantum states seldom occur corresponding to 
a greater volume than that given by ordinary statistics. (See also Abstract 

2129 (1924).] "r H. H. Ho. 

2554. Absolute Entropy and the Chemical Constants of Polyatomic Gases. 
J. K. Syrkin. (Zeits. f. Physik, 24. 5-6. pp. 355-365, 1924.)— This is a 
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mathematical paper, in which the author attempts to obtain expressions 
for the entropy and chemical constant of polyatomic gases. A comparison is 
given between the results of calculation and experimental values. The 
order of magnitude of the results is the same. T. 13. 


2555. The Quantum Theory of Monatomic Perfect Gases. G. Schay. 
(Zeits. f. Physik, 25. 1. pp. 37-41. 1924.)—The author attempts to develop 
a theory of the degeneration (Entartung) of a gas which is free from the 
objection attaching to previous attempts. He starts with the statistical 
equation for the free energy : 

F = - ATlogS>-E"/*T. (1) 

(see Planck. Warmestrahlung. 5 Aufl., Gl. 433). in which k = Boltzmann s 
.constant. T = abs. temperature. K m =» total energy of a gas in one of its 
permissible quantum states. The summation is to be extended to all 
these states. The problem is solved when this summation has been 
effected. The calculation is first made for a single gas atom, whose 
energy can be written : 

* “ + P + *) + «0 . ( 2 ) 


The quantum conditions arc introduced after Brody’s method (sec 
Abstract 046 (1922)). Considering the gas in a cube whose edge is a, so 
that a = V*/ 3 , the phase integral becomes 


2f mtdx = n'h, etc., where x = etc. 

J 2ma 

Substituting in (2). € - + n"* + «'"*) + * 0 

Put,ing db*= - e - we « c ‘ ,or a sin s ,c a,om 


n'h 


+ n"* + „'"*) 



Since the three quantum numbers are independent of one another, this 
can be written: 






Extending this to the whole gas by Planck's method of considering the 
gas as a structure with 3N degrees of freedom we obtain : 


F = - NAT log 


CM! 


+ Ne t 


(3) 


From this the author deduces entropy, energy, atomic heat and pressure, 
and finally that the region in which degeneration takes place is infinitely 
small, which does not agree with previous theories of degeneration. Essen¬ 
tially this requires that the gas atoms may be considered as mass-points, 
whose extent of mutual influence can be neglected. T. B. 
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2556. Dynamical Study of Vowel Sounds. I. B. Crandall .and 
C. F. Sacia. (Bell System Techn. J. 3. pp. 232-237, April, 1924.)— 
This paper gives the result of an analysis of spoken vowel sounds based 
on a set of accurate oscillographic records. The recording apparatus 
was designed to record the wave-forms of the different speech sounds 
practically free from distortion over the frequency range from 100 to 
5000 cycles per second. A brief description of the apparatus is given at 
the end of the paper. ' 

The thirteen vowel sounds investigated are & (pool), u (put), 6 (tone), 
d (talk), o (ton), a(father), ar (part), d (tap), e (ten), er (pert), a (tape), 
i (tip), and e (team). Eight records of each sound were taken, four by 
male and four by female speakers. The recording mechanism was so 
arranged that the whole of the sound from beginning to end was 
recorded in one continuous graph. In practice the average duration 
of these sounds was about 0-3 sec. Each record shows a sequence of 
growth and decay in amplitude somewhat as follows : first, a period 
of rapid growth in amplitude for about 0 04 sec., during which all com¬ 
ponents are quickly produced and rise nearly to maximum amplitude; 
second, a middle period, in which the general amplitude is nearly constant, 
but with varying phase relations between the different components and 
lasting about 017 sec.; and finally, a period of gradual decay lasting 
about 0 09 sec., in which all the components disappear. The essential 
point of the method of analysis used is that the whole record, from start 
to finish, is taken as the unit for analysis, and the data obtained arc 
therefore the average characteristics of the sounds throughout their 

duration. . ' 

It is usual to exhibit the properties of a vowel sound in a spectrun 
diagram showing the amplitude of the component vibrations as a function 
of their pitches or frequencies. For each vowel sound there are, m 
addition to fundamental* tones, certain characteristic regions of rcsoD * nc ° 
which may be at high or low frequencies. It would be possible fro 
the results of this analysis to present the sound spectra of each vowe 
showing the relative amplitudes for the different frequencies as P re * e “ 
in the original air vibrations, but this treatment has been modified 
take into account the relative importance of the various pitches m 
hearing. Using the data available on the relative sensitivity of the car 
at different frequencies, the acoustic amplitude at each frequency h 
been multiplied by the corresponding ear-sensitivity factor, and the pr - 
ducts so obtained are taken to be the effective amplitude-frequency 
relations which are characteristic of the sounds in question. The d 
from the four male records furnish one spectrum and those from 
four female records another, each shown separately on the 
This diagram shows the essential dynamical properties of these thirty: 
vowel sounds. The first six vowels (as in pool, put, tone, Q j 

father) include those usually designated as having single regions 
resonance. Progressing through this sequence from pool to father; t 
region of resonance rises in average frequency and becomes 
range. There is also, at least with male voices, a somewhat scatter 
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essential I I k high-frequency range of resonance, perhaps not 

vo, tL ' , m ° re h,ghIy develo P e<l in well-trained singing 

includes most^T" ° m , f “‘ her ‘° ,he end of ,he digram (team) 

^ resonance Th SO " ° Wn *° haVe tw0 characteristic regions 

h , “ T * mai " reg, ° n of resonance is seen from the diagram 

we fnliow^ r< H tWO P arts - wh 'ch gradually recede from each other as 
we follow the diagram down. 

hJEEJX the , d : agram as a whole ' it is important to consider not only 
r ° ° l th . e reSOnant canges, but also their extent and their 
relative separatum from other resonant ranges, in order to arrive at the 
essential characteristics of the vowel sound. In other words, the indivi- 
characteristic depends not only on the absolute pitch, but on 
rclaltve pitches, in case there is more than one region of resonance. 

E. H. B. 

Wa f”: f'“> u ‘“ c y Components oj Speech and Music. K. W. 

' Ele K kt 4y PP- «»-««». May 8. 1924. From the 

le egraphentechn. Rc.chsamtd-'The author describes the work of D. C. 

^nent, nf ence a . So ? nd, > a “ d S,um P f °" < h e frequency com- 
of fid f SP r Chand mus, cal sounds, and confirms their results by means 
filtercircuits. For instance, Millerfinds that the vowel U is characterised 

•110 and q tonn y °i aboat 22 °- and ,hc vowcl I by «wo frequencies of about 
i “ a " d 300 °- ° n sounding the vowel I into a microphone and passing 

he I?S„ C d.T . ijf 0l,g '* a , fil “ r WhiCh CUtS ° B ' re <l"cncies above 2000 . 

I am , a rlv , VOWel 5 ° und heard in the receiver is U instead of 

circuit ^ ' ° n ,he ovcrt °nes from a violin are cut off by a filter 

circuit, the sound received leads one to believe that a flute is being played. 

E. M. 

Ins? 55 ! 8 'IflTi ^% an f H ‘' gh ' W ’ J ‘ Humphreys. (Frank, 
voloc’itv of S. nnd 821_824 ’ Ju " e> l®**-) The apparent lowness of the 
Imd ljL^Tn T* 80 d,stances may 60 duc l ° travel of the 
rXes iYl, a U , PP ° r Using U,e closely known average 

Fumoo the ^h r l a "r t?' nS ? ,** d,florent lights over north-western 
putT' The vM - , , VelOC “ y °' S ° Und at lhcsc heights are com- 

cLssttsssr 1 ' — “—-» 

burtt S59 ['zrita S '' CT °f ,honr »‘P'“ Sounds'. F. Trendelen- 

urg. (ceits. techn. Physik, S. 8. pp. 236-260, 1924,1—After discussine 

r«uTi"' P ' 0, 1 in dcpic,il, « v °wd sounds, etc., a method 

is used fm nhtn e “ Condcnser microphone designed by H. Riegger 

i h e^„ 8 t,ction„;^ t hOVmg the wave-form of various sounds. 

toU W ^ werr.w? v m ' Cr0 . P s ,S “ f ° U0WS : A P iece of *hm aluminium 
foil. (A) between two very thin silk membranes is stretched 01 mm 

h^!n“ !| m M P ^ atc | (P) ' in wbicb slits are cut. A stiff back-plate 2 mm’ 
behind the foil completes the receiver. It is shown that in the region of 
speech frequencies the amplitude of the metal foil A is proportional to the 

pLTp “tepUto 0 !* an.nh nd rTr e * rCaChi " B 14 ,hr0 “ B h ,hc slits ''>« 

plate l. lie plate 1 and the fod A arc used as the two plates of a con 
denser, which is introduced in a high-frequency transmitting circuit so as 
form no! low fr «l u 5 , “ : y modulation of the carrier waves The cur« 

vt. h ^.-rT92V. hCn P " 0t To PhCd ^ mCanS a " -hlogtoph 
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or similar instrument, using suitable high-frequency amplifiers and rectifica¬ 
tion. Photographs are given showing the wave-forms obtained for all the 
vowels and for the sibilant sch, and the technical application of the results 
is discussed. A w 


2560. Helmholtz Theories of Struck String. Part II. Experimental. 

W. H. George. (Phil. Mag. 48. pp. 34-43, July, 1924.)—In a previous 
paper [Abstract 1527 (1924)] the Helmholtz theories of the struck string 
were considered and, in order to subject the second theory to quantitative 
experimental test, expressions were there deduced for quantities whose 
magnitude could be determined from a displacement-time curve of the 
struck point of the string. In the present paper the apparatus used for 
obtaining experimentally the required displacement-time curves photo¬ 
graphically is described together with reproductions of the results obtained. 
These results when summarised and compared with those which would 
follow from Helmholtz's second theory show large discrepancies between 
experiment and theory when a light hammer (hammer was 0-267 that of 
string) is used, but when the ratio of hammer mass to string mass is 1-7 
experiment and theory nearly agree. When the ratio much exceeds this 
value there arc discrepancies again. Where it is possible to make compari¬ 
sons between experiments and Kaufmann's theory the latter shows only 
small discrepancies. E. H. B. 

2561. Delemer and Lamb Theories of Struck String. W. H. George. 
(Phil. Mag. 48. pp. 4ft-55, July, 1924.)—In the study of the struck string 
the pressure-time laws of the impact is of considerable interest, since, 
if it be completely known, then the intensities of the fundamental tone 
and partials of the freely vibrating string, and consequently the resulting 
tone-quality, can be determined by the analytical method. Three forms 
of the pressure-time law have been assumed by Helmholtz, by Delemer, and 
by Lamb respectively. (See Abstract 1527 (1924) and preceding Abstract.] 
In the present paper theoretical expressions are derived on Dclemer’s and 
Lamb's theories for quantities whose magnitude can be determined from 
photographically-obtained displacement-time curves for the struck point 
of the string, and the theoretical results are then compared with those 
found by experiment. 

On Delemer’s theory the pressure of the hammer is assumed to be 
constant during the time of impact. On Lamb’s theory the force on the 
hammer is proportional Ir/(/ 2 + r 2 ), where I is the time integral of the 
force, r is duration of impact, and t the time reckoned from beginning of 
impact. 

The results of the experiments and their comparisons with the theories 
not only of Delemer and of Lamb, but those of Helmholtz and Kaufmann 
arc exhibited in tables and in graphs. It thus emerges that the Kaufmann 
theory is much the nearest to the experiments. The Helmholtz and the 
Delemer theories err by giving too large a displacement, and the Lamb 
theory by giving one which is too small. E- 
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ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 
ELECTRICITY. 

2562. Electromagnetic Field of an Electron in Movement. F. J. de 
Wisniewski. (Arch, des Sciences, 6. pp. 211-214, May-June. 1924.)— 
The author here corrects an error in calculation in the third part of a 
previous paper with the same title. (See Abstract 584 (1924).] 

G. W. de. T. 

2563. The Electromagnetic Equations as Basis of Einstein's Quadratic 

I orm. R. Hargreaves. (Cambridge Phil. Soc.. Proc. 22. pp. 138-162. 
May. 1924.)—The ground work of this paper, which is wholly mathematical! 
is a general transformation of Maxwell's equations, effected, not by direct 
treatment of the differential equations, but by use of the electromagnetic 
and magneto-electric integral forms introduced in an earlier paper [Cam¬ 
bridge Phil. Trans. 21. 1908]. These two forms originally contained 
respectively, the two triads X and H of Maxwell's equations, both of 
which were immediately expressible in terms of potentials ; but whereas 
one group of Maxwell's equations is then satisfied identically, in the other 
the singularities are attached to separate potentials only by the inter- 
position of an integral form of the third order. In the present paper, 
therefore, the two original integral forms are generalised, containing 
four triads, two of which represent Maxwell's X and B for free ether, while 
for a dielectric, specific constants connect the other two variables with 
the values of X and B. It is then found that, subject to one proviso, this 
secures the expression of the singularities by derivatives of the separate 
contravariant potentials, formed by variation. The proviso makes no 
less a demand than that the analytical conditions postulated by Einstein 
for the existence and determination of a gravitational form must be 
satisfied. The author's conclusion then is that *' If we extend the type 
of electromagnetic equations in coordination with a quadratic form, and 
apply the methods found for the reducible curve, I take it to be a primary 
office of those limitations that they satisfy a reasonable demand of electro¬ 
magnetic theory." That is to say. Maxwell’s equations are to be so altered 
as to fit into Einstein’s mathematical formula. G. W. de T. 

DISCHARGE AND OSCILLATIONS. 

2564. Ionising Tension of Positive Ions. J. Franck. (Zeits. f. Physik. 
25. 4-6. pp. 312-316, 1924.)—Calculations of the ionising tension of posi¬ 
tive ions, built upon the validity of the energy and impulse theorem, show 
that positive atom-ions can ionise atoms of the same gas by suitable col¬ 
lisions when their kinetic energy amounts to at least one and a half times 
the ionising work. Such a process is of extremely rare occurrence. By 
collisions of atom-ions with atoms of another kind of gas. in addition to the 
kinetic energy, the difference of the work of ionising the colliding and struck 
atom can be transformed into ionisation. It is pointed out that the 
described process of ionisation and charging applies only for collisions of 
slowly moving ions; with the rapidly moving canal-rays, and still more 

with a-rays, the simple collision law naturally fails. A F r 
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2565. Ionisation, Excitation , and Dissociation of Gases. A. L. Hughes. 
(Phil. Mag. 48. pp. 56-64, July, 1924.)—The purpose of this communication 
is to call attention to a number of researches recently published on effects 
involving ionisation, excitation, and dissociation in gases, to point out 
apparent difficulties in correlation, and to draw certain tentative con¬ 
clusions. The investigations referred to deal almost entirely with hydrogen. 
The ionising and radiating potentials of hydrogen have been studied by 
numerous physicists. The results of Franck, Knipping and Krtiger 
[sec Abstract 648 (1920)] stand out as being most directly accoflntfed for 
by theory. Similar results have been obtained by Olmstead and by 
Horton and Davies [see Abstract 313 (1924)], except that the corresponding 
voltages are about a volt lower. In all these investigations the interpreta¬ 
tion of any particular critical potential as a molecular effect, or as an atomic 
effect accompanied by dissociation, is not the result of direct experimental 
demonstration, but is inferred from the suggestions of theory, and the 
hints given by spectroscopic evidence. The application of positive-ray 
analysis by Smyth to ionising potential experiments introduced a direct 
experimental demonstration of the nature of the positive ions produced 
at different ionising potentials. A discussion of Smyth’s investigation of 
ion ( i.e . whether atomic or molecular) following ionisation by electron 
impact and of the author’s investigation on the dissociation of hydrogen 
by electron impacts, points to the conclusion that dissociation of hydrogen 
molecules by electron impacts is accompanied much more often by excita¬ 
tion of the atoms than by ionisation. That dissociation of hydrogen 
molecules is frequently accompanied by excitation of the atoms receives 
strong support from an investigation of the distribution of energy in the 
spectrum of hydrogen as a function of the energy of impact of the electron. 
Attention is drawn to the view that the fundamentally important variable 
in determining the character of a spectrum and. in particular, the dis¬ 
tribution of intensity in it, is the onergy of impact of the election on the 
molecule. \ A. E. G. 


2566. A New Photoelectric and Ionisation Effect. The Discharge tn a 
Neon Lamp. U. A. Oschwald and A. G. Tarrant. (Phys. Soc„ Proc. 
36. pp. 241-249 ; Disc., 249-252, June, 1924.)—For the discharge in » 
neon lamp to start a certain minimum voltage is necessary. This voltage 
i6 found to be affected very considerably by light or other ionising agen 
external to the lamp. Very similar effects are produced by all the source 
of light tried, they arc : (1) A 10-amp. carbon arc, with condenser, at a 
distance of 2 metres; (2) a 20 -watt tungsten vacuum lamp at 1 metre, 
(3) a 16-c.p. carbon lamp at 1 metre; (4) a match flame at 1 metre. 
All the above sources 6f light produced a drop in the starting ^voltage 
from 180 to about 162 to 164 volts. The light effect is investigated 
in some detail, and it is found that it is produced by illumination o* 
any intensity above a very low value (0-01 foot-candle producing 
an appreciable effect), that it is caused by rays of a broad wave¬ 
band in the visible spectrum, with a maximum effect in the 
and that the seat of the effect is located on the surface of both the me 
electrodes, irrespective of polarity. It is shown that tbe light effec 
ceases instantly in the dark when the light is shut off. A similar en < 
but one whose mechanism is believed to be different, is found to be 
by rays from uranium oxide and from an X-ray tube. In the latter cas 
it was extremely well marked, so that it is possible to detect by this mean 
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X-rays from a very feeble tube at a distance of 90 ft. Certain practical 
applications of this effect are suggested. In an addendum it is stated 
that more recently manufactured lamps show no trace of the effect at all 
Discussion : J. W. Ryde put forward the hypothesis that the effect of 
light seems to be connected with the presence of hydrogen in the gas and 
of certain films on the electrodes. Whether the effect is due directly to 
H 2 or to the surface films associated with it and water vapour, it is too 
early to say. The evidence at present, however, points to the latter 
conclusion. He also suggests that the manufacturers now know more 
about the effects of impurities, and greater care is taken to eliminate 
them, hence lamps of recent manufacture do not show the effect. [Sco 


next Abstracts.' 


A. E. G. 


2567. Certain Properties of the " Osglim ** A 'eon-filial Lamp. J. H. 
Shaxby and J. C. Evans. (Phys. Soc., Proc. 36. pp. 253-261 ; Disc. 
278-280. June, 1924.)—The "Osglim'* lamp, consisting of pure iron 
electrodes 2 or 3 mm. apart, in an atmosphere of neon (with small quan¬ 
tities of helium, hydrogen, mercury vapour and other gases) is essen¬ 
tially a low-vacuum gaseous discharge tube ; tho study of the lamp which 
forms tho greater part of this paper shows that the peculiarities of its 
voltage-current characteristic arc explicable by the known facts as to the 
electric discharge in gases at the pressure, about 10 mm. of IJg. to which 
theso lamps are exhausted. The characteristic curves of the lamps have 
been described for a range of about 150 to 200 volts by Pearson and Anson 
and by Macgregor-Morris. Dowty and Privctt ,scc Abstract 410 b (1923) f 
these curves have now been redetermined and the range extended down 
to the smallest currents which will maintain a discharge through the lamp 
.ho subject is here dealt with under the following lections : ( 1 ) Determina¬ 
tion of tho volt-ampere characteristic ; (2) sparking potential; (3) mini¬ 
mum potential ; (4) form of the characteristic; (5) the negative part of 
the characteristic ; (6) alternating current phenomena; ( 7 ) measurement 
1 -k frc <j«cnc,cs It is concluded as the result of the experiments that 
the charactenstKi (voltage and current) curve of the "Osglim** neon- 
filled lamp illustrates many of the properties of the discharge of electricity 
through rarefied gases. The identity of the sparking potential with that 
necessary to produce a min. current through tho gas. pointed out by 
Townsend. * clearly confirmed. Part of tho characteristic is negative 
and this results in the lamp discharge Incoming intermittent on a direct 
current supply over a certain range of external resistance, independently 

chara?te°ri,. e v ^ circui t. tendency to a negative 

ch^« Whatcvcr thc currcnt through the lamp, when any 

( 2r ^ h *° CirCU,t ' and thiS produCC,i instabUit y at thc moment 
rn ttl t j ! h A amp ' and m tho caso of a.c. supply causes an inter- 
volL^Ie' rlr^ Unng °* * hC CydC * W,,en ' 50 far as ‘he supplied 

Piven^f « ,ow mi « ht be expected. Illustrations 

Tmn , h tK f° £ P as an indicat «r in a commutator method 

Abstra“T ,nR frCquenCy of a, temating currents. [See preceding 

A. E. G. 

** 68 ' S ™ le Metrical Properties of the Neon Lamp. U. A. Oschwald 
and A. G. Tarrant. (Phys. Soc., Proc. 36. pp. 262-268 ; Disc 278-280 
detem- 924 *-^~Tlw points dealt with in this paper are : (1) The experimental 
v^rx^ila -X £ ° rm ° f ^ "° ScU,ationS " a "eon lamp. 
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iiy means of a special accurately timed switch, a neon lamp is thrown into 
the “ oscillating ” state, and its voltage measured after any predetermined 
interval, from 0 005 to 0-5 secs. From results the voltage time curve 
is plotted and is found to be in very close agreement with theory. 
(2) The maximum frequency obtainable with an “ oscillating ” neon 
lamp. The lamp is made to oscillate at its highest possible frequency, 
which is measured by a tuned circuit. Measured frequencies do not agree 
well in this case with theory, but a maximum frequency of about 95,000 
is observed. (3) The maximum interval of interruption for a "steady” 
neon lamp. A lamp is run at such a voltage that if the discharge is inter¬ 
rupted for any considerable time it will not restart, the voltage being 
below the minimum starting voltage for the lamp. The circuit is inter¬ 
rupted by a special high-speed interrupter for separate single intervals 
down to 5 X 10 _5 secs. In no case did the discharge restart, showing an 
ionisation persistence of less than this interval. [See preceding Abstracts.] 

A. E. G. 

2569. A Critical Resistance for Flashing of the Low-Voltage Neon Dis¬ 

charge Tube. J. Taylor and W. Clarkson. (Phys. Soc., Proc. 30. 
pp. 269-278; Disc., 278-280, June. 1924.)—This paper deals with the 
resistance conditions necessary for the maintenance of the well-known 
phenomenon of " flashing ” of the neon discharge tube. If a high-resistance 
is connected in series with a neon lamp, having a capacity shunted across 
its electrodes, the continuity of the current through the lamp is interrupted, 
and it " flashes *’ at regular intervals of time. The time between the flashes 
is equal to the time required for the condenser to charge up added to the 
time necessary for it to discharge through the lamp. It is shown theoretic¬ 
ally that there is a critical value R,. for the resistance in series with the 
neon tube, below which no flashes can be obtained. This critical value of 
the resistance is expressed by the relation Rc = (E — V B )/A(V B .— v a). 
where E is the charging voltage, V B the lower critical voltage, V A the 
kathode fall of potential (approximately), and A the conductance of 
the discharge tube. Full details are given of experimental methods, and the 
results obtained from them using the " Osglim " lamp are found to confirm 
the above relation exactly. (See preceding Abstracts.) A. E. G. 

2570. The Ionisation of Ctrsium Vapour and the Mobility of Electrons 
in the Bunsen Flame. B. T. Barnes. (Phys. Rev. 23. pp. 178-188, 
Feb., 1924.)—A flame with a cross-section of 2 by 4 cm. was formed 
above rows of quartz tubes fed with air and gas into which dilute Cs 
salt solution was automatically sprayed. The conductivity casa function 
of the concentration K of the solution was determined from the potential 
gradient, measured by means of Pt test wires and from the current to 
the central disc of a guarded anode. The concentration of vapour m 
in the flame as a function of K was computed from the velocity of the 
flame measured stroboscopically and from the amount of solution 
sprayed. The black body temperature was measured by introducing 
NaCl vapour and matching the emission against that of a tungsten fila¬ 
ment for the same wave-length, assuming the emission to be merely a 
temperature effedt. These results permitted of the calculation of Saha s 
equilibrium constant K (the constant for the equilibrium between ndutral 
atoms, positively charged atoms and electrons), and the comparison at 
this with the value given by Saha’s equation, for it is shown tba 

vol. xxvii.— a.—1924. 


ov 


ELECTRICITY AND MAGNETISM. 


Oil 


»if/(c 2 — 1) = A 4- He, where A and 15 are constants, and that 
K = (B 2 /A)RT where R is the gas constant. The value of K was inserted 
in Saha’s equation, and it was solved for T. The two best values agree 
within 25° with the observed temperatures—a result which tends to 
confirm Saha’s theory. The mobility of electrons in the flame was also 
computed from the measurements made, the equation being k t = cj B.W, 
where c 0 is conductivity of the unsalted flame and N is the Avogadro 
constant. The results range from 75 to 207 m./sec. for 1 volt/cm., but 
the last two values, 75 and 82, were obtained under more constant 
conditions and are considered more trustworthy. J. J. S. 

2571. Analysis of Resonance Curves Observed in Potassium Vapour. 
R. C. Williamson. (Phys. Rev. 24. pp. 134-142. Aug., 1924.)—A previous 
discovery of thermionic emission from copper at temperatures above 
150° C. in the presence of potassium vapour, made it possible to secure 
resonance curves under simplified conditions, with plane parallel electrodes 
and an equipotential source of electrons with low thermal energies. The 
curves obtained show up to nine peaks, proving the presence of electrons 
that had made at least eight resonance collisions. Resonance potential for 
potassium, obtained from the positions of the maxima and minima of the 
curves, comes out 1-63 volts, within 2 per cent, of the value 1-608 from 
spectral series. An attempt is made to account for the shape of the curves, 
assuming the chance of resonance collision independent of the velocity 
and taking account of the transverse components of velocity resulting front 
non-resonance collisions, by means of an arbitrary function. This theoreti¬ 
cal analysisof thecurvesgivcsvalucsof the ratio of the chance of a resonance 
collision to the kinetic theory chance of collision (calculated front data for 
argon) of about ten, which indicates that the assumed kinetic theory 
mean free path is too large and also that the probability of resonance 
occurring upon collision is high. Author. 

2572. Photography of the Electric Discharge with the Positive Column 
in Motion. G. Valle. (N. Cimcnto, 1. pp. 99-106, Jan.-April, 1924.) 
—The author has previously published some results of an experimental 
research undertaken to determine the relation existing among the 
sparks constituting the luminous mass in motion studied by Righi and 
the form of the discharge with stratified positive column which is observed 
at very low pressures. The present paper is to put on record the results 
of that researth, with some photographs of the phenomena observed. A 
detailed description of the apparatus used is given, and a diagram of it 
is also shown. After tabulating the results which it is concluded can 
be drawn from the observations made, a number of photographs are 
described which show appearances obtained with discharges in tubes at 
pressures varying from 6 mm. to normal atmospheric pressure. A. E. G. 

2573. The Phenomenon of Emission of Anode Rays. M. Morand. 
(J. de Physique et le Radium. 5. pp. 105-112, April, 1924.)—In 1906 
Gchrcke and Reichenheim observed in the vacuum of a discharge tube 
a bundle of rays of a new kind emitted under certain conditions by an 
anode composed of metallic salts. Many physicists have remarked on 
the irregularity of the behaviour of the phenomenon, and the present 
experiments are an attempt to obtain a more pure phenomenon and at 
the same time a more regular and more durable emission. Without 
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actually solving the problem, the experiments described, however, establish 
a new techmque much more certain than those which have preceded it. 
The circumstances of certain emissions are, besides, determined in a 
sufficiently clear manner to be able to establish with some solidity the 
genera! theory of the phenomenon. The experimental arrangement 
is described in detail with the aid of diagrams. An attempt is made to 
determine the best relative positions to give anode and kathode, as well 
as them form, and to find the best degree of heating of the anode. The 
chief salts employed are those of lithium, the chloride, bromide and 
iodide In an addendum it is stated that experiments have since been 
carried out with improved apparatus, and that these confirm those pre¬ 
viously obtained and here described. It is also found in these later 
experiments that a vacuum of the order 10 “ 4 mm. is necessary in the 
tube. l or a certain temperature of the salt placed upon the point of the 
anode the emission only commences when the field attains a certain 
value. When the tension is increased between the anode and kathode, 
the phenomenon occurs suddenly for a certain min. p.d. and afterwards 
rapidly increases. A further account of these experiments will shortly 
be published. A . E. G. 


2574. The Luminosity of Vacuum Tubes in the Neighbourhood of a 

Sparking Coil. D. B. Dcodhar. (Zeits. f. Physik, 25. 4-6. pp. 338-341, 
1924.) A study of the behaviour of vacuum tubes, with and without 
electrodes, in different positions with respect to an induction coil in action. 
I he luminous effects are due to variations in the electromagnetic potential 
in the space round the coil. The intensity of the effect increases as the 
pressure diminishes from 40 mm. to 0-01 mm., and decreases to zero as 
the pressure is further lowered. Apparently the molecules of the gas arc 
ionised under the influence of the field. The action of a bar magnet on 
these discharges indicates that they are due to moving molecules electrically 
charged. H. N. A. 

2575. Sound Measurements in Arc Lights with High-FrequencyCurrcnts. 
A. Hagenbach and M. Wehrli. (Zeits. f. Physik. 26. 1. pp. 23-39, 1924.) 
—The authors have recently published [see Abstract 957 (1924)] a method 
of determining the high-frequency, alternating-current resistance in an arc 
light. By this means it was possible to calculate its counter e.m.f. It was 
then found that this counter e.m.f. is situated in or near the electrodes. In 
the present paper the distribution of resistance in the arc is investigated, 
and at the same time the counter e.m.f. at the anode and at the kathode 
is determined. The results obtained by Duddell are confirmed. 

A diagram of the experimental arrangements is given, as are also the 
tabulated results obtained with different kinds of carbon electrodes. The 
result obtained in the previous experiments, that the counter e.m.f. in 
the gas column vanishes, is confirmed. A connection is found to exist 
between the resistance in the gas column and the spectral light emission. 
The counter e.m.f. at the anode mounts with increasing crater temperature ,* 
at the same time the anode fall increases. ' A. E. G. 

2576. The Natural Electric and Magnetic Oscillation of Dielectric and 
Conducting Spheres. A. Schaefer and K. Wilmsen. (Zeits. f. Physik, 
24. 6-6. pp. 346-364, 1924.)—Using the method of Barkhausen and Kurz 
short undamped electromagnetic waves are produced and the diffraction 
by dielectric and conducting spheres is investigated. Apart from insignifi- 
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cant discrepancies due to departure of the apparatus from ideal conditions 
the positions found for the natural oscillations arc in agreement with 
theor y- <;. A. S. 

2577. Electromagnetic Waves in Moving Continuous Media, L. Roy. 
(Comptes Rendus. 179. pp. 103-105, July 16, 1924.)—The analysis intro¬ 
duced in a previous paper [see Abstract 2306 (1924)) is extended and a 
general formula is obtained which accounts easily for astronomic aberration 
but not for the Fizeau effect. \ 3 q l. 


2578. Oscillating Circuits with Iron-Cored Inductances. L. Casper, 
K. Hubmann and J. Zenneck. (Zeits. f. Hochfrequcnztechnik, 23. 4 - 5 . 
pp. 63-77, 1924,)—In a previous theoretical research by Schunck and 
Zenneck [see Abstract 954 (1922)) on the forced oscillations in a circuit 
containing ohmic resistance, capacity, iron-free inductance, and also a 
coil with a ring core, certain results are obtained ; the present paper 
gives the results of an experimental investigation of the same question. 
An a.c. generator of 5-kw. output at a frequency of about 500 is con¬ 
nected in series with a condenser, an iron-free inductance, ring magnet, 
rheostat, and hot-wire ammeter; a hot-wire voltmeter gives the voltage 
across the terminals. Current-voltage characteristic curves are taken (a) 
with purely a.c. magnetisation of the ring, and ( 6 ) with added d.c. mag¬ 
netisation. A peculiarity of the measurements consisted in a sudden 
increase of current as the voltage increased through a certain critical 
value, and a similar sudden decrease with diminishing voltage, giving 
a graph which encloses an area. The sudden change is called the " Kipp ” 
offcct, and in testing the effect caused by change of resistance, it was 
found that the Kipp effect diminished as the resistance increased, ultimately 
disappearing at a certain critical resistance. Resonance curves, i.e. 
current-frequency curves are given which agree in form with those of 
Martiensscn (1910) and Barkhausen and Lichtc (1920). With increasing 
frequency, the current rises steadily to a maximum, then drops first 
suddenly then slowly as the frequency is increased. When the voltage 
is given a higher value, the current maximum is greater and takes place 
at a higher frequency than before; the Kipp effect is also present. The 
resonance curves thus differ from those for iron-free circuits in the respects 
that they are unsymmctrical and the resonance frequency increases with 
the voltage. When d.c. magnetisation is added to the a.c. magnetisation 
of the ring, changes take place in the form of the characteristic curves. 
With a certain magnetising current (d.c.) the volt-current (a.c.) graph 
has two resonance points and no Kipp effect; with weaker d.c.. the Kipp 
effect is present near the higher resonance point, and with stronger d.c. 
it appears near the lower point of resonance. When alternating current 
is plotted against direct current, three types of graph arc distinguished 
according as they contain no Kipp effect or one or two. With the given 
arrangement and a terminal voltage of 60. a variation of the direct 
current of 5-8 amps, by 0-4 amp. caused a change in the effective alter- 
I \ at i” g i CUr f e,,t of 7-3 am P s - The effect of resistance change is again 
studied; also resonance curves are given and finally the current wave¬ 
form is determined by means of a Braun tube. With purely a.c. 
magnetisation, the current wave is composed chiefly of a fundamental 

th,rd harmonic; as the result of added d.c. magnetisation, the 
second harmonic appears. A 
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2579. Surges in Back-Coupled Circuits. III. K. Heegner. (Zeits. 

f. Physik, 24. 5-6. pp. 366-592, 1924.)—Continuing previous work (Abstract 
1 154 b (1923)], the author proceeds to develop a theory of coupled circuits, 
making use of rational functions of complex argument, and then applies 
the theory to the case of three circuits with primary back-coupling. It is 
shown that three frequencies are possible, and a discussion is given of the 
case of principal interest in which the two outer frequencies have the same 
amplitude, and the frequency difference between them and the central 
frequency is the same. A. W. 

ELECTRICAL PROPERTIES AND INSTRUMENTS 

2580. Photoelectric Effect. F. Kirchner. (Phys. Zeits. 25. pp. 303- 

306, June 15. 1924.)—The limiting wave-length, the maximum energy 
of the expelled electrons, and the position of the maximum photoelectric 
effect can all be numerically deduced from the spectroscopically-known 
terms for the energy of the atom, provided we admit that at the outer 
surface of the metal there are atoms electrically free (atoms of metal- 
vapour). A. D. 

2581. Effect of the Superficial Layer on the Electrical Conductivity oj 

Solid Salts. P. Vaillant. (J. de Physique et le Radium, 5. pp. 84-91, 
March, 1924.)—The study of the effects of temperature variation on the 
electrical conductivity of a number of solid salts, as recorded in a previous 
paper (see Abstract 1700 (1922), is extended over a wider range and under 
more precisely determined experimental conditions. It is found that the 
conductivity of the salts studied is in large measure superficial and due 
to the formation, according to the hygrometric state of the surrounding 
air, of an ionised peripheral layer. A. B. C. L. 


2582. Electrical Conductivity and the Bohr Atomic Theory. O.Feussner. 
(Zeits. f. Physik. 25. 3. pp. 215-219, 1924.)—The author has constructed 
a table, completing that of Bohr, giving the most probable types of elec¬ 
tronic orbits for a number of additional elements. The following cases are 



A 

K 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 


In the alkali metals, of which potassium in the above table is a typ iCa 
:ample, the previous element in the table is a rare gas. It will be seen that 
e orbit groups 3( and 3 2 are temporarily filled up, and the last electron 
cupies a new orbit. A curve showing the variation of atomic electrica 
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conductivity of the elements with atomic numbers has maxima for the 
alkali metals. The table shows that the orbit arrangement of Ni is quite 
similar to that of an inert gas. and that the succeeding element, copper, 
has the same arrangement, with the addition of one electron in an outer 
orbit ; copper also show's a maximum of conductivity, and the same is 
true of silver and gold, which bear the same relation to Pd and Pt that 
Cu bears to Ni. On the other hand, the relations of the orbits of V to Ti 
and of Mn to Cr are of a different nature, though both Mn and V have a 
single electron in the outermost orbit; there is no maximum of conductivity 
for either of these elements, and it is suggested that these two facts are 
interconnected. It is true that, as far as the orbits are concerned, the 
case of Co as compared with Fe seems to be similar to that of Cu. as com¬ 
pared with Ni. though Co docs not show a conductivity maximum. Cr. 
Mo, and W are high conductivity metals, though the probable number of 
electrons in their outermost orbits is in each case two. It is possible, 
however, that this is not actually the case; spectroscopic observations 
might perhaps show that, in the case of chromium at least, the number 
is really one. as in the case of the other good conductors. H. N. A. 

2583. The Principles of a Theory of Super-Conductivity. E. Kretsch- 
mann. (Ann. d. Physik. 74. 5. pp. 405-444. June. 1924.)-In a previous 
paper [see Abstract 2332 (1924)) the author has derived a general ex¬ 
pression for the electrical conductivity of a homogeneous isotropic metal, 
on the assumption of the random motion of the conducting electrons. 
The expression involves the mean free path in the direction of the current 
of independent groups of electrons which arc so large that, on the whole, 
their motion is uninfluenced by the motion of other conducting electrons. 
The theory is now developed mathematically to explain the existence of 
the super-conducting state discovered by Onnes. It is shown that the 
necessary and sufficient condition for the possibility of the existence of this 
state is that the second differential coefficient with regard to time of the 
velocity components of an independent electronic group in the direction 
of the current should, on the average, vanish. Interpreted in terms of 
the classical theory, this signifies that the electrons must not infiltrate 
into the region of positive charges. Its significance in terms of the quantum 
theory is that the electrons must not enter upon the closed quantum orbits 
of the molecular structures. Reference is made to the variation in the 
temperature of incidence of the super-conducting state to be anticipated 
owing to the action of a magnetic field and variation of current density, 
and to etfects attributable to the boundaries of the conductor. J. S. G. T. 

d Prese ” 1 Kn°wledge of Dielectric Constants of Electrolytic Solutions. 

Jr. Walden and H. Ulich. (Zeits. phys. Chcm. 110. pp. 43-50. 1924.)— 
c question how the dielectric constants of a medium changes under the 
influence of a dissolved electrolytic substance is inadequately answered 
by experiments performed hitherto. Not only have such experiments been 
restricted to a narrow range of liquids with no great variation of type, but 
even with this restriction the results leave us with no clear view of the 
matter, since in the course of twenty-five years every possibility has had some 
experimental support. In the case of older experiments two main sources 
of error are the inconstancy of wave-length and the strong damping in the 
exciting circuit, errors which could be eliminated by modern apparatus. 

In estimating the most probable result of work on aqueous solutions the 
authors would give special weight to the values obtained bv Drude lUine 
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the method of measurement of wave-length, and assume that the dielectric 
constants of dilute aqueous solutions of strong electrolytes are somewhat 
lower than that of the solvent. Whether this diminution takes place in 
the mass of the liquid as the Debye theory supposes is not yet clear, but 
the idea of a large increase in dielectric constant explained by a departure 
from the law of mass-action should in any case be rejected. On the other 
hand, the authors consider it certain that the dielectric constants of 
solutions of salts in poorly dissociating media is higher than that of the 
pure solvent, which admits of explanation on the Debye theory by the 
formation or existence of complex ions. G. A. S. 

2585. Electrical Conductivity of Molybdenite. J. Okubo. (Tohoku 
Univ.. Sci. Reports. 12. pp. 299-303. Jan., 1924. In English.)—The 
resistance of molybdenite decreases with increase of applied potential, 
and shows two abrupt changes. These occur at well-defined potential 
gradients, and the values of these for different temperatures are studied. 
Plotting length of strip against breaking potential for a series of tempera 
tures gives a series of straight lines. The breaking potential falls with 
increasing temperatures. There is no change in the crystal structure as 
revealed by X-ray analysis above and below the breaking potential. 
The conclusion is drawn that the breaks arc due to the liberation of 
electrons and not to intermolecular changes. A. *\n. 


2586. The Electrical Conductivity of Molten Caustic Soda. K. Arndt 
and G. Ploetz. (Zcits. phys. Chem. 110. pp. 237-2+2. 1924.)—The con¬ 
ductivity of molten caustic soda is measured in an apparatus similar to 
that described [Abstract 1563 (1924)]. using a silver crucible. The caustic 
soda contains sodium carbonate and chloride as impurities. In order to 
eliminate the effect of these, measurements were made at various tempera¬ 
tures with varying known proportions of sodium carbonate and sodium 
chloride, the value for pure sodium hydrate being determined by extra¬ 
polation. The density of the mixtures being also measured, the equivalent 
conductivity may be calculated. * 


2587. Dielectric Constants of Solutions of Electrolytes. O. BlUh. 
(Zeits. f. Physik, 25. 3. pp. 220-229. 1924.)—The author attempts a 
quantitative examination of a theory to explain the fact that the dielectric 
constants of solutions of electrolytes arc smaller than that of pure water, 
making certain simplifying assumptions. It is supposed that in the imme¬ 
diate neighbourhood of each positive or negative ion. in a region identical 
with the hydration layer, the molecular dipoles of water are polarised by 
the electric field of the ion, and that the result is that throughout this 
region the dielectric constant of the water is unity, while in the rest of the 
water it has the value 8118 , belonging to pure water, in which the dipoles 
arc not polarised. Born has calculated the " apparent ” radii of the ions 
of the alkali metals and of chlorine from experiments on the mobility ot 
the ions; they vary from 2 26 X 10” 8 for lithium to 1 11 X 10 for 
caisium. The author assumes values varying from 0-45 X 10 for t ie 
true radius of the lithium ion to 0 - 83 x 10 8 for that of cesium, and calcu¬ 
lates the combined dielectric constant for different concentrations of the 
chlorides of some of the alkali metals, assuming that that of the water 
contained in the space between the true radius sphere and that of the 
apparent radius is unity. The calculated change in dielectric constant 
for increased concentration is less than that determined experimentally 
vol. xxvii. — a. —1924.. 
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by Sommer ; but the relation between dielectric constant and con¬ 
ductivity is linear in both cases (roughly in the case of the experiments), 
and in both cases the dielectric constant of NaCl falls off more rapidly 
with increased conductivity than that of KC1. which was the only other 
salt studied by Sommer. It is also shown that the connection between 
hydration and dielectric constant can be made use of in the case of col¬ 
loidal solutions, and may decide the question of the unimolecular adsorp¬ 
tion layer. H. N. A. 

2588. The Quantum Theory and the Dielectric Constant. J. H. Jones. 
(Roy. Soc., Proc. 105. pp. 650-661, June 2, 1924.)—Epstein’s calculation 
of the change of energy of a hydrogen atom, when submitted to an electric 
field, gives rise to a term in the Stark effect which under certain prescribed 
circumstances,when integrated over unit volume of the gas, becomes identi¬ 
cal with F 2 (K — l)/8rr, where F is the field and K is the dielectric constant 
of the medium. A value of (K — 1) is calculated, from which it is seen 
that the atom of hydrogen behaves in a uniform electric field like a per¬ 
fectly conducting sphere of radius equal to that of the first Rohr circle. 
The value of K — 1, according to classical theory, is found to be 5/3 that 
obtained for the quantum theory. A. 13. C. L. 

2689. Thermic Variation of Dielectric Constants of Ouartz. S. 
Gagnebin. (Arch, des Sciences, 6. pp. 161-210, May-June, 1924.)— 
An experimental research with the view of throwing light upon the sug¬ 
gestion (Perrier) that if pyroelectricity and piezoelectricity depend upon 
a spontaneous dielectric polarisation (analogous to ferromagnetism), 
there ought to be a dielectric Curie-point at which these phenomena 
disappear. Results as yet inconclusive. A. D. 

2590. Lamps with Several Electrodes in Electrometry. P. Lejay. 

(Comptes Rendus, 178. pp. 2171-2173. June 23. 1924.)—Development 
of the method previously described (Abstract 1921 (1924)). The aim has 
been to ascertain whether it was possible to make the radium capsules, 
ordinarily used as collectors, to act directly upon the electrodes of the 
lamp without modifying the potential of these capsules. It was found 
possible, with considerable accuracy. A. D. 

2591. On the Thermoelectric Properties of Bismuth Alloys, with Special 
Reference to the Effect of Fusion. With a Note on Thermoelectric lie- 
inversion. C. R. Darling and R. H. Rinaldi. (Phys. Soc., Proc. 30. 
pp. 281-287 ; Disc., 287, June, 1924.)—In this paper the authors describe 
investigations of the thermoelectric force of couples consisting of Cu and 
Bi alloyed with varying amounts of (1) Pb. (2) Sn, the determinations 
in all cases extending beyond the temperature of fusion of the alloy. It 
is known that Bi and Sb. both of which expand on solidification, show an 
abrupt change in the thermoelectric power at the point of fusion, and the 
object of the present investigation was to see whether this change was 
dependent on the alteration in volume on solidification. 1 he Bi-Pb 
alloys show only one arrest point on cooling from the molten state, and 
there is an abrupt change in the thermoelectric power when solidification 
of the mixture is accompanied by an increase in volume, but not other¬ 
wise. The Bi-Sn alloys show two arrest points in cooling, the lower one 
corresponding to the eutectic. In all cases there is a small change in the 
thermoelectric power at the eutectic point, this mixture showing a small 
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increase in volume on solidification. At the other arrest point there is 
only an abrupt change in the thermoelectric power when the Bi is in excess. 

A case of thermoelectric re-inversion is also recorded. This occurs when 
Fe is coupled with an alloy of Bi and Sn (Bi 60 %). If the cold junction 
is maintained at 0° the e.m.f. is zero when the other junction is at 0°, 200° 
and 350° C. 

In the Discussion the chief points raised were the possible influence of 
the Benedicks’ thermoelectrical effect in the molten metal along which 
there is a temperature gradient and the necessity of repeating the experi¬ 
ments in an inert atmcsphere. L. L. 

2592. Thermoelectric and Actinoelectric Properties of Molybdenite. 
W. W. Coblentz. (Bureau of Standards. Sci. Papers. No. 486. pp. 375- 
418.1924.)—When molybdenite is heated by thermal conduction or exposed 
to thermal radiation it exhibits hitherto undescribed thermoelectric, 
actinoelectric and photoelectric properties. The paper gives precise defini¬ 
tions of these terms. The investigations were divided into three portions 
under the above headings, and were conducted with molybdenite in the 
form of thin cleavage pieces, to which were attached fine copper wires to 
form the thermojunctions. The method used was similar to that pre¬ 
viously recorded [Abstract 337 (1919)]. and the sample under examination 
was mounted upon a sliding carriage behind a slit 0-1 mm. wide and 1 cm. 
long. Thus, by using another slit travelling at right angles to this, any 
precise spot could be investigated. Light was derived from a tungsten 
filament lamp. The effects were investigated by the use of both Thomson 
and D’Arsonval galvanometers. ., 

Thermoelectrical Properties.— The first part of the paper shows that, 
owing to lack of homogeneity, standard thermoelectric data cannot 
specified for molybdenite. Samples from various localities, as givjn_» 
the data, show a range of thermoelectric power against copper from + 
microvolts, through zero thermal e.m.f., to — 1040 microvolts. 

Actinoclectrical Properties .—A new actinoelectrical phenomenon 

described, consisting of an e.m.f. exhibited in spots or loci of some sample 

of molybdenite when exposed to thermal radiation of short wave-leng • 
Spots separated by only 0• 5 to 1 • 5 mm. will exhibit actinoelectric c > i.. 
of different polarity. The wave-length of the thermal radiation 
determines whether the spectral actinoelectric effect will be photoposi . 
or photonegative. Radiation stimuli of wave-lengths between 0-65 an 
0 -9 m give maximum actinoelectrical e.m.f.’s, and wave-lcng s g» 
than 1 • 0/z give no effect. The maximum actinoelectric response is appw 
ently instantaneous for all wave-lengths. 

Photoelectrical Properties.— Photoelectrical effect is exhibited by 
production of a change in resistance when the moiybdemte 
subjected to an impressed potential and exposed to light. . The,cn ® f 
in resistance is photopositive or negative according to the wave '* cn f", i 
the stimulating source. The photoelectric reaction is produced by rau 
tion over a range of wave-lengths from 0-3/x to 2 0 p. The inaxl J n th 
photoelectric response is attained in a time which is a function. W 
wave-length of the exciting radiation, and is of the order of from on 
several minutes. Double this tune is required for recovery after ex P oSU 
Molybdenite of low resistance, low photoelectric sensitivity and nig 
actinoelectrical sensitivity exhibits spectro-photoelectrical reaction w 
is apparently instantaneous for all wave-lengths. The effect of temper 
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ture, variation of intensity of exciting radiation, etc., arc investigated 
and data given. In general, these factors have no marked effect upon the 
spectral actinoelectrical reaction or they are the reverse of the effect 
upon the spectro-photoelectric reaction. A difference of from 1 • 5 to 2-5 
times between the maximum and minimum photoelectric effect is pro¬ 
duced when there is a close coincidence of the spots exhibiting photo¬ 
electrical and actinoelectrical sensitivity, the photoelectric current 
being amplified or weakened according to the direction of the impressed 
potential through the crystals. From the data supplied it may be con¬ 
cluded that the actinoelectric phenomenon is independent of other agencies 
that may be acting in molybdenite. S. G. B 

2593. Dependence of the Thermoelectric Force of Iron upon its Structure. 

G. Borelius. (Ann. d. Physik, 74. 8. pp. 757-760, Aug., 1924.)—This 
paper consists of remarks upon the recent [see Abstract 1910 (1924)] 
examination and criticism by NV. Heraeus of the earlier work of Gunncson 
and the author. It is contended that Heraeus, by an unfortunate choice 
of his research material, was led to false conclusions. A. E. G. 

2594. The Measurement of Very Small Changes of Capacity. R. Gunn. 
(Phil. Mag. 48. pp. 224-226. July. 1924.)—While the use of the ultra- 
micrometer according to the methods of Whiddington and of Dowling 
[see Abstract 2047 (1923)] has proved of great value in the measurement 
of certain physical quantities, there is still much to be desired from the 
point of view of convenience, stability, and sensitivity. The object of 
the present paper is to describe two methods which arc direct reading and 
easy to use. In the first method a valve oscillator capable of supplying 
about 4 watts at 1-5 x 10® cycles per sec. is loosely coupled to an 
oscillatory circuit in which the capacity to be measured is situated. 1 his 
circuit is caused to react on the grid-filament terminals of a second valve. 
The oscillator is adjusted until resonance is indicated in the test circuit 
by a flow of current in the anode circuit of the second valve, a micro¬ 
ammeter being inserted therein. An auxiliary cell and resistance arc used 
to reduce the current in the microammeter to zero when there is no im¬ 
pressed alternating voltage in the oscillatory circuit. Changes of capacity 
of the order of 10“ 15 farad can easily be detected, this corresponding 
to a change of 1 microamp. in the anode current. 

The second method uses a four-condenser bridge, each ann being 
about 126 /xpF. The bridge is supplied in resonance with an oscillator 
working at about 1*6 X 10° cycles per sec. The detector points of the 
bridge are connected to the grid-filament terminals of a valve, in the anode 
circuit of which is a microammeter with compensating cell and resistance, 
as before. The bridge must be thoroughly screened from the surroundings 
and from the valves, and it is then possible to attain a sensitivity of 
1 microamp. for achange of capacity of the order of 10“ 18 farad in one 
the bridge arms. "* ” 

ALTERNATING CURRENTS AND MAGNETISM. 

2595. Method of Producing Strong Magnetic Fields. P. L. Kapitza. 
(Roy. Soc., Proc. 105. pp. 691-710. June 2. 1924.)—The author obtains 
atrpng fields by using intense currents for times of the order of 1/100 sec. 
The source of current is an accumulator made up of 71 plates insulated 
by rubber buttons and fitted with U-shaped rubber strip, which served 
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to hold the 30 % acid when the plates were clamped together. The plate 
on one side of a gap was charged positively and on the other negatively, 
and the whole formed a row of cells in series, with resistance about 0 • 02 ohm, 
and capable of giving a current of about 7000 amps. When several such 
batteries were used a power of about 1000 kw. was obtained for a small 
fraction of a second. Timed switches are described by means of which 
the large currents employed were made and interrupted. The currents 
were measured by a special high-frequency oscillograph (20,000 to 30,000 
per sec.) of the Duddell type, and the construction of coils and measure¬ 
ment of their constants are discussed. It is considered that it would bo 
possible to produce a field of the order of 2 or 3 million gauss in a coil of 


1 mm. inside diameter. 


G. E. A. 


2596. Magnetic and Electrical Properties of the Ternary Alloys, Fe-Si-C. 
T. D. Yensen. (Am. I.E.E., J. 43. pp. 658-567. June. 1924.)—This is a 
general review of the magnetic influence of the ordinary impurities in 1-e 
and Fe-Si alloys. Carbon has- by far the most detrimental effect on the 
magnetic properties (in so far as hysteresis losses are concerned), because 
even iu very slowly cooled material the carbon all exists in solid solution 
up to about 0-008 %. Carbon above this percentage is precipitated as 
ccmcntite (Fe 3 C) or graphite (free carbon). One principal effect of the 
presence of silicon is that it leads to the precipitation of graphite, and 
in this form carbon affects the magnetic properties very little. When in tne 
form of free cementitc or cemcntitcin the laminated form (pearlite) there is 
an additional increase in hysteresis losses over and above those due to 
the trace of carbon in solution. Formulae arc given which enab e tne 
hysteresis loss due to carbon (in any of its forms) to be calculated. 
the other impurities sulphur is the most detrimental, manganese in amau 
amounts is harmless, whilst phosphorus is sometimes beneficial. 

The magnetic properties also depend to a large extent on the gr 
size and iu particular upon the intercrystalline amorphous*wment. 
presence of silicon increases the grain size and lowers the amoun 
amorphous material. As it is concluded that the 
increases the hysteresis losses in the same way as precip.tated mpunh . 
the advantage of silicon is evident. Regarding the tremendous^effect 
carbon in solution, it is suggested that this ts due 

into the more or less stable equilibrium arrangement of the ferro-magne^ 
structure, whiefc is in consequence deformed. 

2597. Elements of Magnetic Analysis. E. H. Crapper. 

117. pp. 452-454. April 11 ; 601-602, May 9 ; 66^662, May 23 , 786 - 788 , 
June 20. and pp. 816-817, June 27.1924 i.)-A useful review ote 
state of knowledge of commercial steels, dealing largely with Tw 
equations and their applications. Lamontr m 1880 introduced ^ 
of magnetisability in the form y. = A(B, - B). where k is a 
B, is the saturation value of B. If a = 1 /AB, and b — 1/B*. 
equation may be derived, viz. 1/y = * + bH. Kennedy 
induction into two parts, that in the iron and that through the 
molecular spaces, or B = B, + B. = *H + H Hence the^f^ 
reluctivity p. = 1/^ = l/(^ - 1). By el.mmatmg b. the equa 
(H + aBj) (B, — B) = aB; is obtained, winch is that of a recta d 
hyperbola ; a similar equation is obtained for. I and H. Steimnetz 
a the coefficient of magnetic hardness. The form of Fjohlich s eq ., 
vol. xxvii. —a. — 1924. —./ .i;vax ’-or 
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H — aB/(l — 6B), is the basis of working relationships associated with the 
design of transformers and other electrical appliances. Watson has 
employed Frohlich’s equation in the form (H + H t )/B = « + £(H + H f ), 
and a sample of magnetic material may have its properties expressed by 
means of three linear equations corresponding to the three portions of the 
hysteresis cycle. The importance of the demagnetisation curve in reference 
to permanent magnets is pointed out. and Evershed /fy curves are given 
for carbon, chrome, tungsten, permanitc. cobalt and KS steels. It is 
further shown that when the constants a and b of Frohlich’s equation 
correspond to the saturation value of magnetisation, the magnetising 
field, which gives -J I,, is «/6. Examples are given of the use of Frdhlich’s 
equation. 1/A = a + £(H ± H f ), in testing tungsten steels; and since 
1* = 1/p, the effect of varying the amount of the essential element forming 
an alloy is readily ascertained from the linear equations. This point is 
illustrated by means of Honda’s measurements on iron-cobalt alloys. 
Steinmetz's equation and the equations for iron losses are next treated, 
and a method of testing the value of the hysteresis index is described which 
depends on a measurement of the energy losses in the specimen at two 
different voltages and frequencies. According to the author s view, the 
rate of change of magnetic intensity with magnetising force depends on the 
elastic properties of the material, and a method is given for determining 
the magnetic clastic limit of a magneto magnet, which is measured by the 
range of demagnetising force which can be applied without removing 
any of the remanent magnetism. A table of values of the hysteresis 
constant rj is given for various magnetic materials. Sonic of the effects 
due to magnetic viscosity are descril>cd. It is probable that the early 
sluggish movement of the molecular magnets—frequently termed magnetic 
viscosity—is due to a number of causes. The variable character of the 
reluctivity curve is exemplified by means of a graph for a ring of soft 
iron. The reluctivity at the rcmanencc point is given by the equation 
H*/B f =a ( a , + + ftH*), which is obtained from Sandford and 

Cheney’s equations. This value of the reluctivity is indicative of the 
ability of the magnet to withstand shocks and the effects of armature 
reaction. " • G. E. A. 

2598. Electric Fields due to Motion of Tubes of Magnetic Induction. 
L. Kneissler. (Archiv f. Elcktrot. 13. pp. 232-236. July 7. 1924.)— 
An investigation of this problem by the aid of the vector calculus. • A. H. 

2599. Deformations of Liquid Streams Carrying Powerful Currents. 
L. Lombardi. (Rev.GAn. d'El. 16. pp. 331-337. Aug. 30. 1924.)—Transla¬ 
tion of the article referred to in Abstract 152 (1924). 

2600. Paramagnetism Independent of Temperature. P. Weiss and 
Paule Collet. (Comptes Rendus, 178. pp. 2146-2149, June 23. 1924.)— 
Besides the diamagnetic and paramagnetic forms, there is a third type 
of feeble magnetism, namely, the paramagnetic form, which is constant 
with change of temperature. . This is found in many elementary solids, 
and the two types of paramagnetism are compared for members of the 
periodic system from argon to copper. Cabrera showed that the moments 
of the ions of the iron group, when plotted with the number of electrons 
in the ion, lie on a regular curve. The authors obtain a curve of similar 
form by plotting the coefficient of atomic magnetisation as a function of 
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the atomic number for the elements of constant paramagnetism K, Ca, 
Ti, V, Cr, Mn and Fe. Parallelism of the two curves suggests (a) that, 
for equal numbers of electrons, substances of constant paramagnetism 
possess the same atomic moments as their ions, and ( b) the coefficients 
of magnetisation are proportional to the moments. This leads to the 
result that in all such substances the interatomic field has the same value, 
namely, of the order of 300 million gauss. G. E. A. 

2601. Ferromagnetism as Affected by Chemical, Thermal and Mechanical 
Conditions. L. W. McKeehan. (Frank. Inst., J. 197. pp. 583-601, 
May. and pp. 757-786, June. 1924.)—A survey of existing knowledge of 
magnetism with a view to testing a quantum theory of magnetism. The 
close chemical association of Fe. Co. and Ni is one of the most important 
clues to the cause of ferromagnetism. The theory of atomic structure 
of Bohr and others makes it clear why the elements in the range of atomic 
numbers between 21 and 28 should be the first to exhibit magnetic pro¬ 
perties. but no reason has been offered to explain why ferromagnetism 
in solid metals should be confined to the last three of these eight elements, 
or why it is most conspicuous in the first of these three. With regard 
to Heusler alloys, it is no accident that manganese and copper are adjacent 
to the ferromagnetic elements on either side, and the extra electrons 
furnished by the variable constituent are utilised in some way by the 
manganese to simulate the structure of iron, cobalt, or nickel. The re¬ 
versible and irreversible effects of heat and mechanical treatment arc also 
discussed, and some speculations are made as to the form of a quantum 
theory of ferromagnetism. The evidence for the existence of magnetic 
quanta in paramagnetic gases is referred to [see Abstracts Nos. 2055 and 
2121 (1922)], in which silver atoms have been separated into two groups y 
a magnetic field. The fact that only one of the 47 extra-nuclear electrons 
in the silver atom appears to be concerned in its magnetic behaviour implies 
a high degree of symmetry in the distribution of the angular momenta 
of the other 46 electrons. The evidence of magnetic structure in ions in 
aqueous solution is also considered, and internal atomic structures a 
assigned to the elements with atomic numbers from 18 to 30. The exte 
to which the proposed structure agrees with experiment is pointed_o. 
A table of 140 references closes the paper. 


. 2602. Spontaneous Magnetisation of Nickel. Lines of Equal M °Z netl * 
lion P. Weiss and R. Forrer. (Comptes Rendus, 178. pp. lNO-W*, 
May 19. 1924.)—The value of the " spontaneous ”, magnetisation o 0 
may be deduced from thermomagnetic data by plotting the thermal eltc 
A/ against the square of the specific magnetisation a for various tempera 
tures [Abstract 1935 (1924)]. In the present paper a curve * P ve 
showing the spontaneous magnetisation of Ni as a function of the tempe 
ture over the range 20° to the Curie point 357 -6°. On the same fig 
curves are drawn coordinating specific magnetisation and tempera* 
in fields 3228 g. 4116g. 10070g. and 17775 g. A second figure shows van - 
tion of magnetising field and temperature for equal magnetisation, 
lines of equal magnetisation are rectilinear in the stronger fields, appa 
and real magnetisation being identical. In the weaker fields thel* 
divergence, the continuation of the rectilinear portion representing thetru 
magnetisation. . . * ■ • • u- 
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2603. Recent Results Obtained with the Mass-Spectrograph . F. W. 
Aston. (Nature. 113. pp. 856-857. June 14. 1924.)—Anode rays of iron 
have now been obtained strong enough to demonstrate the occurrence 
of the light isotope 54 previously suspected, the intensity of this line rela¬ 
tive to the predominant 56 being estimated roughly as 1 : 20. 

Strontium consists mainly of atoms of mass number 88. but about 
3 or 4 % of a constituent 86 has now been discovered. Accurate com¬ 
parison between Sr 88 and Br 81 indicates that the former is definitely less 
than a whole number, and gives for the probable mean atomic weight of 
strontium 87-7. a value higher than the chemical one but not seriously 
discordant. Search for lighter isotopes of barium is prevented at present 
by the penumbra of the enormously strong line of iodine, with which 
parts of the apparatus in use are saturated. 

Lanthanum and praseodymium give single lines of satisfactory strength 
at 139 and 141 respectively, and are probably simple elements. With 
neodymium, erbium, zirconium, niobium, and molylxlcnum indefinite 
results only are as yet obtainable. . T. H. P. 

2604. The Effect of Cold-drawing and Annealing on Some Electro¬ 

chemical Properties of a Low Tin-bronze. S. H. J. Wilson. (Inst, of 
Metals, J. 31. 1. pp. 165-175; Disc., 176, 1924.)—This is a continuation 
of an investigation by Alkins and Cartwright on the variation in physical 
properties when this material is subjected to successive drawings. [J. 
Inst. Metals, 26. 205, 1921.) The investigation covers electrical resist¬ 
ance, thermoelectric properties and electro-chemical potential. A critical 
range is found for these properties similar to that observed by Alkins 
and Cartwright in the case of tensile strength and density. L. L. 

2605. Photoluminescence of Solid Solutions. M. Curie. (J. de 
Physique et le Radium. 5. pp. 05-83, March, 1924.)—A general review of 
the facts established by various experimenters during the last twenty years, 
with the object, if possible, of grouping these facts so as to deduce certain 
general laws. Solid photolumincscent bodies are in general solid solutions 
formed by a small quantity of heavy metal (light-producing) dissolved 
in a solid mineral body, which is a bad conductor of electricity (the diluent). 
The most remarkable phosphorescent compounds are sulphide of zinc 
and the sulphides of the alkaline earths. In explanation of the observed 
facts it is suggested that on account of their low velocity the electrons 
detached from the luminous source are deviated or arrested on their 
passage into the diluent, and tend to gather round the electro-negative 
nuclei of the diluent. These stoppages and these deviations arc accom¬ 
panied by a certain loss of kinetic energy. Consequently the amount of 
energy set free on the return of the electron to the level of departure 
(energy of luminescence) may be smaller than the minimum energy of 
excitation, conformably to Stokes’ law. The electrons during their 
return to the light-producing source would undergo variable losses of 
energy; they would be placed in fields of force which were not identical, 
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and their kinetic energy would depend to a certain extent on the thermal 
motion of agitation. Hence the character of the bands of emission with 
their continuous appearance. The divergences from Stokes’ law might 
arise, according to Einstein’s suggestion, from a borrowing by the liberated 
electron from the thermal molecular agitation. Kowalski has shown that 
these divergences become very small in liquid air. The electronic theory 
of the photoluminescence of solid solutions seems well based, but attempts 
to develop it are difficult, on account of the great condensation of the 
medium. " J* J'SO 


2606. On the Visconutry of Colloidal Solutions. W. Ostwald; 
(Zeits. phys. Chem. 111. 1-2. pp. 62-78. 1924.)—In opposition to the 
criticism by H. Freundlich of the capillary viscometer for measuring the 
viscosity of colloidal solutions it is now shown : (1) That the capillary 
viscometer gives correct viscosity data under defined conditions. For 
sols which do not obey the Hagen-PoiseuUle law values can be obtained 
by suitable modification of apparatus dimensions which are as well defined 
as with the Hess instrument. (2) By variations of height or by applica- 
tion of over- or under-pressure, the capillary-viscometer can also be used 
for measurements of the pressure function of viscosity. (3) That it is 
possible without difficulty to reproduce by this much simpler and quicker 
method the most important of the Freundlich and Schalek measurements 
obtained by means of the complicated apparatus of Hess and Couette, 
and thereby to demonstrate the validity of the theoretical assumptions 
made. (4) That it is a definition problem whether only such resistances 
to motion as obey the Hagen-Poiseuille law can be designated as actual 
viscosities. (5) That the capillary viscometer is especially suitable, both 
on theoretical and experimental grounds, for the investigation of colloida 
solutions. • H ’ H ’ H °- 


2607. The Temperature Coefficient of the Mobility of Ions in t-W* 1 **' 
F. A. Llndemann. (Zeits. phys. Chem. 110. pp. 394-398, 1924.) 
From a consideration of the collisions of ions of definite charge and mas 
with solvent molecules of definite mass, the ions and molecules moving 
with a known velocity, an expression is derived for the mobih y o 
at various temperatures. From this the free paths of various monovaiem 
ions are calculated ; these are of the right order of magnitude, ana 
great similarity is observed between the values of K + and C1-.' . 

F-, etc. The free paths for polyvalent ions are much smaller, 
temperature coefficient of the migration velocity is assumed to be a 
chiefly to changes in the free path of the ions. The theory develops 
above leads to the view that the ions are not hydrated in the sense * 
water molecules are combined with the ion. travelling as a quasi-r P 
entity, but that the ions tend to transfer momentum to the solve , 
this causing transference of the solvent in the direction they are travelling, 
and giving rise to the phenomena usually ascribed to hydration, i 
lighter ions, such as lithium, will transfer more momentum* than 
heavier ones: Other well-known facts connected with the mobilities 
the ions are discussed with regard to the author’s views, which are n 
to be in agreement with experimental evidence. **•-*"’ 

* 2608. Solid Solutions. W. Rosenhain. (Am. Inst. Mining Eng^, 

Trans. 69. pp. 1003-1034. 1923.)—The subject of solid solutions is reviewed 
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and the nature of solid solution crystals discussed. The results of a-ray 
analysis and the arrangement of the space lattices of the crystal arc 
described. The nature and behaviour of intermetallic compounds is dis¬ 
cussed and the modification of the properties of a metallic alloy by 
distortion. F. J. B. 

2609. The Influence of Anions on the Passivity of Metals. V. Roth¬ 

mund. (Zcits. phys. Chem. 110. pp. 384-393. 1924.)—The passivity of 
nickel and tin is examined by observation of the current-voltage curve, 
the metal being assumed to become passive at the point where the voltage 
increases suddenly. Nickel becomes passive in most oxy-acids, the pas¬ 
sivity potential, as defined above, being nearly independent of the nature 
and concentration of the acid. The passivity is also examined in solutions 
of the halogen acids; the passivity potential in this case is higher than 
for the oxyacids and differs for different acids. The metal goes into 
solution in the passive condition. Tin becomes passive in sulphuric, 
hydrochloric, hydriodic, hydrobromic and fluosilicic acids, but not in 
nitric acid, iodic acid, or acetic acids. Further, in both the active and 
passive states it goes into solution as divalent tin. From a brief review 
of existing theories it is concluded that none of these offers a satisfactory 
explanation of the described observations, and the influence of the anions 
on the passivity is an important factor to consider in any attempt to 
solve the problem of passivity. B. W. C. 

2610. Extension of the Gas Law to Superficial Solutions. A. Marcelin. 

(Comptes Rendus, 179. pp. 33-35, July 7. 1924.)—The results of further 
experiments on a layer of oleic acid on water [sec Abstract 2168 (1924)) 
show that the product vS of the velocity of propagation and the surface 
occupied remains sensibly constant as S varies from 2 to 28. Since />S 
also is constant for values of S lying between 2 and 8. it is evident that 
the variations of p and of v are proportional, and it seems justifiable to 
conclude that the constancy of pS holds up to S —• 28. T. H. P. 

'» 2611. Calculation of Heats of Formation and the Interpretation of 
Certain Exceptions to the Rule of Maximum Energy. C. Henry. 
(Comptes Rendus, 178. pp. 2248-2250. June 30. 1924.)—The heats of 
formation of various salts, e.g. KC1, NaCl, as calculated from a formula 
given in a previous paper (see Abstract 1239 (1924)], are compared with 
observed values. The converse determination of the mean wave-length 
of the components of the absorption spectra is discussed. Explanations 
of a chemical nature are presented in respect of exceptions to the rule of 
maximum energy. A. B. C. L. 

-2612. Protecting and Sensitising Colloidal Sols. E. K. Rideal. 
(Cambridge Phil. Soc., Proc. 22. pp. 101-104, May, 1924.)—A description 
is given of the conclusions of different investigators whereby the pro¬ 
tective action of various organic substances on colloidal sols is attributed 
to selective absorption. In some cases, however, the selective adsorption 
of a capillary active non-electxolyte leads to increased susceptibility to 
electrolytes generally or to those of some particular valency, resulting 
in precipitation of the colloid. Stable colloidal systems are always 
charged, and disperse systems in water appear in most cases to acquire 
a constant electrokinetic potential of 70 millivolts. When the electro- 
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kinetic potential falls to 30 millivolts coagulation commences, and the 
rate of coagulation is most rapid at the isoelectric point. On addition of 
an electrolyte to a suspensoid, both ions of the electrolyte are adsorbed, 
but one ion, the precipitating ion, is adsorbed more strongly, and it is 
this excess of one ion which lowers the electrometric potential and pro¬ 
duces coagulation. On the addition of a protective colloid -to the sus¬ 
pensoid, the adsorption power of the latter for ions is reduced, which 
may lead to either diminished or increased stability of the colloid, 
according to which of the ions is most attracted by the protective colloid. 

J. N. P. 

2613. The Migration of the Ions in Solid Electrolytes. M. le Blanc 

and M. Kroger. (Zeits. Elcktrochem. 30. pp. 253-256, June, 1924.)— 
The conclusions of Tubandt [see Abstract 170 (1924)] with respect to 
the migration of ions with solid lead chloride and silver chloride 
mixtures, when the migration appears to be confined to one ion only, 
arc criticised with regard to their relation to the known volumes occupied 
by the respective ions in the space lattice of the crystals. It is also 
shown that the reasoning of Tubandt fails to explain the observation 
that the addition of a little sodium chloride to powdered lead chloride 
causes a considerable increase in conductivity. B. W. C. 

2614. Investigations of the Constitution of Strong Electrolytes. C. 
Drucker and G. Riethof. (Zeits. phys. Chem. 111. 1-2. pp. 1-38, 
1024.)—A large portion of the paper is occupied with accounts of 
measurements of the voltage produced by chains of which the following 
is a typical example :— 

Na amalgam | NaCI | KC1 sat. | KC1 1/1 norm. HgCl | Hg. 

In other experiments of the same nature a hydrogen-gold electrode 
was employed. Combining the results obtained in this way by 
the authors and by previous investigators with results obtained 
in freezing-point measurements and conductivity determinations, it is 
concluded that, in addition to the ions H + , Na + , Li + , K + and Cl“ m 
solutions of HC1, NaCI, LiCl and KC1, complex ions arc also present. 
It is impossible that in the case of HC1 only complex cathions exist, but 
for the salts there must be at least one kind of complex anions and one 
of complex cathions. The number of complex ions must be noticeable 
with concentrations of about C = 0-01 mol./litre, otherwise the electro- 
metrical ion curve will be in strong disagreement with the conductivity 
curve. It is probable that the complex ions are not to be neglected 
with higher dilution. It may be assumed that the most important 
complex ions are Cl 2 _ ”. Na 2 + + . and so on. and that ions like Li 2 C1 
and LiCl 2 “ are present, particularly in the case of lithium. In any case, 
especially when mixed complexes are present, it must be assumed that 
the undissociated part has a much smaller concentration than has com¬ 
monly been assumed ; it appears indeed to be so ‘small that it ca“ 
almost be left out of consideration as a fraction of the total concentration 
(compare Sutherland’s hypothesis of total dissociation of strong electro¬ 
lytes). The agreement of conductivity and freezing-point results must 
be explained by the fact that, for the first, the values are too high, 
because not only the ions A+ and B“ but the complex ions are concerned, 
and for the second they are too high on account of hydratation. H. N. A. 
vol. xxvii. —A.—1924. _• I .»;/* - 
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2615. Submerged Corrosion of Iron. W. G. Whitman and R. P. 
Russell; (Soc. Chem. Ind., J. 43. pp. 193T-196T, June 27, and 
pp. 197T-199T, July 4, 1924.)—The phenomena observed in the corro¬ 
sion of iron and steel under natural waters and solutions of alkali or 
non-oxidising acid are capable of adequate explanation electrochemically. 
Dissolved oxygen takes part in the direct kathode reaction rather than 
serving as a depolariser for atomic hydrogen as postulated by various 
authors. 

Tho rate of corrosion under natural waters is determined by the rate 
of oxygen diffusion to an effective kathode surface and by the pro¬ 
tectiveness of the film formed on the metal. The composition and 
surface condition of the metal are unimportant factors in the corrosion 
of ordinary steels and iron. Changes in the py\ value of any given 
water between about 10 and 4-5 do not alter the rate of corrosion, since 
the liquid against the metal maintains a constant alkalinity owing to 
the solubility of ferrous hydroxide; the differences in corrosiveness 
between various natural waters are due to differences in their film¬ 
forming tendencies. 

•* Under alkali solutions the rate of corrosion decreases because the 
rust is more insoluble and hence forms a more protective film ; the 
depletion of hydrogen ions in alkaline solutions is without influence. In 
non-oxidising acids hydrogen is evolved and the rate of corrosion by 
this means is largely affected by overvoltage, so that the composition 
and surface condition of the metal are important factors. Corrosion 
by dissolved oxygen in acids, as in natural waters, is limited by the rate 
of diffusion of the oxygen to the surface, and becomes pronounced in 
weak non-oxidising acids and at high velocities. 

The anode and kathode areas may be widely separated or closely 
adjacent, and any inert area (including rust) in electrical circuit with 
the corroding anode may act as kathode. Contact with additional 
kathode area increases the corrosion of iron under natural waters by 
increasing the area to which oxygen can diffuse. Pitting is due to 
localised corrosion where the unattacked areas have been partially pro¬ 
tected (usually by films), and have therefore acted as kathodes towards 
the corroding pits. 

• The direct oxidation theory. like that of colloidal catalytic activity, 
accounts for only some of the phenomena observed in the submerged 
corrosion of steel. Each of these theories fails to agree with certain 
experimental facts, of which two of the more important are the action 
of copper in contact with steel under natural waters and the similarity 
in the action of oxygen in natural waters and in acids. T. H. P. 

2616. Relative Corrosion of Zinc and Lead in Solutions of Inorganic 
Salts. J. N. Friend and J. S. Tidmus. (Inst, of Metals. J. 31. 1. 
pp. 177-185; Disc, and Cones.. 185-192. 1924.)-The relative rates of 
corrosion of zinc and lead in solutions of sodium chloride, sodium sul¬ 
phate, potassium chloride, potassium nitrate, potassium sulphate were 
determined. Rectangular plates of the metals 3 x 6 sq. cm. were sus¬ 
pended in about 750 c.c. of each of the solutions. The solutions were 
maintained at a constant temperature in a water bath. After a given 
time the plates were removed, freed from the deposit by scraping and 
weighed. The loss of weight was taken as a measure of the corrosion. 

It was found that with the exception of the nitrate solution, the rate 
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of corrosion of zinc rises to a maximum and then steadily falls. The 
point of maximum corrosion is termed the critical concentration for the 
salt concerned. The fall in corrosion is more pronounced with the sul¬ 
phates than with the chlorides. The curves for sodium chloride and 
sulphate solutions resemble in their general form and relative powers of 
inhibiting corrosion, those obtained for iron under analogous conditions. 
The curves for lead exhibit the same general features as for zinc and 
iron, except that the nitrate behaves normally and the retarding action 
of the sulphates is very pronounced. F. J. B. 

2617. First Experimental Report to the Atmospheric Corrosion 
Research Committee of the British Non-ferrous Metals Research Associa- 
tion. W. H. J. Vernon. (Faraday Soc., Trans. 19. pp. 839-900; 
Disc., 901-934, March. 1924.)—The results are given (1)- of numerous 
field tests on relatively large specimens of various typical metals and 
alloys exposed to representative atmospheres, and (2) of laboratory 
experiments on relatively small specimens, attention being directed to 
the phenomenon of tarnishing, as distinct from corrosion in the ordinary 
sense. The types of atmosphere investigated included : (1) An indoor 
atmosphere continuously unsaturated with water-vapour; (2) an indoor 
atmosphere of high, and occasionally maximum, humidity; (3) that of 
an ordinary domestic kitchen ; and (4) open air at South Kensington. 
The methods of examining the tarnish films were: (1) Visual, including 
microscopic; (2) optical, the diminution of reflectivity furnishing a very 
sensitive means of estimating the surface changes, especially during the 
early stages; (3) gravimetric. 

For inside atmospheres the relation between weight-increment and 
time is represented by one of three types of curve ; (1) A parabola with 
its axis coincident with the time-axis'of coordinates, the weight-incre¬ 
ment being proportional to the square root of the time. In this case 
the attack of the underlying metal is regulated by the rate of diffusion 
of the corroding atmosphere through the continuous envelope of scale. 
Copper, within a wide range of humidity conditions, behaves in this 
way. (2) A straight line through the origin, the scale being completely 
permeable and neutral; this is the case with zinc in an unsaturated 
atmosphere. (3) A parabola with its axis coincident with the weight- 
axis of coordinates, the weight-increase being proportional to the square 
of the time. The scale is here discontinuous and accelerates the .attack 
on tho remaining metal in proportion to the amount already present. 
Iron in an atmosphere of relatively high humidity, intermittently reach¬ 
ing saturation, gives a curve of this form. 

In some cases an emeried surface tarnishes more readily than one 
highly polished. Under " inside " conditions the maximum differences 
occur in the atmosphere of low relative humidity, whereas in the more 
humid atmosphere '* dull ” and " bright" surfaces give practically 
identical results. In the kitchen fine silver develops a greater degree of 
tarnish on the polished surface, whereas with standard silver-copper 
alloy (7 • 5 per cent, copper) the brightly polished surface is relatively 
immune from attack. Differences in hardness have little influence, b u * 
the harder surface sometimes undergoes the greater amount of change. 
Tarnishing is greater during the winter than during the summer, pre¬ 
sumably owing to the greater general pollution of the atmosphere during 
the winter. This holds, however, only for surfaces initially clean ; with 
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copper and copper-rich alloys the rate of tarnishing in the later stages 
is controlled, within a wide range of atmospheric conditions, by the nature 
of the tarnish film initially formed. 

The change in colour of copper to (1) deep purple, (2) steely or silvery, 
and (3) yellow, when exposed to an indoor atmosphere of low relative 
humidity, is accompanied by rapid diminution, and then by slow increase 
of the reflectivity, and is due to the presence in the air of gaseous sulphur 
compounds. Solid or liquid particles, including, presumably, sulphur 
trioxide and sulphuric acid, appear to be without appreciable influence. 
The presence of liquid water is not necessary, as the action takes place 
at temperatures above the dew-point and increases to some extent as 
the temperature is raised. In an indoor atmosphere of variable humidity, 
occasionally reaching saturation, tarnishing proceeds more slowly. The 
atmosphere of the domestic kitchen appears to contain a constituent 
which has a definite inhibiting effect on the capacity of copper for 
tarnishing. In the open air and in presence of rain copper quickly 
assumes a light-brown patina, which undergoes gradual darkening during 
a considerable period ; in the early stages the action is not influenced 
by the ordinary impurities with the exception of arsenic, which hastens 
the darkening. Zinc is highly susceptible to the action of products of 
combustion, particularly those of coal-gas. The action of an unsaturated, 
polluted atmosphere on zinc-copper alloys appears in the early stages to 
bo largely a function of the copper content, with which it increases. 
With 60: 40 brass the action is at first confined mainly to the a- or 


copper-rich constituent, but is later concentrated largely on the f$- or 
zinc-rich component, and then produces far more serious results. 

The behaviour of iron is fundamentally different, both qualitatively 
and quantitatively from that of the non-ferrous metals. In the early 
stages rust forms on isolated spots, which subsequently increase in 
number and size; the weight-increment-time curve may be cither 
rectilinear or parabolic, according to the conditions, and the actual value 
of the weight-increment may become relatively enormous. 

In an indoor atmosphere polished nickel undergoes characteristic 
" filming " or " fogging ” of the surface if the minimum temperature 
approaches the dew-point, the difficulty of removing the film increasing 
with the duration of the exposure. A similar change occurs with nickel- 
copper alloys, especially in a humid atmosphere, and is a function of 
the nickel content; true tarnishing takes place more particularly in an 
unsaturated atmosphere, and is a function of the copper content. 

In an unsaturated or more humid atmosphere, free from excessive 
proportions of products of combustion, copper tarnishes to a much 
greater extent than silver, but in an ordinary domestic kitchen the 
reverse obtains. The presence of copper or cadmium in polished silver 
has a profound inhibiting effect on its capacity for tarnishing; with dull 
or eraeried surfaces there is. however, little to choose between fine silver 
and the sterling alloy. 1. H. P. 

2618. Atomistic Mechanism of Metal Rolling. U.Kakinuma. (Phys. 
Math. Soc.i Japan, Proc. 6. pp. 90-105, July, and pp. 150-168, Oct.-Dec., 
1923. In English.)—The author gives the results of an investigation 
on the inner structure of rolled metals based on X-ray data. X-ray 
photographs of certain metals show the rolling effect, even after annealing 
for a.considerable period. The ill-defined Laue figure, produced from 
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rolled copper, is converted into a more regular one by annealing at rela¬ 
tively low temperatures for a short time, and from an analysis of photo¬ 
graphs of the same specimen taken in various positions it is concluded 
that the atoms of copper tend, in the process of rolling, to attain such a 
final arrangement that the face-centred cubic lattice is almost regularly 
oriented with one pair of its cubical faces parallel to the rolled sheet and 
one of its tetragonal axes parallel to the direction of rolling. A modified 
view of Hull’s analogy regarding the ductility of metals is proposed, with 
the aid of which the mechanism of plastic deformation is atomistically 
elucidated. In the case of rolled iron, it is shown that the body-centred 
cubic lattice should be so oriented that one pair of its cubical faces is 
parallel to the rolled surface, and one of its face diagonals parallel to the 
direction of rolling. This is confirmed by X-ray analysis. The lack of 
definition shown by the patterns of rolled metals is attributed to some 
form of lattice strain peculiar to each metal, and the nature of lattice 
strains in copper, iron and silver is discussed. Attention is called to the 
fact that in the case of iron the lattice strain is complicated, so that the 
original body-centred cubic lattice appears to be partly converted into 
a face-centred one, and this may have a close relation to the mechanism 
of the allotropic transformation of iron from a toy state. A graphical 
method for the analysis of the patterns of rolled metals is described and 
applied to the analysis of the photographs of rolled silver, which is found 
to have a similar structure to that of rolled copper. [See Abstract 390 
(1923).] C. O. B. 


2619. The Production of Single-Metal Crystals. I. Obreimow and 
L. Schubnikow. (Zeits. f. Physik, 25. 1. pp. 31-36, 1924.)—By a modifica¬ 
tion of the method of Tammann single crystals of zinc, cadmium, tin, 
antimony, aluminium, magnesium and copper may be obtained. The 
metal is melted in a glass tube drawn out to a capillary at one end, heated 
in a specially constructed electric furnace, the temperature control being 
very important. The tube is evacuated to prevent oxidation of the 
metal, and the form of the tube depends upon the property of the metal 
which is to be investigated, since the crystal takes the form of the glass 
tube under the conditions of the experiment. The properties of the 
single-metal crystals are quite different from the properties of the metals 
in the ordinary form. It is found that the capillary must be less than 
a definite diameter for each metal in order to produce a single crystal. 

B. W. C. 


2620. Kinetics of Macrocrystal Formation in Tungsten. H. 
Alterthum. (Zeits. phys. Chcm. 110. pp. 1-16, 1924.)—The velocity 
of crystallisation of tungsten, in the form of compressed rods, was 
determined. Tungsten powder made by reduction of WO 3 , was com¬ 
pressed into rods 15 cm. long by 7 X 7 mm. cross-section. These rods 
were heated to 135° C. for half an hour in a current of hydrogen unti 
sintered. They were then heated directly by passage of an electric 
current, 1800 amps, at 6 volts, in a current of hydrogen (400 litres p* r 
hour being passed) until the melting-point was reached. The crysta 
boundaries were made visible by etching with a mixture of 30 ,0 
potassium ferricyanide and 10 % sodium hydrate solutions. It was 
found that such a rod showed that several large crystals were formed 
after two hours’ heating. In several hundred batches of material it was 
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found that the germ of crystallisation was formed in times varying from 
ten minutes to six hours. On longer heating crystal growth took place, 
the germ crystal increasing in size until the whole rod consisted of a few 
large crystals. 

The number of crystals varied considerably in each batch of material, 
and in some cases the rod was obtained consisting of one single crystal. 
The partial pressure of the hydrogen had a considerable influence on 
the number of crystals. The formation of the germ crystal in rods 
composed of compressed tungsten powder is the result of several reactions 
of different velocities. In a batch of material with 10 8 crystals, 10* arc 
.in a favourable position, as they lie on the surface, and of these 10 % 
lie either near to or on the edges are more affected by the hydrogen. 
Out of these 10 1 only 10 2 arc in such a favourable position to each other 
that their growing force at the maximum possible contact surfaces is 
able to overcome the resistance inertia of the neighbouring crystals. 
Ten per cent, of these—that is. ten crystals in all—undergo reduction of 
intermediate layers more rapidly than the others. This may be due to 
the existence of fewer intermediate layers from the first. Of this 10 % 
one or fewer are in a favourable position to provide the first germ 
crystal. The reduction is retarded by water-vapour, and to such an 
extent that it will become the determining factor in the total velocity. 

F. J. B. 

2621. Determination of Critical Ranges of Pure Iron-Carbon Alloys. 
J. F. T. Berliner. (Bureau of Standards. Sci. Papers. No. 484. 
pp. 347-356, 1924.)—This is an extension of the work by Burgess and 
Scott [Abstract 1396 (1916)) on the thermoelectric measurement of the 
critical ranges of pure iron. The material used was an especially pure 
series of iron-carbon alloys made from vacuum fused electrolytic iron. 
Characteristic curves showing the changes in the thermoelectric pro¬ 
perties of eight samples varying in carbon content up to 154 % arc 
given for temperatures up to 1150°. The A* transformation was found 
to be constant at 768° for heating and cooling in all alloys having a 
carbon content up to 0-45, but it did not appear in alloys of a higher 
carbon concentration. The characteristics of the curves obtained indicate 
that the A* transformation is of a different nature from the A, and A 3 
transformations. The temperatures of the A 3 . A 2 and A, transforma¬ 
tions are in fair agreement with those obtained by other methods. 1 he 
upper end of the transformations is sharp ; this is not the case when 
determined by other methods. 

2622. Influence of Temperature, Time and Rate of Cooling on Physical 
Properties of Carbon-Steel. W. M. Howe. F. B. Foley and J. Winlock. 
(Am. Inst. Mining Eng., Trans. 69. pp. 722-767, 1923.) 

2623. Determination of the Affinity Constants of Bases by the Hydrogen 
and Quinhydrone Electrodes. J. N. Prlng. (Faraday Soc.. irans. 19. 
pp. 705-717, March, 1924.)—The hydrolysis and affinity constants of a 
number of amino-bases are determined from the concentrations of hydrogen 
ions as measured by the hydrogen electrode, the quinhydrone electrode, 
and in some cases colourimetrically. Pure water and water-acetone 
mixtures'in the proportion 60:50 and 10:90 respectively arc used as 
solvents. Bases arranged according to their basicity in water follow the 
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same order, with a few exceptions, in the other solvents employed. The 
nature df the solvent affects both the hydrolysis and affinity constants 
to an extent which apparently bears no relation to other properties of 
the solvent, e.g. dielectric constant, the value of the constants decreasing 
rapidly with increasing acetone content. Conductivity measurements 
for hydrochloric acid and caustic soda were made with the water-acetone 
mixtures. The dissociation constant of water in these mixtures, deter¬ 
mined from e.m.f. measurements, falls off rapidly with increasing acetone 
content. . B. W. C. 

2624. Dissociation Under a Temperature Gradient. P. A. M. Dirac. 
(Cambridge Phil. Soc., Proc. 22. pp. 132-137. May, 1924.)—If a gas 
each of whose molecules is capable of dissociating into two similar 
molecules be kept at a constant temperature, it will attain an equili¬ 
brium state in which the rate at which double molecules dissociate is 
equal to the rate at which they arc formed by recombination of single 
molecules, there being a different equilibrium state for each different 
temperature. If the gas be subjected to a temperature gradient, the 
concentrations necessary for equilibrium will differ at different points. 
There will thus be diffusion between the two kinds of molecules, a steady 
state being attained when the rate of diffusion of double molecules into 
any region is equal to their excess rate of decomposition over their rate of 
formation within that region. Take the case of a nonconducting tube 
containing the gas, of unit section, closed at one end, the ends being 
maintained at different temperatures. There will be a continuous flow 
of double molecules from the cold to the hot end, where they dissociate 
and flow back to the cold end. causing a transfer of energy across the 
sections in addition to that due to thermal conduction. Obviously, then, 
the temperature gradient will have a maximum value at each end, 
accompanied by an excess in the concentration of the double molecules at 
the hot end, and a deficiency at the cold end as compared with the case 
of no temperature gradient. Hence, if observations could be made of 
the concentration or temperature gradient at either end, the " velocity 
of dissociation and recombination could be calculated in terms of the 
other physical constants of the gas. The difficulty of making the 
requisite measurements at the end of the tube is that the quantities to 
be measured fall off somewhat rapidly, according to an exponential law 
having a space constant of about 2 mm. under the conditions considered. 

G. W. de T. 

2625. Studies in Heterogeneous Equilibria. Part I. Conditions at the 
Boundary Surface of Crystalline Solids and Liquids and the Applies 110 * 1 
of Statistical Mechanics. J. A. V. Butler. (Faraday Soc., Trans. 19. 
pp. 659-665, March. 1924.)—Conditions are defined for the establishment 
of equilibrium between the phases at the boundary surface between 
crystalline solids and solvents, and the kinetics of these processes are 
developed by methods of statistical mechanics. The theory is advanced 
that in the case of a solid in contact with a saturated solution the attrac¬ 
tive forces that bind the molecules of a crystal together extend somewhat 
beyond the surface constituting a field of force which surface molecules 
must overcome before they can escape, and which attracts molecules 
of the same kind and so causes the growth of the crystal. The liquid 
also exerts an attractive force which varies with the distance from the 
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surface. In general, a molecule which passes outwards from the surface 
experiences first an attraction towards the surface, ami after a certain 
point an attraction into the liquid, while a point of balance exists at 
which the two opposing attractions are equal. Equilibrium is attained 
in saturated solutions when equal numbers of molecules pass the balance- 
point from both sides in any interval of time. From kinetic considerations 
the following expression is deduced for solubility :— 


log/ c = 


W, - W 2 
RT 


- log/ 


AN 


0 


lOOOA'N 


where c is the concentration of the saturated solution. \V, the work- 
done per grm. mol. of solute in reaching the balance-point from the interior. 
VV 2 the work done per grm. mol. in reaching the balance-point from the 
surface layer. N 0 is the Avogadro number and N the number of molecules 
in the cr ystalline surface layer per cm. 2 . A is given by the expression 
Vr/27tM and A' = yV K/W .,n, where M is the molecular weight of the 
solute and y its vibration frequency. 

Since \V 2 — Wj is the total work done by a molecule in passing from 
the surface into the interior of the liquid, it is equal to the heat absorbed 
in the process, that is. Q„ the heat of saturated solution. On differentiating 
the above equation there is obtained the lc Chatelier-van't Hoff equation 
for change of solubility with temperature d log c/dT OjRT~. 

For the purpose of calculation, y is taken as defined by the characteristic 
vibration frequency of the solid as determined by " rest strahlen," and 
for Wj is taken the total heat absorbed in solution or the latent heat 
of fusion. From the data available in the case of the alkali chlorides 
a determination is made of the value of the integration constant of the 
above equation or the term log, AN 0 /1000 A'N. The values of this 
constant thus obtained agree in order of magnitude with those calculated 
from the above equation. J. N; P. 

2626. Studies in Heterogeneous Equilibria. Part 11. The Kinetic 
Interpretation of the Nernst Theory of Electromotive Force. J. A. V. 
Butler, i (Faraday Soc., Trans. 19. pp. 729-733, March. 1924.)— The 
methods developed in the previous paper arc applied to the case of a 
metal in contact with a solution containing its ions. It is shown on 
kinetic grounds that the Nernst conception of electrolytic solution pres¬ 
sure is capable of accounting for the p.d.’s exhibited by metals in their 
salt solutions. The case of metals giving rise to one kind of ion is alono 
considered. 

The electromotive process is concerned with the metal ions in the 
surface layer, those in solution, and the free electrons left on the surface 
of the metal. The effect of the negative charge is to retard the passage 
of positive ions away from the surface and to assist their deposition 
from solution. The charge will accumulate until the. two processes 
occur at equal rates. The condition which is assumed to obtain in the 
electrolyte in the vicinity of the metal surface is that the metal exerts 
g force of attraction on the metal ions which falls off rapidly with the 
distance, while a counter attraction is exerted by the liquid which is 
greatest at the surface and falls off rapidly with distance. An electrical 
force of attraction is also exerted on the positive ion which is greatest 
at the surface and falls off with increasing penetration in the zone of 
excess positive ions in the solution. The result of the superposition of 
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the three forces is expressed by a curve which possesses a balance-point. 
A consideration is made of (I) the total work done by the ion in 
reaching the balance-point from the surface of the metal, (2) that done 
by an ion in reaching the balance-point from the interior of the liquid 
in view of the attractive forces and of the p.d. between the balance- 
point and the interior of the liquid. An expression is derived to evaluate 
the number of ions which have sufficient kinetic energy to cross the 
boundary- either to or from the surface of metal. By means of these 
factors an expression is derived in which the normal potential E 0 is given 
by the formula 


_ U RT AN 0 
F ° wF + «F ° 8 ' 1000 A'N, 


( 1 ) 


and this quantity may be regarded as equivalent to — 


RT 

K 


log P in the 


Nernftt formula E 



Some approximate calculations arc made in which, as in the previous 
paper, the quantities involved in the term A', vie. v and W' 2 . are given 

values as before. The values of ~ are taken from published data, 

Mr 

and refer to the total energy change of a complete cell, consisting of the 
metal electrode combined with the normal H electrode. In the case of 
a number of metals the potentials calculated on the basis of equation 
(I) are of the order of magnitude of measured values. J. N. P. 


2627. Variation with Temperature of the Photoelectric Effect tti 
Potassium Photoelectric Cells. H. E. Ives. (Optical Soc. of America. 
J. and Rev. Sci. Inst. 8. pp. 551-580, April, 1924.)—The photoelectric 
current from pure potassium in highly exhausted cells was found, contrary 
to previous belief, to vary with the temperature and in the sense oi tnc 
temperature change. The temperature range examined was from room- 
temperature to the temperature of liquid air. and it was found thatjn* 
temperature variation of the photoelectric current was negligible aoovc 
0°C., but became greater the lower the temperature. The cha "*® 
photoelectric current increases when the frequency of the exciting radiation 
is lowered. The change occurs in the normal and also in the selec ' 
photoelectric effects. The variation with temperature is in consonanc 
with the supposition that the work function of the surface is alterea. 
Such an alteration is shown by the bodily shift along the voltage axis 
the voltage-current curve of a photo-sensitive kathode, which occurs wftc 
the potassium which is changed in temperature is the anode. On cooling 
potassium from + 20° to - 180° C. its work function is increased oy 
about £th volt. .! 


2628. Formation, by a Wet Method, of Layers of Cuprous Oxide endowed 
with Photoelectric Properties. J. Pionchon and (Miss) F. I*" 10 "*! 
(Comptes Rendus. 178. pp. 1885-1887, June 2. 1924.)-The experimental 
study now recorded had its inception in a chance observation relating 
effects upon electrodes of abrupt variations of e:m.f. [see Abstract U* 
(1912)]. One of the cells employed contained an extremely dilute aqueou 
solution of copper sulphate, in which two copper plates were immersed 
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as electrodes, and this having been left untouched and exposed to ulight 
for eight days exhibited photoelectric phenomena. The electrodes were 
found coated with a bluish-red film extremely sensitive to light, and the 
present investigation studies its systematic production. The requisite 
dilution is found to range between 1/2000 n and 1/10 n, with an apparent 
optimum at 1/1000 n. Copper coated electrolytically does not undergo 
the superficial alteration so rapidly as that with a surface freshly formed 
by nitric acid immersion and washing. Diffused daylight lends to the 
formation of an olive-green layer finally. Air is necessary for the phenome¬ 
non, as also copper sulphate, since immersion of the copper plates in a 
full-corked container or in distilled water alone gives no such result. 
The film is found to be partly soluble in dilute sulphuric acid, and thereby 
identified as cuprous oxide, which decomposes on acid treatment into 
copper and cupric oxide. Heated in air, the film is transformed into 
black cupric oxide. Various photoelectric uses are briefly indicated. 

A note by A. Cotton draws attention to similar observations by 
G. Athanasiu. H. H. Ho. 

2629. Potentials at Phase Boundaries. L. Michaelis and A. Fujita. 

(Zeits. phys. Chcm. 110. pp. 266-284. 1924.)—The conditions at the boun¬ 
dary of two phases containing an electrolyte distributed in equilibrium 
between them are discussed. From the theory of Nernst. that there is a 
partition coefficient for the single ions, the active mass of the ions being 
proportional to their concentration, it is deduced that for a concentration 
cell of this type the e.m.f. should be zero; also the potential of other 
cells should vary with the hydrogen ion concentration. Experiments 
with various concentration cells in benzyl alcohol-water phases show that 
these requirements are not fulfilled, and that the conception of partition 
coefficients for each ion must be modified by introducing an " activation 
factor. In the case of chemical cells (eg. 0-ln KCI/0-1 n KI. etc., 
in the benzyl alcohol water phases) measurements of e.m.f. for various 
combinations are made giving results which do not appear to be in concord¬ 
ance with accepted theories. The reproducibility of the experiments is 
not very good. The effect of the diffusion potential is considered in 
dealing with electrolyte mixtures. It is found impossible to reproduce 
some experiments of Haur with toluol, who found that the potential at 
the boundary toluol-water depended upon the hydrogen ion concentration ; 
further, theory requires that the potential of the metal electrode should 
be constant towards the toluol, e.m.f. measurements measuring only the 
p.d. at the liquid phase boundary, but the authors’ experience does not 
confirm this view. A modification of the existing theories therefore 
appears necessary. ' V * C * 

2630. On the Theory of the Thermo-dynamic Phase Boundary Potentials. 
E. Abel. (Zeits. phys. Chem. 110. pp. 687-598. 1924.)—In this paper 
it is shown that by the distribution of electrolytes between two limited 
miscible solvents the thermo-dynamic potential at the phase boundaries 
must be constant, i.e. independent of the nature and concentration of the 
electrolyte. The effective ionic distribution coefficients for given pairs 
of solvents must be the same for all ions which are equivalent, i.e. the 
so-called specific ionic distribution coefficients. It appears plausible that 
the latter are equal for all ions, and coincide with the effective coefficients, 
and that accordingly the relative position of all elements remains untouched 
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with respect to their inertness towards the medium, a thermodynamic 
phase boundary potential being non-existent. H. H. Ho. 

2631. Oxidation and Reduction Potentials of Organic Compounds. 
E. Biilmann. (Faraday Soc., Trans. 19. pp. 676-691, March, 1924.) 
—A description is given of the preparation and properties of the quin- 
hydrone electrode and the effect of salts thereon. Quino-quinhydrone 
and hydro-quinhydrone electrodes are also described. The quinhydrone 
electrode may be used as a standard electrode and also for the determina¬ 
tion of hydrogen ion concentrations, being more convenient in use than 
a hydrogen electrode. The application of the electrode to the determina¬ 
tion of pH values in soils is discussed. The reduction potentials of various 
quinones have been measured with the aid of this electrode, the results 
being compared with those of American workers. The reduction poten¬ 
tials of alloxanthines have been measured in a similar manner. In the 
case of azo-compounds it is shown how the equilibrium constants, the 
heats of transformation and the velocity constant may be calculated 
from the reduction potentials determined by this electrode. Various 
possible applications of this in organic chemistry are pointed out. .* 

B. W. C. 


2632. Irreversible Electrode Phenomena. H. J. T. Ellingham and 

A. J. Allmand. (Faraday Soc., Trans. 19. pp. 748-771, March, 1924.) 
—After discussing reversible and irreversible electro-chemical reactions, 
the experimental facts relating to the kathodic evolution of hydrogen, 
the anodic evolution of oxygen, electrolytic reductions and oxidations, 
the kathodic deposition and anodic solution of metals of the iron group, 
and passivity phenomena as exhibited electro-chcmically are correlated 
and discussed. The value of current-density-potential curves in investi¬ 
gating the problems is pointed out, with the interpretation to be placed 
upon curves of various types. Irreversible phenomena at small current- 
densities are discussed, with especial reference to the conditions under 
which bubbles of hydrogen and oxygen arc formed. It is shown that the 
magnitude of the polarisation produced depends upon the relative velocities 
of the compensating processes— e.g. diffusion or chemical reaction and 
the main electro-chemical process, i.e. ionic discharge. Polarisation may. 
also be set up by hindrance of the electro-chemical process itself by the 
formation of a film—solid or gaseous—at the surface of the electrode. The 
polarisation phenomena reviewed above arc explained in the light of these 
considerations, e.g. hydrogen overvoltage is due to the formation of .an 
addition complex with the metal electrode, the compensating processes 
here being the diffusion of hydrogen into the metal and the reaction 
2H -► H 2 . Passivity may be due to the resistance of an oxide film or 
thin film of oxygen bubbles to the electro-chemical reaction, various 
investigators holding different points of view. The detailed nature of tM 
discussions, however, does not lend itself to an abstract. B. W.;G. 

2633. The Measurement of Certain Inaccessible Potentials with a Con¬ 
trolled Oxygen Electrode. A. K. Goard and E. K. Rideal. (Faraday 
Soc., Trans. 19. pp. 740-747. March, 1924.)—A critical survey of published 
experiments with the oxygen electrode indicates that the anomalies 
exhibited are due to the formation of traces of oxide, which are heMf 
probably in solid solution at the surface of electrode. The criteria'of 
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reversibility of an electrode are discussed. It is shown that, by preparing 
a platinum electrode of known oxygen content, the potential, when im¬ 
mersed in an arsenate-arsenite mixture, rapidly rises to a maximum value, 
and then falls away again, the liquid being kept unstirred. The maximum 
value thus obtained is quite reproducible. Similar experiments were 
made with various reducing sugars in 1\ 2 C0 3 solution. The observations 
in these cases can be satisfactorily explained by considering the reactions 
between the reducing agent in the solution and the oxide in the surface- 
layer of the electrode. ^ • 

2634. Electrode Potentials in Non-Aqueous Solutions. E. Baur. 

(Faraday Soc., Trans. 19. pp. 718-720. March, 1924.)—The use of the 
capillary electrometer for the determination of electrode potentials in 
aqueous solutions is discussed with reference to the adsorption of " capil¬ 
lary-active " ions at the phase boundary, this effect being absent for 
salts, such as the chlorides, sulphates and nitrates of the alkalies. The 
use of the electrometer for non-aqueous solutions is also described, where 
there is partition equilibrium between the two phases in the electrolyte. 
It is shown how these measurements may be applied to measure the 
interface potentials between inorganic salts in partition equilibrium in 
non-aqueous solvents, from which the electrode potentials in any solution 
may be deduced. ^ 

2635. Electromotive Equilibrium and Polarisation. A. Smits. (Lara- 

day Soc., Trans. 19. pp. 772-784. March. 1924.)—A critical review of 
modern theories of passivity and polarisation is given. The hydration 
theory of Leblanc is rejected, since it assumes the scat of the effects is 
in the solution itself; the valency theories of Finkclstcin and Muller arc 
too indefinite. The retardation of the heterogeneous solution process is 
the basis of various theories involving the formation of addition complexes 
of hydrogen and oxygen with the metal electrode ; the most general of 
these is put forward by Foerster, who considers the catalytic effect of 
hydrogen and oxygen on the retardation of the heterogeneous solution 
process. The author regards this theory as untenable, since it leads to 
the assumption that in the passive or polarised state heterogeneous 
equilibrium does not exist between the metal and liquid in contact with 
it. In the author's view an internal equilibrium exists in the metal itself 
between atoms, electrons, ions of different valency, and probably molecules 
of various sizes. It is the catalytic effect of various agents on the attain¬ 
ment of this internal equilibrium which determines the observed polarisation 
or passivity phenomena. This affords a simple explanation of the over¬ 
voltage of hydrogen and oxygen ; also the influence of mercury on the 
potentials of aluminium and magnesium can only be explained by the 
above reasoning. B - w - c - 

2636. The Mechanism of the Reversible Electrode. E. K. Rldeal. 
(Faraday Soc.. Trans. 19. pp. 687-675. March, 1924.)-Modcrn theories 
of the origin of e.m.f. in galvanic cells are reviewed. The Ncrnst chemical 
theory as modified by recent workers, is criticised on the ground that it 
leads to impossible values for the electrolytic solution pressure of the 
metals The conception of a series of equilibria in the metal itself, as 
put forward by Smits in his theory of allotropy, leads to a complex space 
lattice system for the metal which is at variance with X-ray examination. 

VOL. XXVII.—A.—1924. 3Q 



038 


SCIENCE ABSTRACTS. 


On the other hand, the Volta or contact effect alone does not give a com¬ 
plete explanation, since the concentration of the electrolyte has an effect 
upon the potential of the cell. The “ electron affinity ” of the metals, 
calculated from the Richardson thermionic equation or the Einstein 
photoelectric relationship, follows approximately the same order as the 
electrode potentials of the metals. By a consideration of the conditions 
of surface equilibrium of the metal, an expression involving the Volta 
effect— i.e. electron affinity—the electrolytic concentration and the atomic 
volumes of the elements is derived which is in agreement with experimental 
observations. This view is preferred to that of Heyrovsky, who considers 
anodic discharge, and only regards OH' ions as active in causing the elec¬ 
trode potential. A full solution of the problem is impossible until exact 
information is available on the absolute potential of electrodes immersed 
in electrolytes of known activity, and on the degree and extent of solvation 
of the ions. Attention is directed to recent work on both these problems. 

B. W. C. 

2637. Theory and Practice of the Electrometric Acid Titration. 

F. Auerbach and E. Smolczyk. (Zeits. phys. Chem. 110. pp. 66-141, 
1024.)—When in titrimctric analysis the alkali added is plotted as 
abscissa and the potential of a hydrogen electrode (determined after 
each addition) or the pn(— — log,(H*)) as ordinate, curves are obtained 
which become very steep when the H* falls rapidly and the indicator 
changes colour. The authors show that the curves may be further 
utilised. The study of the titration of acids (mono-, di- and tribasic), 
single and in mixtures, leads to equations which enable them to predict 
the type of curve, its shape as dependent upon the amount of alkali 
added, the initial volume, the concentrations of acid and alkali, and the 
dissociation constants of the acid', further, to calculate from the 
measurements, the dissociation constant of a pure acid and the single 
concentrations of mixtures, even when the curve does not show charac¬ 
teristic points. The theory is confirmed by experiments made with 
benzoic, acetic, lactic, tartaric, malic, succinic and citric acids. The 
use of Biilmann’s quinhydrone electrode [see Kolthoff, Abstract 1266 
(1923)] in preference to the hydrogen electrode is recommended, and 
Biilmann's value of the single potential of that electrode is confirmed ; 
qiiinhydrone is unsuitable in the case of formic acid, however, and the 
general equations do not hold for oxalic acid, which is too strong. 
Titrimetric analysis also admits of determining the proportion of the 
bound acid in the case of mixtures of salts : but for that purpose the 
concentrations of the single acids should be determined in separate 
tests. *' H.B. 

2638. The Determination of Hydrogen Ion Concentrations by Means 
of the Glass Electrode . A. L. v. Steiger. (Zeits. Elektrochem. 30. 
pp. 259-263, June, 1924.)—For the determination of the H ion concen¬ 
tration of solutions of many organic liquids which, through disturbing 
factors, cannot be employed with either the platinum-hydrogen electrode 
or with indicators, use is made of the glass electrode which was first 
applied by Haber and Klemensiewicz. The solution is placed in a 
spherical glass bulb made of Thuringian glass of low melting-point, the 
estimated thickness of the walls being from 0*02 to O'04 mm. A 
platinum wire inserted in this solution forms one of the electrodes. The 
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bulb is suspended in a vessel of potassium chloride solution, to which is 
connected a standard calomel cell, forming the second electrode. Measure¬ 
ments of p.d. arc made by a quadrant electrometer. The two needle 
sectors are charged to + 100 or - 100 volts. The metal case and one 
quadrant are earthed, and the potential to be measured is connected to 
the second quadrant. The deflection produced by 0-0001 volt can be 
detected. Generally an interval of one hour is required to obtain a 
stationary potential. As a rule the results obtained can be reproduced 
to within about 0-0016 volt. and. in the case of solutions of known H ion 
concentration, are in close agreement with the theoretical values. An 
investigation is made of the influence of subjecting the glass to treatment 
by various reagents. A disturbance in the values given is produced by 
the sodium ion when present in concentrations above 0-2 N. (Abstract 
787 (1923).] ‘ J.N. P 

2639. Processes at the Mercury-Dropping Kathode J. Hcyrovsky. 
(Faraday Soc., Trans. 19. pp 692-702. and pp. 785-788. March. 1924.)— 
Part /.—The mercury-dropping kathode may be employed to study the 
deposition of metals. A sudden increase of current in the current-voltage 
curve (the decomposition potential) may be caused by: (1) Combination 
with mercury of the deposited inctal and diffusion into the drops ; 
(2) a new phase being formed at the metal surface; (3) diffusion of 
deposited volatile product into the surrounding solution. 

Tho first case includes metals which form amalgams with mercury. 
It has bcon treated in a previous paper .sec Abstract 1279 (1923)). and is 
extended here to zinc, dead and cadmium, the affinity of these metals 
being determined in volt-farads. The second case occurs if the 
deposited metals have no affinity for mercury, and experiments with 
iron and arsenic are described. The third case is dealt with in Part II. 

The current-voltage curves obtained are very sensitive to the presence 
of foreign ions. Waves in the curves appear in very dilute solutions, corre¬ 
sponding to the presence of minute traces of impurities in the deposited 
metal. Cadmium and lead to the extent of 1 part in 100,000 can bo 
detected in zinc ; similarly zinc in cadmium. It is suggested that a 
complete scheme of qualitative electro-analysis could be devised on these 
lines, a complete theoretical discussion being given. It is shown that 
the arrangement may be used to study tri- or tetravalent concentration 
cells. A study of the phenomena of deposition should determine, in the 
case of certain metals, whether these exist as a true or colloidal solution. 
Amphoteric electrolytes may be studied in the same way. The method 
is limited on one side by the potential of —2-1 volts, representing the 
deposition of lithium, and on the other by + 0-2 volt where the mercury 
begins to oxidise. The method may be adapted to non-aqueous solutions. 

Part II .—It is the high hydrogen overvoltage of the mercury-dropping 
kathode which renders this so valuable in studying the deposition of 
metals. Current-voltage curves for HC1 at various dilutions are given 
representing hydrogen evolution before bubble formation begins. This 
is an example of the third case quoted in Part I. the hydrogen diffusing 
into the surroundings of the kathode. From the observations at the 
mercury-dropping kathode it is ooncluded that it is the unfavourable 
conditions for chemical union of the hydrogen atoms to form molecular 
hydrogen, and not the physical difficulties in bubble formation, which 
determine the hydrogen overvoltage. The intcrfacial tension of the 
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drops, which is very sensitive to impurities, shows no evidence for the 
formation of a surface layer of hydride or a gas film ; the regularity of 
kation deposition affords further evidence against the existence of such 
layers. In the author's opinion, therefore, it is the influence exerted 
by the metal in creating favourable or unfavourable conditions for the 
union of hydrogen atoms which determines the magnitude of the hydrogen 
overvoltage. • b. w c 


2640. The Nernst Heat Theorem. W. H. van de S. Bakhuyzen. 
(Zeits. phys. Chem. 111. 1-2. pp. 39 56. 1924.)—In the thermodynamic 
relation A = U — T . d.\/dT, where A is the decrease of thermodynamic 
potential or the change of free energy, and U the total energy change or 
calorific value of the reaction, the expression is, by integration, arranged 

in the form A = U — TldU/dT . dT/T + CT where C is an integration 

J o 

constant. According to the Nernst heat theorem C = O, so that 

A = U — T rfU/rfT . dT/T. The validity of this equation is tested in 
J o 

the case of the following chemical systems : (1) S (rhombic) S (mono¬ 
clinic) ; (2) CuS0 4 . H z O CuS0 4 + H z O; (3) Agl Ag + I; 

(4) Zn, Hg — ZnS0 4 — Hg 2 S0 4 — Hg (Clark element); (5) other reactions 
similar to the above involving interaction between metal chlorides or 
oxides. In the case of systems (1), (2). and (3) use is made of the datum 
that at the transition temperature A = O. Further, d\J/dT is given 
by the term c f — c p , or the difference in specific heats of factors and 
products. Tabulated values are derived for the quantities 1/T . d\)/dT, 

T 1/T . dV/dT . dT and U, the second of these terms being derived 
J o 

by means of graphical integration. In the case of the sulphur system, 
curves for the values for U and A are drawn. These curves convergfe 
with falling temperature, and when extrapolated meet at a temperature 
of about 60° abs. when A = U. In the case of the systems (4) and (6), 
A is given by the potential of the cell. The values obtained for U and A 
in the different cases are compared with those calculated from thermal 
data and temperature coefficients and also in some cases from data given 
by determinations of solubility. The hydrogen-oxygen potential is 
investigated by data given for the cell H 2 — H 2 0 — HgO — Hg [see 
Abstract 1636 (1914)]. A comparison is made of the value of the heat 
of reaction of this cell calculated from thermal data with that derived 
from the e.m.f. and the temperature coefficient. A calculation is also 
made of the free energy from the work available when the concentration 
of hydrogen is brought from a pressure of one atmosphere to that obtain¬ 
ing at the equilibrium stage in the reaction H 2 + HgO = Hg + HgO. 
The calculation of the equilibrium pressure of hydrogen is derived from 
the change of entropy of the vapour phases in equilibrium with each of 
the reacting materials. In all instances the discrepancies between 
measured values of A and those calculated on the basis of the Nernst 
theorem are of no greater magnitude than would result from the inaccuracy 
of the data employed. ; • J* 

2641. Influence of Obstructive Films on Anodic Processes. U. R. 
EVans. (Faraday Soc.. Trans. 19. pp. 789-799, March, 1924.)—The 
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considerations of the author lead to the conclusion that the anodic attack 
of a metal proceeds readily when the product is soluble, and also when 
it is insoluble, but non-adherent; an adherent insoluble film may stop 
attack and produce valve-action. The substance is more likely to adhere 
when it is the direct product of anodic attack than when it is produced 
by precipitation at a small distance from the anode. Passivity is pro¬ 
bably due to a layer of attached oxygen atoms or half-discharged oxygen- 
rich ions, but the oxide film is not identical with any known massive 
oxide. There are degrees of passivity. Metals of the B group (Cu, Ag. 
Au, Zn, Cd, Hg. Sn, Pb) mostly give active, reversible electrodes. Most 
metals of the A group, which cannot, as a rule, be electrolytically deposited 
from aqueous solutions, appear to be permanently passive ; their electrodes 
are irreversible and their deposition potentials are far removed from the 
dissolution potentials. Iron, nickel and platinum, etc., belong to the 
transition group, with many apparent anomalies. Some experiments of 
the author on the doubtful relative positions of iron and cadmium are 
mentioned. When iron is in contact with cadmium in hydrochloric acid, 
hydrogen is liberated from the iron, and the dissolution of cadmium is 
accelerated. H. B. 

2642. Passivity and Kathodic Overvoltage. E. Liebreich and W. 
Wiederholt. (Zeits. Elektrochem. 30. pp. 263-279, June, 1924.)— 
The passivity of a metal depends upon the chemical relations existing 
between the metal and the surrounding solution ; the overvoltage is partly 
chemical in origin, and therefore some connection between the two pheno¬ 
mena might be expected. In order to investigate thoroughly the passivity 
of chromium and iron, complete currcnt-coltagc curves arc taken with the 
metals, both in the anodic and kathodic conditions. It is shown how 
changes in direction of this curve will indicate changes in the conditions 
and chemical reactions at the electrodes. After a description of the 
necessary apparatus and manipulation, the experimental results arc 
interpreted in the light of the above considerations. Chromium exhibits 
passivity if the conditions favour the passage into solution of trivalcnt 
chromium, the passivity being due to the insolubility of the chromium 
oxide formed. The passivity of iron is due to the formation of a higher 
oxide. A small amount of kathodic polarisation is sufficient to activate 
the metals; hydroxides form owing to the presence of hydroxyl ions in 
the neighbourhood of the kathode. This is probably caused by the fact 
that the nascent hydrogen at first is partly used up by reduction of the 
dissolved oxygen to water, and partly adsorbed by the metal electrode. 
Hydrogen is only evolved as such when the metallic hydroxide is com¬ 
pletely reduced. 

Various current-voltage curves arc illustrated and discussed for active 
and passive chromium and iron, a satisfactory chemical explanation being 
deduced in all cases. The detailed nature of this work does not lend 
itself to an abstract. Similar curves were obtained for mercury; in 
passing from the anodic to the kathodic condition the nascent hydrogen 
must be used up at first in reducing the oxide film before it can be evolved 
freely. The bearing of this on the kathodic overvoltage of mercury is 
pointed out, the adsorption of hydrogen by the metal being a deciding 
factor. A review of previous experiments on the deposition of gold and 
chromium, when complete current-voltage curves were taken, indicates 
that the kathodic deposition of metals may be influenced by the alloying 
VOL. xxvii.—a.—1924. 



SCIENCE ABSTRACTS. 


942 

properties of the metal deposited and the metal kathode, analogous to 
the adsorption of hydrogen by the metal kathode. B. W. C. 

2643. Measurement and Cause of Overvoltage, S. Glasstone. 

(Faraday Soc.. Trans. 19. pp. 805-816, March, 1924.)—The author believes 
that the " transfer ” resistance of Newbery [Abstract 477 (1920)1, which 
he would call surface resistance, is due to a metal gas-electrolytic system 
at the surface of the electrode, and he discusses various sources of error 
in overvoltage measurements. He finds that the overvoltage, as deter¬ 
mined by the direct method, depends, for a given current-density, upon 
the size of the electrode, decreasing as the electrode becomes smaller. 
At very low current-densities, however, the direct method is the only 
one available ; in other cases he prefers his extrapolation method. A 
theory of kathodic overvoltage, based upon some experiments with 
kathodes of Hg, Cu and Pb, is outlined. H. 0. 

2644. The Gas Film Theory of Overvoltage. N. V. S. Knibbs. 
(Faraday Soc., Trans. 19. pp. 800-807, March, 1924.)—Critically reviewing 
current theses, the author suggests that the overvoltage is the fall of 
potential across the gas layer adsorbed to the electrode surface, the thick¬ 
ness of the layer being dependent on the nature of the electrode surface 
(its adsorptive power), the facility with which bubbles are formed 
(depending on the presence or absence of nuclei and on temperature 
and pressure), and the current density (which controls the quantity 
of gas to be evolved and hence the rate of bubble formation). The ga? 
layer is stable on account of the forces of adsorption. When the thickness 
exceeds a certain limit, the forces on the outer layer become very weak, 
and a bubble forms. According to Maclnncs and Adler [Abstracts 359 
and 973 (1919)], the formation of a bubble requires more energy than 
that required to make it grow ; at very low current-density the over¬ 
voltage varies periodically with the formation and release of gas bubbles. 
Colloids modify the overvoltage because they influence the adsorptive 
power of the electrode. Various peculiarities are discussed from this 
point of view, but the author only deals with kathodic overvoltages. 

H. B- 

2645. Conductivity of Fused Electrolytes. W. Blitz and W. Klemm. 
(Zeits. phys. Chem. 110. pp. 318-342, 1924.)—The conditions are investi¬ 
gated for obtaining accurate measurements of the conductivity of fused 
metal chlorides. A sinusoidal alternating current of 500 periods at 
4 volts is adopted, and a bridge arrangement and telephone are used. 
A quartz U-tube fitted with platinised platinum electrodes is employed, 
as containing vessel and access of water is excluded. The capacity is 
determined by calibrating with potassium chloride solution. The influence 
is determined on the conductivity values of fused salts of varying the 
capacity of the cell and the form of the electrodes, whether of disc, cylin* 
drical, or spherical shape. With disc electrodes the specific conductivity 
increases with the capacity, but reaches a limiting value which agrees 
with that given by the other forms of electrodes. A comparison is made 
of the results with earlier data by Arndt [Abstract 1129 (1906)] and by 
Jaeger. In the case of the alkali chlorides the specific conductivity values 
for the fused salt at temperatures near the m.p. are as.follows: LiCl 
6-94, NaCl3• 66, KC1 2-19, RbCl 1 -55,CsCl I • 14. The molecular conduc- 
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tivity is taken as the product of the specific conductivity and the mole¬ 
cular volume as derived from the density. The values of the molecular 
conductivity at the m.p. bear a relation to the atomic volume v. In the 
case of the alkali chlorides the product fiv 2 / 3 gives an approximately con¬ 
stant value, similarly with the chlorides of the alkaline earth metals, while 
in the case of those of Ag, Cd, and Bi the value is much lower. The values 
for the specific conductivities arc classified according to the periodic system 
of the elements. Results are plotted for the change of specific conductivity 
with temperature. Except in the case of ZnCl 2 , which, of the compounds 
measured, has the lowest value for the conductivity, the curves obtained 
are slightly concave to the temperature axis and approximately parallel 
to each other. The temperature increments of conductivity are thus 
similar and independent of the absolute values. The temperature co¬ 
efficients accordingly increase with falling absolute value of the specific 
conductivity. J. N. P. 

2646. The Electrodeposition of Manganese. Part I. A. J. Allmand 
and A. N. Campbell. (Faraday Soc.. Trans. 19. pp. 569-570; Disc., 
571-573, March, 1924.)—The authors describe experiments made under 
various conditions with solutions of manganese sulphate and chloride, 
partly on the lines of (not numerous) previous investigations, notably of 
Grubc and Metzger [Abstracts 1495 and 1702 (1923)), and van Arsdalc 
and Maier [Abstract 822 (1919)1. High metallic salt concentration, low 
hydrogen-ion concentration and high current-density appeared advisable. 
Neutral baths containing the sulphates of manganese and ammonium (not 
sodium) gave pure metal deposits, not contaminated with basic material, 
at 30° C. and a kathodic current-density of 10 amps./dm. 2 , but not more 
than a few grammes of coherent manganese could be obtained, and the 
current-efficiency was 40 to 50 per cent. In reply to questions the authors 
agreed that the exfoliation of the deposits was probably due to occluded 
hydrogen ; but the brittleness of the manganese seemed to have another 
cause, as it did not disappear when the metal was heated in vacuo to 300*. 

H. B. 

2647. Influence of Temperature on the Polarisation of Nickel. S. 

Triandafll. (Comptes Rcndus. 178 pp. 1973-1975, June 10. 1924.)— 
It is known that polarisation diminishes with a rise of temperature; also 
that it increases with the voltage and current-density until it reaches a 
limiting maximum value. The author has measured the total polarisation 
with nickel electrodes in nickel sulphate and nickel chloride at various 
temperatures with various current-densities, a limiting value being observed 
in each case. If this value is plotted against the temperature, it is seen 
that the total polarisation falls off with increasing temperature, the rate 
of decrease becoming constant between 25° and 100° C. Similar curves 
arc obtained with both electrolytes, and chloride giving a value 1 • 38 volt 
higher than the sulphate from 0°-100° C. B. W. C. 

2648. Electrolytic Protective Oxide Coating on Aluminium. A. 
Glinther-Schulze. (Zcits. f. Metallkundc, 16. pp. 177-178. May, 1924.) 
—When an aluminium anode is placed in borax solution the oxide film 
increases the p.d., originally of 5 volts, to 150 volts by the time the film 
has a thickness of 0-1 fi, and to nearly 600 volts when the film thickness 
is 1 fi. For most protective purposes the former tension is sufficient. 
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The treatment by d.c. or a.c. (with two aluminium electrodes) will take 
one or two hours, during which the temperature of the cell should not 
exceed 50° C. The washed and dried surface may profitably be covered 
with paint afterwards. • • • H. B;> 

2649. Catalytic Electrolytic Generation of Oxygen. C. G. Fink. 
(Indust, and Engin. Chem. 16. pp. 566-567, June, 1924. Paper read 
before the Am. Chem. Soc., Jan., 1924.)—A brief discussion of anodic 
electrolytic corrosion is given, with especial reference to the character¬ 
istics of insoluble anodes for technical electrolysis. It is pointed out 
that it is the velocity of discharge of the anions to form gaseous oxygen, 
compared with the velocity of combination of the anion with the metal 
of the anode which determines the solubility of the metal under the action 
of a current. An anode, in order to be insoluble, should therefore catalyse 
the formation of gaseous oxygen as far as possible, i.e. reduce the oxygen 
overvoltage. Metals which form two or more oxides, or metals which 
form insoluble surface compounds in a porous condition, might be expected 
to produce this effect. Experiments show that barium, manganese, 
cobalt, lead and silver are satisfactory metals for the purpose. B. W. C. 

2650. Anodic Gold Oxidation. F. Jirsa and H. Jelinek (Zcits. 
Elektrochem. 30. pp. 280-289, June, 1924.)—By means of the equilibria 
in the solubility of auric hydroxide in sulphuric acid of varying concen¬ 
trations a determination is made of the solubility product of this 
hydroxide. On account of the low rate of solution of the oxide in dilute 
sulphuric acid, the method followed consists in taking saturated solutions 
of the oxide in concentrated acid, diluting to varying degrees, allowing 
to stand until equilibrium is attained, and estimating the concentration 
of dissolved oxide and acid. From the constant given by the expression : 
K « [Au-]/[H*] 8 . the value of the solubility product of the hydroxide 
is estimated to have the value: (Au’”] x [OH'] 3 - 9 0 X 10-«. From 
this value it is evident that weak acids of low H ion concentration are 
not able to form any Au’” salt since this is practically completely hydro¬ 
lysed. A measurement is made of the p.d. of the clement: 

' r Au/lttyH 2 S 04 /l«H 2 S 04 /H 2 . ,Pt .in 

tsmiurmUd uJulion . i I*. 

of hydro,*) 

and from this the normal potential OE*Au ->• Au’’’ is found to have 
the value + 1-39 volt. From measurements of the values for E of the 
concentration element.,; ; . c , 

Au/Au 2 (S 04 )s/Au 2 (S 0 4 ) 3 /Au 
c \ *2 

evidence is obtained-to show that gold in a solution of auric sulphate is 
preponderantly in'the form of An’’*. ; ,$•*r ' ■ 
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2651. The Viscosity of Rubber ( dissolved) in Ordinary and in Acidified 
Benzene. O. de Vries. (K. Akad. Amsterdam. Proc. 27. 3-4. PP 249- 
204. 1924.) —Particulars are given of the change in the values of the 
viscosity of a 1% solution of various samples of rubber dissolved in 
benzene, produced by the addition of hydrochloric acid the resulting 
concentration of the acid being of the order 5-10 milli-mols. per litre, 
is suggested that in the case of inferior grades of rubber valuable infor¬ 
mation concerning the quality of the rubber is afforded by a determina¬ 
tion of the viscosity of the acidified solution in ben/enc. J. b. i. 


2652. Note on the Stability of Laminar Shearing Motion in a J'' sc °“ s 
Incompressible Fluid. R. V. Southwell. (Phil. Mag. 48. pp. 540-55.1 
Sept., 1924. Paper read at the Intcrnat. Congress. Delft. 1924.) Using 
the results of a recent paper [Abstract 2000 (1924)) upon the instability 
of a flat-elastic strip under shear, in which the energy equation (but not 
all the differential equations) is formally identical with that for disturbed 
laminar motion of a viscous fluid between two planes, and Rayleigh s 
method, if investigating the stability by means of an approximate solution 
(which always over-estimates the stability). Orr s result that the fluid 
motion cannot be unstable if the Reynolds number is less than 1/7 is 
reproduced. It is pointed out that the question as to whether or no 
the motion becomes unstable for higher values of the Reynolds number 
is. unfortunately, still left open. ’ 


2653. Discontinuous Flow of Liquid Fast a II edge of Small Angle. 
W. B. Morton. (Phil. Mag. 48. pp. 4G4-47G. Sept.. 1924.)— A con¬ 
tinuation of a former paper (Abstract 1303 (1921)) giving some approxi¬ 
mations for a wedge of small angle. Provided the direction of the free 
stream divides the angle of the wedge in a ratio depending upon the 
lengths of the sides, the stream divides at the apex, and runs along two 
faces of the wedge. If this is not the case, however, and the stream 
divides at a point on one of the faces, the stream line leaves the wedge 
at the apex, bends round, and may hit the other face, enclosing a pocket 
of dead water. Using approximations for a wedge of small angle, the 
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limiting length of the second face, the thrust, and the variations of ( 
velocity along the face are calculated. W. G. B. 

2654. Properties of Powders. Part VIII. Influence of Velocity of 
Compression on Apparent Compressibility. E. E. Walker. (Faraday 
Soc., Trans. 19. pp. 614-620; Disc., 620-622, March, 1924.)—When a 
powder is compressed in a cylinder by a constant load the velocity of 
compression is very high at first and then rapidly falls off. The relation¬ 
ship between the length of time for which the load has been applied and 
the velocity with which compression takes place is calculated from the 
equation 

Velocity of compression = — — = K't - 0,9 

where V is volume ratio, t the load, and K' the velocity coefficient. The 
author calculates the relationship between the resistance which a powder 
offers to compression by impact of known velocity (R.) and its resist¬ 
ance to a static load of known, duration (R*) from the equation 

1 1 w ^ cre v = * m P act velocity of falling 

weight in cm./scc., Q = quantity of powder in cu. cm., and gives the results 
in a table. The case of powdered ammonium nitrate is fully discussed, and 
figures are given to demonstrate that it is quite specially liable to shrink 
under the influence of prolonged external pressure and when acted upon 
by capillary forces. In the Discussion, E. P. Perman states that as the 
result of experiments he found the following: (1) No moisture, no 

shrinkage ; (2) rapid increase of shrinkage with increase of moisture ; 

(3) the greater the solubility, the greater the shrinkage. [See Abstracts 
193 and 194 (1924).] T. C. H. 

2655. The Representation in Finite Terms of Irregular or Polygonal 
Periodic Functions. L. Laboccetta. (Elettrotecnica, 11. pp. 442-452, 
July 5; 471-480, July 15. and pp. 496-502, July 25. 1924.)—To express 
polygonal functions in finite terms use is made of certain sirrtplejiis- . 
continuous functions. The discontinuous functions defined are : y - 1* 
where y is the integral part of any positive real number x ; Fr x = x — I* ; 

Cm x - (1 + Lr) — x ; Sgn x = x/\x\. The function expressed by 
y = i-i n and the analogous ones are defined as strips of definite position 
on a plane. Many polygonal periodic functions can be written down 
directly in terms of these functions and are at the same time more exact 
and less cumbrous than the large number of Fourier terms necessary to 
secure reasonable accuracy. For instance 

Fr(x/2n) = ir - 2(sin x + sin 2x/2 + sin 3*/3 + • • •) 

It also necessary to secure a means of making some portions of_ a 
polygonal function disappear. This is most simply done by multiplying 
by another discontinuous function which has the constant value + 
except over the range of x, for which the function is to disappear an 
in these regions to be unVeal. Such functions are written in general" 
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Two functions which are periodic and fulfil these conditions are :— 

$[1 + (_ l)l«+i»] -f iifl - (- l)*“+»»] 

J[(l + Sgn sin ttx )] + 4i[(l — Sgn sin ttx)] 


The methods of describing’"and building up polygonal functions are out¬ 
lined and frequently illustrated, and similar methods applied to functions 
involving portions of continuous functions with discontinuities or poly¬ 
gonal regions between them. Under this head are dealt with trains of 
pulses and harmonic waves limited or reflected regularly. Methods for 
introducing continuous changes of scale, amplitude or frequency are 
dealt with and the processes of differentiation and integration of these 
functions described. A large number of examples are given throughout 
the paper. A. Wh. 


2656. On a Suitable Example of Motion in the General Problem of 
Three Bodies. K. Bohlin. (Astron. Iakttagelser och Undersokningar, 
Stockholm, 10. 11. [32 pp.] 1923.)—A brief introduction to periodic 
orbits in the problem of three bodies is first given, following which comes 
the discussion, with numerical calculations, of the special case where 
masses and distances are of the same dimensional order, a problem first 
treated by Strdmgren. The paper is entirely mathematical and 
accompanied by voluminous numerical data. H. H. Ho. 


2657. Singular Points of Circular Cubics. H. Pflieger-Haertcl. 

(Archiv f. Elektrot. 13. pp. 396-402. Aug. 22, 1924.)—A purely mathe¬ 
matical paper, in which the author develops a method of determining 
the nature of the singular point of the curve represented by the equation 
W (A + Bw + Cu 2 )/(D + Em), wherein A. B. C. D. E and W arc 
complex numbers and u is a real parameter. A. H. 

2658. Concerning the Paradox of d’Alembert. U. Cisottl. (Comptes 

Rendus, 178. pp. 1792-1793. May 26. 1924.)—States as a general con¬ 
clusion of his researches that " for all fluids (compressible or not), provided 
the velocity does not exceed a certain limit ” (the limit depending, for 
liquids, upon density, pressure, and field of force, and in addition, for 
compressible fluids, upon the velocity of sound) the theorems grouped 
under the general term “ paradox of d’Alembert " hold. W. G. B. 

2659. Researches on Metal Crystals. (I) Elastic Constants, and 
III) Specific Heat and Electrical Resistance of Zinc and Cadmium. 
E. GrUneisen and E. Goens. (Zeits. f. Physik. 20. 4-5. pp. 235-249 
and 250-273, 1924. From the Reichsanstalt.)—By placing a small 
crystal upon the surface of the molten metal, and drawing it up through 
a hole in a mica sheet floating thereon, a bar of metal, with the crystalline 
axis inclined at a constant angle to the axis of figure, and of approxi¬ 
mately circular cross-section (20 cm. long. 0-25 cm. diam.) is obtained. 
The inclination of the axis may be measured by the angle of fracture, 
by X-ravs and by the coefficient of linear expansion. The moduli of 
elasticity were measured: Young's modulus by clamping centrally and 
determining the frequency of vibration, the shear modulus by static 
torsion From the results, for a series of angles of inclination, the five 
elastic constants were calculated. In the second part these results 
are used to calculate the effect of anisotropy upon the specific heat, as 
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deduced from Born’s theory, and also to the anisotropic electrical 
resistance. Good agreement with experiment is obtained. W. G. B. 

2660. Atomic Theory. M. Born. (Elekt. Zeits. 45. pp. 889-897, 

Aug. 21, 1924. Paper read before the Verband. Deut. Elektrot., Dresden, 
Aug., 1924.)—This paper contains a comprehensive review in nine sections 
of the present position of the atomic theory. § 1 deals with the periodic 
system of the elements. § 2 discusses the fundamental laws of atomistic 
mechanics. § 3 investigates the connection between the energy change 
of atoms and the wave-lengths of the emitted and absorbed light, and 
thereby briefly considers the quantum theory. § 4 is devoted to the 
spectrum laws. § 5 describes the Bohr theory of the hydrogen atom. 
§ 6 deals with the fine structure of spectral lines and with the Zeeman 
and Stark effects. § 7 is occupied with the spectra of the higher atoms 
and the true quantum numbers, leading in § 8 to a consideration of the 
structure of the periodic system. § 9 finally deals with the limits to the 
present theory. The gaps in the current state of quantum mechanics 
are referred to, and the necessity emphasised for a physics of discon¬ 
tinuity with difference equations in place of the classical differential 
equations. The final paragraph is devoted to the structure of the nucleus. 
The paper itself is an admirable risum6 of the subject in concise and 
readable form. H. H. Ho. 

2661. Diameters of Atoms of the Inert Gases. J. E. Calthrop. 

(Phil. Mag. 48. pp. 79-81, July, 1924.)—On the whole the evidence of 
refractivity seems to be in favour of the W. L. Bragg diameters as 
againsr the Davey diameters. A. D. 

2662. Applicability of the Quantum Theory to the Magnetic Field. 
W. Gerlach and O. Stern. (Ann. d. Physik, 74. 8. pp. 673-699, Aug., 
1924.)—The description of previous work in more expanded form [see 
Abstract 2055 (1922)]. The work forms an experimental proof of the 
Debyc-Sommerfeld quantification ih the magnetic field, and shows that 
the silver atom in normal condition contains one Bohr magneton. G. E.A. 

2663. Atomic Magnetic Moments. W. Gerlach and A. C. 
Cilliers. (Zeits. f. Physik. 26. 2. pp. 106-109, 1924.)—The paper is 
a continuation of the work of Gerlach and Stem [Abstract 2055 (1922)] 
on the determination of the magnetic constants of single atoms under 
normal conditions. A stream of atoms is driven through small holes in 
two screens and emerges as a ray into a magnetic field several centimetres 
long. Finally the ray is incident on a small plate. The magnetic field 
used was about 12,000 Gauss. The apparatus was altered to eliminate 
the previous difficulties and duplicated. In the first case a magnetic 
field length of 3 cm. and total ray length of 9 cm. was used, and in the 
second case the magnetic field length was 4-6 cm. and the atomic stream 
path 15 cms. long. The effect of the influence of a magnetic field of 
force on atoms of silver, copper, gold, thallium, lead, tin, and bismuth 
was investigated. The results showed that under normal conditions 
copper and gold atoms have a magnetic moment equal to that of the 
Bohr magneton, thallium has a magnetic moment of its atom less than 
that of the Bohr magneton, lead is non-magnetic, silver is just affected, 
tin and bismuth gave inconclusive results and are the subject of further 
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work. Ag. Cu. Au. TI. and Pb gave quite definite results which were 
in agreement with theoretical anticipations. S. G. B. 

2664. Atomic Structure and the Disintegration of Atoms. M. v. Laue. 
(Zeits. Vereines deutsch. Ing. 68. pp. 769-773. July 26. 1924.)—A lecture 
delivered before the Berlin branch of the Yerein. tracing the history of 
the atomic theory, with special emphasis on the relation between the 
results of spectral analysis and the Bohr model, including, of course, the 
X-ray spectrum. There are a number of very useful explanatory diagrams, 
and the paper gives a very clear general view of the subject. 1 he author 
speaks of Balmer. who gave the first elucidation of the hydrogen spectrum, 
as a numerical mystic, who sought everywhere in nature for a connection 
with numbers ; in the course of this somewhat fantastic search he 
made this great discovery. Calling attention to the difficulties involved 
in the modern theory, he concludes by saying that, whatever the future 
developments may be, the conquests of the Bohr theory can never be 
lost to science. N. A. 


2665. Characteristics of Electrons in Atoms. R. A. Millikan. 
(Science. 59. pp. 473-476. May 30. 1924 )—A recapitulation of the 
evidence in favour of orbital rather than stationary electrons. As well 
as past work, stress is laid on recent work by Millikan and Bowen. By 
producing " hot sparks " in high vacua, the valency electrons can be 
successively stripped from the atoms of the lighter elements and the 
case of a single electron and a nucleus studied. The theory of this case 
has been well developed by Sommerfcld, and the results are in complete 
accord with the orbital theory. A discrepancy appears, however, to 
exist between the types of orbits existing in atoms and the orbits which 
have been postulated to exist in much recent theory. A. Wh. 


2666. Electrons and Atomic Structure. R. A. Millikan. (Chem. Soc., 

J. 125. pp. 1405-1417, July. 1924. Faraday Lecture.)—The direct 
demonstration and measurement of the electron by the oil drop method 
is described and the theories of the electronic structure of atoms outlined. 
The correctness of the orbital theory has been further substantiated by 
the recent work of Bowen and the author on the spectra of atoms stripped 
of all but one of their electrons. Thus the case of a progressively increasing 
nucleus with a single rotating electron has been compared with theory. 
The agreement is exact. Compton’s application of the conservation of 
momentum and the quantum theory to the scattering of ether waves 
by electrons is noted as evidence in favour of the localised nature of 
quanta of radiation. (See preceding Abstract.) A. Wh. 

2667. Atomic Structure and Radiations. R. A. Millikan. (Nature, 
114. pp. 141-143, July 26. 1924. Abstract of three lectures delivered 
at University College, London. June, 1924.)—The first lecture is concerned 
with recent work tending to fill up the gap between ultra-violet and 
Rontgen radiations. By dealing with stripped atoms, Bowen and the 
author have been able to deal with such a simple series of structures 
that it has been possible to apply Rontgen-ray relations in the field of 
optica. (See preceding Abstracts.) Though there still exists a gap of 
nearly three octaves where no radiation has been observed, it is now 
possible to calculate across the gap and to predict the properties of the 
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radiation within it. New ideas have to be introduced as to the form 
and arrangement of the electronic orbits. The third lecture deals with 
the penetrating radiation in the atmosphere. From measurements of 
the radiation at various altitudes, both within and without lead-shielded 
vessels, the conclusion is drawn that there is no evidence of any radiation 
of other than local origin. The absorption coefficient of the radiation 
indicates that it is little harder than the y-radiation from ordinary 
radio-active materials. The presence of increased concentrations of 
radio-active material in the upper atmosphere is not explained. A. Wh. 

2668. Dimensional Analysis. E. Buckingham. (Phil. Mag. 48. 

pp. 141-145, July, 1924.)—The paper is a criticism of N. Campbell’s 
recent paper on the subject [Abstract 1059 (1924)], with much of which 
the author agrees, but considers that the final impression it leaves is 
false, owing to its exaggeration. The reports of the National Physical 
Laboratory and the records of experimental work by the staffs of the 
Engineering and Aerodynamics Departments show that dimensional 
analysis is a very valuable tool. Its employment for deducing new 
relations in pure physics without laborious investigation, which, it was 
evident beforehand, would involve unknown constants, was the one 
most used by the late Lord Rayleigh, and in Rayleigh’s hands it proved 
most valuable. But this is the kind of problem in which mistakes in 
its use are most likely to be made by the ordinary investigator. Its 
main value is as a guide in planning experimental work and in analysing 
and explaining the observed results. It is most useful in technical physics 
where complex problems depending upon many variables may be pressing 
for solution, even if the immediately available solution be only a rough 
approximation. G. W. de T. 

2669. Conservation of Impulse during Stimulation- and Ionisation- 

Shock. G. Joos and H. Kulenkampff. (Phys. Zeits. 25. pp. 257-263, 
June 1, 1924.)—Let W 0 be the initial energy of an atom, W 2 its energy 
after impact but before emission, and W, its final energy after emission ; 
then, for a frequency v, hv = (W 2 — Wj) under the condition that 
$mv 2 (W 2 — W 0 ). It is of advantage to assume also the conservation 
of impulse ; in the case of impact with an electron this leads only to a 
small correction, but in the case of canal-rays the correction is important. 
With small relative velocities the whole atom is affected ; slow canal-rays 
must travel with at least twice the velocity of electrons which produce 
the same stimulation, and such a shock is associated with a more rapid 
communication of velocity to the atom affected. With greater relative 
velocities, single electrons in the atoms are displaced ; the atom as a 
whole is not displaced ; the limiting velocity for stimulation stands 
considerably higher. Between these extremes we have intermediate 
cases. » i , t A. Di 

2670. Central Orbits in Relativistic Dynamics treated by Hamilton- 
Jacobi Method. G. Temple. (Phil. Mag. 48. pp. 277-292, Aug., 1924.)— 
This paper consists of two parts. In Part I the author gives an exposition 
of a process of integration applicable in particle dynamics on any 
relativistic theory, and forming the appropriate generalisation of the 
methods of Hamilton and Jacobi in classical mechanics. The author 
points out that in the treatment of the Bohr H atom according to the 
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restricted relativity theory, Sommerfeld has made use of this method, 
but so far it has not been employed in general relativity theory. The 
reduction of particle dynamics according to general relativity to a system 
of canonical equations is here effected without having to make any 
hypothesis regarding the actual form of the laws of gravity and of 
electro-magnetism. In Part II the author discusses the problem of 
planetary motion, making the usual assumptions that the sun is at rest, 
and that perturbations due to the attraction of planets other than the 
one whose motion is considered may be neglected, according to (a) 
Einstein’s law; (6) Whitehead’s first law. expressible in integral form ; 
(c) Whitehead’s second law. expressible by two sets other than Einstein s 
of differential tensor equations (see Whitehead's Principle of Relativity, 
pp. 86-87). Whitehead has shown that these four sets of tensor equations 
fulfil the general requirements—to have no arbitrary reference to any 
one particular time-system, to give the Newtonian term of the inverse 
square law, and to yield the small corrections which explain various 
residual results which cannot be deduced as effects of the main Newtonian 
law—and give results differing only by amounts which so far appear 
too small for discrimination by observation. It is shown in the present 
paper that, on the assumptions made, the formula? (a) and [b) arc exactly 
equivalent and that the equations of type (c) involve an arbitrary function 
which can be chosen so as to yield the same equation as (<i) and ( b ). 1 hus 

no observations of the forms of planetary orbits can discriminate between 
the three types. The author calls attention to the fact that the method 
here developed of treating the problem of central orbits according to 
relatavistic theories has the two advantages of dispensing with the 
tedious calculation of the Christoffcl 3-indcx symbols and focussing 
attention at once on a differential equation, the solution of which furnishes 
the key to the whole problem. A bibliography of fifteen original papers 
referred to is appended to the paper. G - W - dc l - 

2671. Relativistic Motion of Rigid Solid. G. Lemaltre. (Phil. Mag. 

48. pp. 164-176. July. 1924 )—The author points out that: (1) l ho 
variable motion of a solid and the correlative aspects of phenomena for 
moving observers is a problem intermediate to the initial relativity theory 
of uniform motion and Einstciu’s general theory; (2) the fundamental 
paper on this question is that in which M. Born fsec Abstract 1723 
(1909)] fixed the general meaning of the interval and its spacio-temporal 
interpretation as retained in Einstein’s general theory ; (3) the necessity 
of rejecting the Euclidean geometry in Born's conception has been pointed 
out by Ehrenfest; (4) G. Herglotz has investigated the most general 
possible movement of a solid in a Galilean field. The author summarises 
these results and deduces developments and applications suggested by 
the present point of view of Einstein relativity. G. W. dc 1. 

2672. The Earth as Reference System for Light Rays. L. Silber6tcin. 
(Eastman Kodak Co. Research Lab., Comm. No. 212. Phil. Mag. 48. 
pp. 395-404. May, 1924.)—The author’s aim is to emphasise the need 
for our earth's experimental investigation as a reference system, without 
bias regarding Einstein’s relativity theory. As a mechanical reference 
frame it is anisotropic and symmetrical around an axis practically fixed 
in the frame, and typified, say. by the Foucault pendulum, gyrocompass, 
and projectile, ' behaving as determined by Newton’s rotating axis 
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equations condensed, if r be the position vector of a particle, in the 
vector equation ( d/dt -f- Vi) 2 r = F, or, developed, r = F — 2Vu>r -f- toh 
— u»(u»r) ... (1), where w is a constant along the axis of symmetry (SN) 
and to is its absolute value. Regarded intrinsically, from a purely 
terrestrial point of view, the constant to is simply an ascertainable physical 
directed magnitude pertaining to the earth as a reference frame for 
mechanical phenomena. Of the two supplementary terms in (1), the 
first normal to the earth’s axis and the particle’s velocity is known as 
the " Coriolis force,” and the remaining two. amounting together to a 
transversal vector away from the axis of size to 2 p as the " centrifugal 
force ” per unit mass. Thus far the earth as a mechanical frame. 

As an optical reference frame the Michelson-Morley experiment shows 
that if three points, O. A, B, be marked on a stone slab—the support of 
the interferometer, with O A and O B roughly equal and perpendicular to 
each other—then, whatever the phase difference or time lag between the 
light signalling O A A O and O B B O in one orientation of the slab, it 
remains the same for any other. Consider now 1, 2, 3, three non-collincar 
fixed terrestrial stations. Let two light signals be sent over the courses 
12 3 1 and 13 2 1. Is there anytime lag A = /, 2 3 1 — *1 3 2 1 * Antl 
if there be, on what circumstances does it depend and in what manner ? 
A reliable and definite answer to these questions can be obtained only 
from experiment on a somewhat large scale. Preliminary experiments 
to that purpose are now in progress at Passadena under the direction of 
Michelson. 

The author goes on to. argue that in the case of a material ether 
there would be no definite relation between the mechanical and optical 
properties of any reference framework, while Einsteins relativity theory 
intimately ties mechanical and optical phenomena together. He also 
mentions that, according to Einstein’s admission (in a private con¬ 
versation), the correct values of the centrifugal and the Coriolis force can 
be obtained only by accepting his cosmological hypothesis of a closed 
space and uniform mass distribution throughout it. The rotation of the 
whole universe around us will then give the desired result. G. W. de T. 

2673. General Conditions which must be satisfied by a Theory of the 

Universe conforming with the General Theory of Relativity. L6meray. 
(Coroptes Rendus, 179. pp. 98-100, July 16. 1924.)—The author discusses 
very briefly the significance of matter and radiation, physical straight 
lines, geodesics, inertia, density and Newtonian attraction in a universe 
conforming to the general theory of relativity. The author suggests 
that stellar movements probably arise owing to lack of uniformity in 
the stellar distribution. J. S. G. T. 

2674. Mass as a Function of Gravitational Potential. A. H. Bucherer. 
(Zeits. f. Physik, 26. 3. pp. 188-196, 1924.)—A previous paper by the 
same author [Abstract 821 (1923)] determined the mass of a light quantum 
in a gravitational field and then, by deduction, the formula so found 
was assigned to ordinary matter. The relation given was 


where M 0 = the mass and c 0 = the velocity of light outside the range 
of the gravitational force of which the potential is —/z/r. The object of 
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the present work is to establish this formula directly without reference 
to the light quantum theory-. The author accomplishes this by means 
of considerations of energy and the theory of atomic structure. I he 
mass of a body existing in a gravitational field is deduced as a function 
of the gravitational potential, and the result is then applied to light 
radiation. From a knowledge of the kinetic energy of a moving body 
in a gravitational field the radial energy' and the transverse energy along 
two directions are established in accordance with the law of the 
parallelogram of velocities, and along with it are considered the other 
established formula; for the variation of mass. It is shown that the 
experimentally determined dependence of mass on velocity can be 
established from planetary motion, apart from the Einstein theory. 
The expressions finally established are strictly orthodox, and are applied 
to determine certain factors regarding the motion of planets. 1 he results 
of such calculations are given. S. G. 13. 

2675. Superficial Distribution of Matter in the Einstein Theory of 
Gravitation.' K. Lanczos. (Ann. d. Physik. 74. C. pp. 518-540, July, 
1924.)—In a recent paper (sec Abstract 1405 (1924)) Sen has dealt with 
a problem arising in an earlier publication by the author under the above 
title [see Abstract 1052 (1923)). viz. the boundary conditions of the 
gravitational field at discontinuous surfaces. Sen apparently has mis¬ 
understood the author’s procedure (which the latter ascribes to its 
brevity), and states that the Lanczos equations all refer to a definite 
system of coordinates, which, according to him, should have a physical 
significance. The evaluation of the various transformations is also 
stated to involve analytical difficulties, and Sen claims his work to give 
no preference to any system of coordinates, the results therefrom being 
absolutely general. Sen considers the Lanczos idea of a metrical proof 
in a coordinate system which is not normal to be superfluous. 1 he 
author claims in reply that his tenser equations arc valid for every 
coordinate system, while they contain the results of a mathematical 
development which has only been worked out by Sen for its preliminary 
stages. In order to clear up possible errors, but mainly because the 
possibility of a superficial distribution of matter can be of specific signifi¬ 
cance from the standpoint of a general theory of matter, the method 
by which the earlier published results were obtained is now given at 
greater length. The paper is mathematical tliroughout, and solves the 
problem of the general boundary conditions of the gravitational field at 
discontinuous surfaces. H. Ho. 

2676. Determination of the Curvature Invariant of Space-Time. 

H. Weyl. (Phil. Mag. 48. pp. 348-349, Aug., 1924.)—This is a reply 
to criticisms in a recent paper by L. Silberstcin (see Abstract 2203 
(1924)) criticising the author’s work in an earlier paper [see Abstract 
1774 (1923)1 and in Raum-Zeit-Materie, 5th ed., 1923. The author 
points out that Silberstcin’s allegation, that " tan ” should be ” sin ” 
in the author's formula for the displacement towards the red is incorrect. 
He also defends his expressed views on de Sitter’s World against Silbcr- 
stein's disparagement of them.. G. W. de T. 

2677. Qua)itum Mechanics. M. Born. (Zeits. f. Physik. 2(5. 0. pp. 
379-396, 1924.)—The work contains an investigation which seeks to 
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establish the first step in quantum mechanics, as to which of the main 
characteristics of the atom (stability, resonance, fulfilment of the corre¬ 
spondence principle, etc.) furnishes adequate basis for calculation and 
originates from the classical laws in a natural manner. The theory 
includes the dispersion formula of Kramer and shows a close relationship 
to Heisenberg s formulas for the rules concerning the anomalous Zeeman 
effect. I he paper contains a mathematical discussion of the classical 
theory for the disturbance of a system exposed to external forces, the 
classical dispersion theory, and a review of the quantum theory in relation 
to the same problems. S. G. B. 

2678. Gravitational Anisotropy in Crystals. P. R. Heyl. (Bureau 

of Standards, Sci. Papers No. 482. pp. 307-324. 1924.)—The present 
paper sets out the results of experiments in which various crystals were 
weighed in different axial orientations in the earth’s gravitational field. 
Six crystals were used in all, representing the five nonisotropic crystalline 
systems. The reason for doing so was to see whether any gravitational 
anisotropy could be detected, a result which, if found, would contradict 
Einstein’s fundamental postulate in his theory of gravitation, viz. that 
in effect gravitation and inertia are identical in their nature and indis¬ 
tinguishable. It is here assumed that the inertia of such crystals as 
were used is independent of axial direction. It was found that, to an 
accuracy of 1 part in 10 9 . the weights of the crystals were independent 
of orientation, so supporting Einstein to this extent. A gravity balance 
by Ruprecht of Vienna was used, and the high accuracy of 1 in 10 9 was 
obtained by substituting for the ordinary method of arrest, by raising 
the beam, a clamping device due to Poynting [Roy. Soc., Proc. 28. pp. 
2-35. 1878], but apparently little used. M. A. G. 

2679. Hertzian Waves and the Atmosphere. J. Gulnchant. (Comptes 

Rendus, 179. pp. 327-330, Aug. 4. 1924.)—Mirage effects are more readily 
attained with the long waves than with the short light-waves. The 
normal fall-off in the index of refraction with increasing heights ought 
to bring Hertzian waves down. The long waves, directed tangentially, 
travel along the surface of a conducting earth ; the explanation of mirage 
effects is then the same as that for optical mirage from horizontal layers 
parallel to a plane surface. Normal meteorological variations in the 
atmosphere then explain momentary changes in the intensity and direction 
of the transmission, the difference between day and night reception, the 
influence of the seasons, etc. A. D. 

2680. The Significance of Regression Equations in the Analysis of 
Upper-Air Observations. F. J. W. Whipple. (Roy. Meteorolog. Soc., 
J. 50. pp. 237-241 ; Disc., 241-243. July, 1924.)—The application of 
regression equations is discussed, and particular attention directed to 
those relating to upper-air data. It appears that no information is 
obtained from the regression equations beyond that furnished by the 
primary correlation coefficients, and that the regression equation cannot 
show which of two contemporary phenomena is cause and which effect. 

A. W. L. 

• 2681. The Transparency of the Atmosphere. J. Cabannes. (Comptes 

Rendus, 179. pp. 191-193, July 21, 1924.)—Coefficients of atmospheric 
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transparency for various wave-lengths at Mt. Wilson (surface pressure 
= 623-5 mm.) have been calculated by the author ; for this computation 
it is assumed that the absorption in the atmosphere is due solely to the 
scattering of light by molecules of oxygen, nitrogen and argon. The 
results are in good agreement with those obtained by 1-owle, but are all 
slightly higher. The difference is greatest for wave-lengths around 
6000 A., which coincides with the maximum absorption of ozone ; the 
observed difference could be explained by the presence of a layer of ozone 
of thickness 0-45 cm. under normal pressure. A. \\. L. 

2682. The Diurnal Variation of Atmospheric Pressure at Eskdalemuir 
and Castle O'er. Dumfries shire. C. Chree. (Roy. Meteorolog. Soc.. 
J. 50. pp. 245-247. July. 1924.)—In reply to a paper by A. C. Mitchell 
[Abstract 2018 (1924)] the author points out that (1) When dealing with 
the diurnal variation of pressure the comparison of the barograph with 
a standard mercurial barometer is not absolutely necessary, provided 
the scale value is correct and the compensation for variations of temperature 
accurate ; (2) although the mean values from all years show the minimum 
pressure in the morning at Castle O’er and in the afternoon at Eskdale¬ 
muir, the Eskdalemuir records for some individual years show the minimum 
in the morning. Fourier coefficients are given for each station and 
for an ideal station, the latter being found by taking the arithmetic mean 
of the inequalities from 1871 to 1882 for seven British observatories. 

A. W. L. 

2683. The Semidiurnal Oscillation of the Atmosphere. S. Chapman. 

(Roy. Meteorolog. Soc., J. 50. pp. 1G5-193: Disc.. 193-195. July. 1924.) 
—The semidiurnal barometric variation is investigated dynamically, and 
it is concluded that the period of this oscillation is approximately the 
same as one of the free oscillations of the atmosphere ; consequently 
the variation is magnified by resonance, probably about a hundredfold. 
The difference between the free and forced periods is about four minutes. 
The relative values of the thermal and tidal influences of the sun in 
producing this oscillation arc obtained, assuming that the thermal 
oscillations are produced by temperature variations conducted upwards 
from the ground ; the thermal part of the oscillation is found to be 0-7 
of the tidal part. This ratio may require modification when accurate 
average values of the temperature variations in the upper air and the 
eddy conductivity are available for the whole earth. The phase of the 
oscillation might be accounted for by combining a thermal component, 
135° in advance of the sun. with an equal tidal component in phase with 
the sun. The discrepancy between the variation of the oscillation with 
latitude and that obtained theoretically by Margules may be due to 
the variation of the mean air temperature with latitude. A. W. L. 

2684. Ascensional Rate of Pilot Balloons. W. C. Haines. (Monthly 
Weather Rev. 62. pp. 249-253. May. 1024. Paper read before the Am. 
Meteorolog. Soc., Washington. 1024.)—From a study of over 800 double 
theodolite observations of balloons with a rate of ascent of 180 m./min., 
the variations in the ascensional rate at different levels have been obtained. 
Between the level where convection ceases (around 2000 m.) and about 
5000 m. rates of ascent slightly above 180 m./min. are obtained from both 
morning and afternoon observations. The difference increases at higher 
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Ca ^ SCS an err ° r 0f about 5 % in the ^titude at 15,000 m. 
At 2000 m. about 7o % of the individual observations, and practically 
all morning observations taken before convection is set up. are within 
10 % of the assumed rate ; the departure from the assumed rate is less 
44 higher levels. It is concluded that the ascents continued at the 
ordinary rate, either until the balloons burst or were lost to view ; no 
cases have been found where the balloons reached a state of equilibrium 


with their surroundings and floated. 


A. W. L. 


2685. Is the Accuracy of Precipitation Measurements dependent upon 
the Area of the Receiver of the Gauge ? F. Lindholm. (Monthly Weather 
Rev. 52. pp. 262-264. May. 1924. From the German.)—An account of 
a comparison at several stations in Sweden of rainfall and snowfall as 
registered in gauges of 1000 cm. 2 and 200 cm. 2 receiver area. The object 
was to test the suitability of the smaller gauge for use in Sweden, and the 
conclusions drawn arc (1) that the accuracy of measurement of the 
amount of precipitation with the smaller gauge is equal to, or perhaps 
a little greater than, that of the larger old Swedish gauge ; (2): that the 
smaller gauge is well adapted to snow measurement. M. A. G. 


2686. The Rotation of Melting Ice suspended in Benzene. H. B. 
Hachey. (Frank. Inst.. J. 197. pp. 825-827, June, 1924.)—Referring 
to a paper by Artom (Abstract 836 (1923)), in which it is stated that 
a piece of ice suspended in benzol begins to rotate and continues the motion 
as long as the suspending thread permits, the author has repeated this 
experiment, using as the suspending fibre silk out of which all twist was 
removed by attaching a weight and leaving it in suspension over night. 
The conclusion reached is that ice. when suspended in benzol, does rotate, 
and that the speed of rotation decreases as the temperature of the benzol 
is lowered, and all rotation ceases when the benzol is at the temperature 
of 0° C. When gasoline is used instead of benzol rotation also takes place, 
but not when water is used. The author considers that the rotation is 
probably due to the downward flow of the denser water from the melting 
ice producing a torque, owing to its irregular motion reacting on the ice, 
particularly when the surrounding medium is much less dense. J. J- S. 

2687. Cloud Forms. Weather Bureau Cloud Committee. (U.S. 

Dept, of Agriculture, Weather Bureau [22 pp.), 1924.)—Photographs of 
cloud forms, together with height-frequency diagrams and definitions 
taken from the International Cloud Atlas, are given. A. W. L. 

2688. Periodicities, Solar and Meteorological. C. Chree.. (Roy. 
Meteorolog. Soc., J. 50. pp. 87-97, April, 1924.)—An address, delivered 
before the Royal Meteorological Society, in the first part of which sunspot 
frequencies for the years 1856 to 1921 from Wolfer’s lists are compared 
by various methods with mean yearly values of data relating to Kew 
Observatory, comprising rainfall, mean temperature, daily range of 
temperature, sunshine, cloud, mean potential gradient, absolute daily 
range of magnetic declination, and diurnal inequality range of declination 
and horizontal force for such periods as they are available. The points 
which the writer wishes to bring home to meteorologists are the two 
facts: (1) That an important sunspot relation does exist in at least 
one terrestrial element—terrestrial magnetism ; (2) that, at least in these 

.VOL. XXVII.—a.—1924. .429!—.a—.iiyxx .JOV 



GENERAL PHYSICS. 


957 


latitudes, the evidence for a connection between sunspot frequency and 
meteorological phenomena is of quite a different order from the evidence 
for a connection between sunspot frequency and terrestrial magnetism. 

The considerations put forward amply illustrate the danger of drawing 
conclusions in such matters as the present from data extending over an 
insufficient period of time. In the latter part of the paper the author 
is able, however, to suggest for trial a method by which relationships 
between sunspot frequencies and terrestrial elements might be investigated, 
even though data for the latter may not be available for a number of 
eleven-year periods. Reasons are given for supposing that the difference 
between magnetically quiet and disturbed days is essentially of the same 
nature as the difference between quiet days at sunspot minimum and 
quiet days at sunspot maximum. Granting this,-any meteorological or 
electrical element which exhibits the eleven-year period will, it is reason¬ 
able to suppose, behave differently on days that are magnetically quiet 
and on days that are magnetically disturbed. The suggestion is, then, 
that the meteorological data relating to the two classes of days, as 
well as the electrical data, should be compared at a number of places, 
it being noted in this connection that the international lists issued from 
De Bilt will in future specify five disturbed clays a month as well as five 
quiet days. It is shown to be desirable to commence with places in 
high magnetic latitudes as being most likely to yield best results. M. A. G. 

2689. Snowfall Measurement. A. Rostad. (Geofysiskc Publ. 3. 2. 

(15 pp.), 1924.)—Use was made of the lines of hoar-frost to find the 
stream-lines of wind in the neighbourhood of the snow-gauge. The 
vertical component of the streaming may rise to a considerable amount, 
introducing large errors in the determination of snowfall, but the effect 
is quite unimportant in the case of rain. Diagrams arc given showing 
the disposition of the stream-lines in different cases, including the use 
of screens with the apparatus. For snow readings the protected gauge 
should be placed on horizontal ground, or. where this is not possible, 
the screens should be placed parallel to the ground. W. A. R. 

2690. Observations and Investigations made at the li I tie llill Meteoro¬ 
logical Observatory. A. McAdie. (Annals of the Astron. Obs. of Harvard 
Coll. 80. 4. pp. 203-232, 1924.) 

2691. Glaisher Stand versus Stevenson Screen ; a Comparison of T'orty 
Years' Observations of Maximum and Minimum Temperature as recorded 
in Both Screens at Camden Square, London. I. D. Margary. (Roy. 
Meteorolog. Soc., J. 60. pp. 209-223; Disc.. 223-220, July. 1924.)— 
The records considered cover the period from 1881 to 1920. If D 
represents the excess temperature in the Stevenson screen over that 
in the Glaisher, it is shown that: (1) A well-defined seasonal variation 
occurs in D (max.), shown both by the daily maxima and by the monthly 
means; the variation is from — 1-3° in summer to + 0-5° in winter. 
It is suggested that the mean monthly values of D (max.) might be used 
to render readings in the two screens intercomparable. (2) The values 
of D (min.) arc generally positive, and show no definite seasonal variation ; 
the average values obtained are -f 0-8 c for the period 1881-1905, and 
+ 1-3° for 1905-1920, the sudden change being attributed to a rearrange¬ 
ment of the instruments in the Stevenson screen. 
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Abnormally high values, both of D (max.) and D (min.) are generally 
associated with northerly winds. 

A further comparison between the two screens is being carried out 
at Kew Observatory. A. W. L. 


2692. North Sea Tides. J. Proudman and A. T. Doodson. (Roy. 

Soc., Phil. Trans. 224. pp. 185-219, May 30, 1924.)—This paper deals 
with the principal lunar semi-diurnal constituent of the tides (M 2 ). It 
is shown that the fundamental dynamical equations of the tides may be 
used to obtain the distribution of the surface elevations from the 
observational data available. The elevations, once known, enable the 
directions of co-tidal and co-range lines and also the distance apart of 
neighbouring members of these lines to be calculated. Further from 
the elevation gradients and the elevation of known points the elevation 
can be calculated all along the line. The calculations are applied to the 
North Sea and its more important channels. The data and the results 
are given on a series of charts. . W. A. R. 

2693. The Thermal State of the Earth. A. P. Socolow. (J. de 

Physique et lc Radium, 5. pp. 153-160, May. 1924.)—This paper is an 
attempt to derive the known thermal state of the earth from heat generated 
by radio-active content. The original condition of the earth is assumed 
to be quite cold—in fact, at absolute zero. The result of this analysis 
seems to show that the heat as at present manifested is not to be accounted 
for by the effects of radio-active processes alone. Some other source 
must be sought, but this need be neither the primitive heat of the Laplace 
hypothesis nor the heat of collision on the tidal hypothesis. The initial 
heat, once provided by radio-active disintegration, would be sufficient 
to initiate exothermic reactions among the varied chemical constituents 
of the crust. w - A< R ’ 


2694. Agincourt and Meanook Magnetic Results. 1922-1923. W. E. W. 
Jackson. (Roy. Astron. Soc. Canada. J. 18. pp. 265-270, June-July, 
1924.) 

2695. Magnetic Disturbance. 1924. A. L. Cortie. (Roy. Astron. Soc., 

M.N. 84. pp. 531-532. May. 1924.)—The magnetic disturbance of 
Jan. 29-30, 1924, was not of exceptional magnitude, but noteworthy 
for its occurrence during a period of great solar quietude. Further 
investigation shows that there was a disturbed area on the sun’s surface, 
but there was no parity in intensity nor correspondence in time between 
the phases of solar and terrestrial magnetic disturbance. $V. A. K. 


2696. Magnetic Observations during Solar Eclipse, 1923. D. L. 

Hazard. (Terrest. Magn. 29. pp. 57-71, June, 1924 .)—Magnetic 
observations during solar eclipse (Sept.. 1923) were especially made at 
Lompoc, California and also at the five stations of the U.S. Coast and 
Geodetic Survey. The magnetic elements are all given in a series of 
tables [Abstract. 1992 (1923)]. »■ W. A. R- 

2697. Applications of Modem Physics to Astronomy. H. N. Russell. 
(Roy. Astron. Soc. Canada, J. 18. pp. 137-164, April; 201-223, May, 
and pp. 233-263, June-July, 1924.)—This is a condensed report, written 
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by H. F. Balmer, of a course of lectures delivered at the University of 
Toronto, February, 1924. The distribution and distances of the stars 
are first dealt with, the chief methods of determining stellar parallaxes 
being briefly described. It is then shown how the diameters of stars 
have been calculated, from their colour-index and apparent brightness, 
by applying Planck’s law of radiation, and how these calculations have 
been confirmed by interferometer measurements of four giant stars. 
When the apparatus now under construction at Mt. Wilson is com¬ 
pleted, and many more stellar diameters have been observed, if the 
measurements agree equally well with calculation it will be possible 
to conclude’that the theory of black-body radiation holds for all stars, 
and the diameters of all can be determined. Methods of determining 
mass, pressure, temperature, absolute brightness, and density arc also 
discussed. 

It is next shown how modern theories of ionisation and the structure 
of the atom enable us to interpret stellar spectra, and an explanation 
of the constitution of the sun and the nature of sunspots is attempted. 
The sequence of stellar spectral types and the progress of evolution 
from giant to dwarf is described, and the age of the sun and the source 
of its energy is discussed. Some special problems and their possible 
solutions are then stated, viz. the clouds of calcium vapour which 
apparently exist between us and the hotter stars, Cephcid variables 
and the pulsation theory, white dwarfs, long-period variables, and nova;. 

Evidence is brought forward to show that the galactic nebula? of gaseous 
types, both diffuse and planetary, have lines in their spectra which are 
due to a known substance in an unknown state, and are shining through 
some form of excitation by neighbouring early 13- and O-type stars, while 
those which have stellar spectra shine by reflection from stars of later 
and cooler types, and the dark nebula* arc not near enough to any star 
to shine. The non-galactic nebula?, which arc chiefly globular or spiral, 
have stellar spectra, but arc believed to be luminous masses of gas shining 
by their own light; their forms and internal motions indicate that one 
type develops from another; and the calculated dimensions of a con¬ 
siderable number shows that they are much smaller than the Milky Way, 
and of about the size of globular star-clusters. 

Finally, it is suggested that the earliest stage of matter known to us 

is that of the dark nebula?, vast but exceedingly tenuous clouds of fine 

particles in turbid motion, which under the influence of gravity become 

gaseous, and gradually evolve into single or double stars, or, if very large, 

become globular and then spiral nebula;. A brief description of the 

planetcsmal theory, which accounts for the development of planets and 

satellites by tides on a slowly rotating sun, raised by a passing star, and 

of the special case of the earth-moon system, due to fission, concludes 

this sketch of the evolution of the universe. M. A. E. 

• 

2698. Durchmusterung of Selected Areas for South Declinations, 16°, 
30°, and front 46° to 90°. H. Shapley. (Astron. Obs. of Harvard Coll, 
Annals. 102. pp. 1-276. 1923, and 103. pp. 1-344. 1924).—These volumes 
are the second and third parts of the Durchmusterung. whose first part 
forms Harvard Annals 101. The plan of measurement and reduction 
was devised by the late Kapteyn, and has been followed in these 
volumes by van Rhijn, who writes the introductions to them. The 
reduction of the estimated diameters of the stellar images to photographic 
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magnitudes in the international system rests on photographic magnitude 
standards, determined at Harvard College Observatory, based on the 
polar sequence of Harvard Annals 71, No. 3, and the magnitudes are 
therefore not so well determined as those in the first part, since these 
standards do not contain stars fainter than 13-8, and extrapolation 
curves must, in consequence, be used for over two magnitudes. The 
probable error of the magnitudes isO 11 • 12. The number of stars in Harvard 
Annals 102 is 65,763, and in Harvard Annals 103 is 82,226. 

A. S. D. M. 


2699. Method of Extrapolation of Perturbations. B. V. Noumerov. 
(Roy. Astron. Soc., M.N. 84. pp. 592-601, June, 1924.)—If x,y, z denote the 
special coordinates, the fundamental formula of extjipolation (for x) in the 
case of perturbed motion is x 3 = x z (2 — o) — -f R 2 + f’jAtRg + /. 
where x = *(1 + AV/12T 5 ) ; o(l — a/12) 2 = k W/r 3 ; h » s the Gaussian 
constant; to the interval of integration ; r the radius vector ; R the effect 
of a perturbing planet; A 2 R 2 is the second difference of R at the second 
moment; and / is the correction for higher derivatives or differences 
beginning with the 6th order. If the interval of integration is rightly 
chosen, it is permissible to neglect the effect of these higher-order terms. 
In the Publications of the Central Astrophysical Observatory of Russia, 
vol. ii, Moscow, 1923. the author has given subsidiary tables for finding 
the interval of integration and for determining a, and has described three 
methods for augmenting the interval of integration ; in the present paper 
he develops the method of extrapolating the perturbations of the special 
coordinates, which is in the main similar to that of Enckc. He illustrates 
the method by an example of the motion of the planet Erato (62) taken 
from the work of Oppolzer, and finds that the divergence at the end 
of 25 steps of extrapolation docs not exceed 10 units of the 7th decimal, 
which are due to cumulative errors during the process of numerical 
integration. This method can be applied generally to finding the dif¬ 
ferences between two perturbed motions ; for instance, the perturbations 
caused by Saturn can be taken into account separately, or the systematic 
effect of higher-order terms may be neglected in the extrapolation of 


perturbed coordinates. 


A. S. D. M. 


2700. Maxima of Absorption Lines in Stellar Spectra. Second Paper. 
R. H. Fowler and E. A. Milne. (Roy. Astron. Soc., M.N. 84. pp. 499-515, 
May, 1924.)—The work summarised in a previous paper [Abstract 1810 
(1923)), applying the theory of high-temperature ionisation to positions 
of maximum intensity of absorption lines in stellar sequence of spectra, 
has been continued, using A. Fowler s recent discoveries of the series 
relationship of lines belonging to trebly-ionised silicon and to ionised 
carbon, and also some provisional estimates for other spectra, which are 
rapidly becoming available. The previous conclusion that the method 
indicates a temperature scale agreeing with observed temperatures for 
later-type stars, but giving much higher temperatures than were expected 
for early-type stars, is confirmed by these results for silicon and carbon. 
The main results of the new investigation are as follows : (1) The tempera¬ 
ture scale for early-type stars is roughly B2 16,500° ; B1 19,000° ; Bo-09 
26,500°; 05 more than 35,000°. (2) The partial electron pressure P« at 

maximum is the mean electron pressure at which a line originates. It is 
fixed by fixing Tnux. lor that line. For other lines and conditions P« 
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increases with increasing values of gravity and increasing excitational 
potential, and decreases with increasing abundance of the element relative 
to free electrons and with increasing atomic absorption coefficient. (3) The 
calculated temperature difference between giants and dwarfs of the same 
spectral type agrees with observation. (4) The excitation potential 
x _ tfr) is exceptionally large compared with * for both He and He + . 
The fractional concentration at maximum of atoms absorbing these lines 
is exceptionally small. (5) The concentration at maximum of normal 
ionized atoms capable of absorbing principal lines is exceptionally large. 

M. A. E. 

2701. Distribution Function for Stellar Velocity. F. H. Scares. (Mt. 
Wilson Obscrvat. Contrib. No. 272. Astrophvs. J. 59. pp. 274-304. 
June, 1924.)—Schwarzschild assumed the logarithms of the linear tan¬ 
gential velocities (uncorrccted for solar motion) of stars of all luminosi¬ 
ties as distributed according to a Gaussian error-curve. Since the 
average stellar velocity is a function of absolute magnitude, the author 
modifies Schwarzschild's assumption to the form P(log T 0 )</(log T 0 ) 
= h/y/n x *-**»'«* To-n)« x //(log T 0 ). where B *= log T 0 « log « F(M), 
which states that the values of log T 0 (T 0 is linear tangential velocity 
uncorrccted for solar motion. T is corrected) for stars of absolute magni¬ 
tude M have a Gaussian distribution about the mean value log TV 
The corresponding frequency function for radial velocity freed from solar 

motion is R(0)d6*d0 £ • l dl. where x x ~ log (0/20) + 3/4A'Morf, 0 being 

the mean radial velocity. The investigation is based on the Gaussian dis¬ 
tribution of the logarithms of the corrected space-velocities of 1241 stars 
of types F to M, and is to obtain the numerical values of the parameters h 
and log T 0 , which are: tangential velocity, corrected, hj = 2-35; 
uncorrccted, h —2-18; corrected space-velocity. 2-62; log T„ 

*. 1-27 + 0 052M - 0-0019M*. where T 0 is exprcssc<l in km /sec. and M 
is referred to the international zero point. The constant term depends on 
the proper motions and spectroscopic parallaxes of 875 stars nearly all 
brighter than M * 3,and influenced very little by selection. The coefficients 
of the terms in M depend on radial velocities, and if the velocities arc 
required in astronomical units per year the constant term must be replaced 
by 0-59. For velocities more than 10 km /see. the logarithms of tangential 
velocity, both corrected and uncorrectcd for solar motion, have sensibly 
a Gaussian distribution ; for less than 10 km /sec. the Gaussian frequency 
function docs not apply ; for radial velocities freed from solar motion the 
deviations from a Gaussian curve arc not large, but are not negligible. 
The relations of the tangential, radial and space-velocities follow from the 
single assumption of the random distribution of the correct space-velocities, 
and arc independent of the form of the frequency functions of the various 
velocities. This investigation was necessary for that of the form of the 
luminosity function (see following abstract). In this paper (and presumably 
also in the following paper based on it) logarithms arc to the base 10 
except when explicitly stated otherwise. A. S. D. M. 

2702. Form of Luminosity Function. F. H. Scares. (Mt. Wilson 
Obscrvat. Contrib. No. 273. Astrophvs. J. 59. pp. 310-338, June, 1024.)— 

The luminosity' function expresses the relative number of stars of different 
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absolute magnitude (M) in any limited region of space. The difficulty 
involved is that there are few intrinsically faint stars known, and therefore 
data for the two characteristics m (apparent magnitude) and fi (motion) 
are meagre. The author adopts Kapteyn and van Rhijn’s mean parallax 
formula in the form of a linear function of H (= m + 5 log/x), and obtains 
the equation for the mean parallax log7r — log/x = — 0-690 — 0-0710H 

— 0 0003 m [hereafter referred to as m.p.) The analytical derivation 
of m.p. involves three fundamental distribution functions : ( 1 ) Luminosity, 
(2) Density (both investigated in Contrib. No. 229) [see Abstract 1661 
(1922)), and (3) Linear Tangential Velocity (in No. 272 [see preceding 
abstract)), and from these it is shown that the equation for m.p. appears 
to differ for near and for distant stars. For stars near the sun 
(within 60 to 80 parsecs^ where the density is fairly constant, the m.p. 
formula reduces to log tt 0 - log/x = - 0-71 - 0-071H, the coefficient 
of m being negligible; for distant stars to log 7r - log /x = - 0-89 

— 0-088H -f- 0 -030m, agreeing closely with tables of mean parallax published 
by van Rhijn (Groningen Publication No. 34). It follows that the nearer 
stars dominate m.p. To find the relation between M (mean absolute 
magnitude) and H (■ m + 5 log/x) a diagram is given, based on 181 
stars, where /x = O'-3 to O'-5. and 325 stars where /x > O'-5. These data 
represent m.p. up to M = 6-5, but the intrinsically faint stars deviate 
widely from it. and the luminosity function of Kapteyn and van Rhijn 
is applicable only for so long as we deal with stars whose magnitudes 
fall on the ascending branch of their curve. Their formula does not 
represent the parallaxes of low-luminosity stars whose mean parallax is 
nearly independent of m and is determined almost entirely by /x alone. 
The author urges the observation of every star of unknown or. uncertain 
distance for which H > 7. The physical significance of the investigation 
is whether stars fainter than about the 20 th magnitude are so few as to 
be practically non-existent (as implied by the luminosity function of 
Kapteyn and van Rhijn), or whether the most frequent luminosity, and 
therefore the most frequent mass, of the stellar order is less than that of 
any known luminous star. The total number of low-luminosity stars 
may therefore be enormous. The data suggest that the total number 
of stars per cubic parsec brighter than M = 15 is about twice the total 
for all magnitudes found by Kapteyn and van Rhijn. A. S. D. M. 

2703. Observed Maxima and Minima of Variable Stars for 1923. 
L. Campbell. (Harvard Coll. Obs. Circ. 259. pp. 1-8, 1924.) 

2704. Studies in Stellar Statistics. V. Michkovitch. (Bull. Astro- 
nomique, 4. Ser. 2. pp. 9-142, 1924.)—A summing up of Charlier's 
statistical methods and results. The first part gives theoretical 
investigations, of which one shows that the mathematical expression 
y = e~ htx * X h/V tt. for Gauss's error curve, is only a particular case 
of a more general law. The author defines homograde and heterograde 
statistics, the latter constituting the most important work in the Cbarlier 
school. The whole theory of mathematical statistics is based on two 
forms, A and B, which the frequency function may take; these are 
developed, and their formula and numerical applications are given. In 
connection with the theory of correlations, great stress is laid upon the 
difference between functional and statistical correspondences. A statisti- 
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cal correlation does not imply a coordination between the data themselves 
(except when the coefficient of correlation = 1). but a relationship, more 
or less intimate, between the elementary errors of the two whole series 
of observations. In the second part of the paper the author obtains 


the fundamental equation of stellar statistics, n(c) =ui\r 2 D[r)4>(E)bE/bedr, 

J o 

where a(e) is the total number of stars in the case considered, and e and E 
are the values characterising the apparent and absolute intensities of some 
property, which is supposed to vary from one star to another, rhus if 
we know the number of stars at distance r. we obtain the mean distance 
7 r(e) of a star having the characteristic er\de. and he shows that the mean 
value of the parallax of stars having apparent magnitude wi is equal 
to the product of the mean value of their proper motion and a constant 
factor. He examines Schwarzschild’s ellipsoidal theory and Kapteyn’s 
two-stream theory, and finds neither satisfactory from a statistical point 
of view. He gives Charlicr’s result for B-type stars, r = R . 10" 
where r is the distance and R a constant parameter for stars of this class. 
He adds a table for stars of type O to N. giving the speed of the sun. 
mean distance and coordinates of apex, parameter R. absolute magnitude, 
density per cubic sir., size and position of the ellipsoid of velocities, and 
thickness in the Milky Way. The third part is an investigation by the 
author himself of 152 Algol-type stars, of which a table is given, con¬ 
cluding that these form a symmetrical system with respect to the Milky 
Way, the centre of gravity being situated at R.A. 20- 8 h. and Dec. I- r»7"-2. 
at a distance of 2-46 sir. from our sun. A. S. D. M. 


2705. Early Observations of the Elliptical Disks of Jupiter's Satellites. 
W. H. Pickering. (Harvard Coll. Obs. Annals. 82. No. 4. pp. 01-74, 
1924.)—Satellites I. II. Ill and IV of Jupiter have such low densities 
that it is probable they are not solid bodies, but arc composed of 
small particles closely congregated,- like Saturn’s rings. Satellite I 
rotates on its axis in 11 h. 65 m., the others in periods still unknown. 
All four appear to be prolate spheroids, the major axes exceeding the 
minor by about 10 per cent. Observations of these small bodies arc 
important, chiefly because of their application to the laws of rapidly 
rotating ellipsoids, with special regard to the study of the evolution of 
spectroscopic binaries. The phenomena are readily visible in a 5-inch 
telescope, and have been independently discovered by over a dozen 
astronomers and confirmed by as many more ; but doubt has been thrown 
upon their reality because excellent atmospheric conditions are necessary 
to show them distinctly. Such conditions occur very rarely at northern 
observatories, and large telescopes are more affected by bad seeing than 
small ones; hence the possessors of some of the world’s largest telescopes 
havo announced the disks to be always circular. Evidence of their 
ellipticity is here brought forward by the detailed publication of three 
scries of observations, made at Arequipa in 1892-3, at Mandcville in 
Jamaica in 1901. and at the Lowe Observatory in California in 1904. 
Reference is also made to other scries, published in the Annals of the 
Lowell Observatory, Arizona; and observations were made at Mandcville 
in 1912 and continued at nearly every apparition since that date. Belts 
have been seen on Satellites III, IV. and I. and drawings of all four have 
been made. M. A. E. 
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2706. Catalogue for 1875-0 of 1210 Stars between Declinations -f 45° 

and -f 90° at Stockholm. (Astron. Iakttagelser och Undersokningar. 
Stockholm, 10. 12. [32 pp.), 1924.)—1210 stars down to the 8th mag. 
were selected from the British Association Catalogue 1850-0 between 
the declinations -f- 45° and the pole, and observations of them were 
made with the meridian circle of 11 cm. aperture between the years 
1873-1900. These were mostly finished by 1881, but lacuna and out¬ 
standing observations were filled up from supplementary observations 
in the years 1888-90 and 1892-1900. To secure a precision of about 1/3* in 
each coordinate, measures were made in each of four positions of the 
instrument, and for the years 1874-99 the error of a catalogue position 
was found to be in R.A. ± 0*-031, and in Dcc.± 0*- 30 between 30° and 45°. 
For the reduction of the observations in R.A., the instrumental errors 
were not given by Bessel's formula, t *» m + nfgS + c sec 8, but by 
I =m + h cot p -1- ctg^p (where p is the polar distance), in order to 
minimise the error of c in the case of stars near the pole. The positions 
in the Stockholm catalogue are compared with those of the cataloguo 
of Astron. Gesellschaft. A. S. D. M. 

2707. Synopsis of Ionisation Potential of Elements. Cecilia H. Payne. > 

(Nat. Acad. Sci.. Proc. 10. pp. 322-328. July. 1924.)—Two tables are 
given, one containing a summary of the best values assigned to the 
physical, spectroscopic or astrophysical ionisation potentials of the various 
elements; the second, a scale of stellar temperatures (somewhat higher 
than from other methods) for the reversing layers of the hotter stars, 
derived from the observation of lines corresponding to known critical 
potentials. From this, on the assumption that the partial electron 
pressure is constant at about 10 -4 atmospheres, an estimation is made 
of the ionisation potential of any element, if its spectrum lines are known 
to have a maximum at a given stellar type, the astrophysical estimates 
being obtained by the author from a curve relating ionisation potential 
and temperature. A diagram is given showing the relation between 
ionisation potential and atomic number, the abscissa? being columns of 
the periodic table, and the ordinates ionisation potentials. From any one 
column to the next the slope of the line is similar in each period, and 
this uniformity is probably related to the^similarity of electron orbit 
configuration for atoms in the same column. The ionisation potentials 
appear to change slowly in the long periods of classification, and this 
may be because the electron arrangement in the inner orbits change 
sensibly, but in the outer orbits change very little. [See Abstract 1162 
(1924).] A - S - D - M ' 

2708. Pressure in Stellar Reversing Layer and Origin of Solar Continuous 
Radiation. M. N. Saha. (Nature, 114. pp. 155-156, Aug. 2, 1924.)-^ 
Estimates of pressure in stellar reversing layers range from 10" 3 to 10" 
atmospheres [see Abstract 1810 (1923)]. The author suggests an accurate 
method for determining such pressures from the limit of series absorption 
of elements in the Fraunhofer spectrum. From the fact that H£ is the 
last line seen in the Balmer series of H absorption lines in the Fraunhofer 
spectrum in the sun, though the flash spectrum has 35 Balmer lines, he 
infers that H(2) atoms in the particular layers treated lose their power 
of picking up pulses corresponding to the Balmer series, but exercise 
a sort of general enfeebled absorption on all radiation beyond H£, some- 
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what after the manner of X-ray absorption. This part will be freely 
emitted only by higher layers where the pressure is low enough ; in other 
words, if the solar atmosphere were composed of H(2) atoms only, part 
of the continuous spectrum beyond H£ would originate from somewhat 
higher levels than the redder part of the spectrum. The argument holds 
good for other elements. Thus for different rays there are different 
photospheres, but the distance between the extreme red photosphere 
and the extreme violet one does not differ by as much as 100 km. The 
photospheres and reversing layers are intermingled, but the luminosity 
degrades rapidly in the concentric layers round the sun. The dark 
Fraunhofer lines are in reality intrinsically from 100 to 1000 as bright as 
the flash bright lines, and therefore an exposure which gives the Fraunhofer 
spectrum is too short to give the chromosphere ; the Fraunhofer absorption 
is caused by layers close to the disc, and the higher chromospheres is not 
effective here. The author applies the same conception to Alpha Cygni 
(a typical giant with 24 Balmer lines), to Sirius (a typical dwarf with 
13 lines), and to Vega (intermediate between them with 17 lines) : all 
show more Balmer lines than the sun. and this may be ascribed to the 
joint action of higher temperature and lower pressure. A. S. D. M. 

2709. Shrinkage of Stellar Mass through Radiation. H. Vogt. (Zeils. 
f. Physik, 26. 2. pp. 139-142. 1924.)—According to Eddington 

[Abstract 1730 (1924)) there are only two possibilities: (1) Either stellar 
mass remains constant, in which case the Russell diagram has nothing 
to do with stellar evolution; (2) or the diagram represents stellar evolu¬ 
tion, in which case stellar mass must greatly diminish in the course of 
evolution. Double stars may supply a means of deciding which of these 
possibilities agrees with reality. If the second explanation be correct, 
then, following the course of the Russell diagram, we should find that 
the mean mass relation of the brighter to the less luminous components 
of double stars approximates more and more to unity. The author 
investigated the list of 85 double stars of known absolute luminosity and 
known spectral type contained in the Lick Observatory Bulletin No. 343, 
with the addition of the double stars referred to by Eddington and not 
included in the 85 systems. His investigations point to the conclusion 
that the Russell diagram represents stellar evolution and that, in the 
course of their evolution, stars diminish greatly in mass. E. 1*. 
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2710. The Colour of the Sea. R. Gans. (Ann. d. Physik, 75. 1. 
pp. 1-22, Aug., 1924.)—Against the opinion of Rayleigh that the dark 
blue colour of the deep ocean may be explained by reflection of the blue 
sky, Raman has stated the molecular diffraction theory of sunlight, 
incident on the water particles, combined with the specific absorption 
effect of water itself. 

This hypothesis has been further elaborated by Ramanathan (see 
Abstract 456 [1924)]. The present author now extends the latter theory 
still further, since the above authors have limited themselves to normal 
incidence, and thereby have only considered the scattering of light of the 
first order. Pencils of sunlight are now investigated for any angle incident 
on the water surface, whereby a fraction is reflected, the remainder 
penetrating into the water. Molecular diffraction then ensues, a portion 
being absorbed (i.e. converted into heat) and a residue returning as 
diffuse light to the surface, whereby a portion suffers internal reflection 
and the remainder passes out into the air. When the intensity of the 
incident light is assumed to be a function of the wave-lengths, the intensity 
of the diffused light may be calculated for every angle of emergence, the 
extent of polarisation entering as an additional problem. § 1 deals with 
scattering of the first order, from which it is concluded that the ocean 
sends out mainly diffuse light due to molecular diffraction, the blue 
colour of which is explained by the absorption of red, yellow, and green. 
§ 2 contains a rigid formulation of the problem. The paper is mathematical 
throughout. H. H. Ho. 

2711. Algebraic Methods for the Calculation of Colour Mixture Trans¬ 

formation Diagrams. Clara L. Froelich. (Optical Soc. of America, 
J. and Rev. Sci. Inst. 9. pp. 31-42, July, 1924.)—In the paper entitled 
" The Transformation of Colour Mixture Equations from One System 
to Another; Graphical Aids," by H. E. Ives [see Abstract 1105 (1923)], 
the methods of constructing the diagrams which constitute the final 
" graphical aids " are presented, for the sake of clearness, in graphical 
terms. Where, however, the highest accuracy is desired, and where 
facilities for performing computations rapidly are at hand, the con¬ 
struction of such charts is advantageously performed by algebraic means. 
It is the purpose of the present paper to explain this algebraic method, 
the object being (I) that it will be of general use, (2) that the algebraic 
methods developed for constructing these graphical aids actually constitute 
new modes of handling the transformations in question, which compare 
favourably in simplicity and accuracy with previously published purely 
algebraic treatments. § 1 shows how to transfer a working primary 
triangle to the unit-sensation-sum plane. § 2 describes how to inscribe 
equal purity lines in a colour-triangle plot of the spectrum. $3 gives the 
application to the elementary sensation curves of Dieterici. Seven 
illustrative diagrams are included. H. H. Ho. 

2712. Optically Active Substances. R. Gans. (Zeits. f. Physik, 27. 3. 
pp. 164-172, 1924.)—In continuation of previous work [Abstract 24U> 
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(1923)], amending some of Bom’s formula [Abstract 934 (1918)], works 
out the refractive index, the circular polarisation, and the dispersion in 
optically active substances. A. D. 

2713. Absorption of Ultra-violet Rays by CS 2 . G. Bruhat and M. 
Pauthenier. (Comptes Rendus, 179. pp. 153-155, July 21. 1924.)—The 
curve of extinction-indices for various A's, from 200 to 380 wi/i. A. D. 

2714. Scattering of Light by Very Big Colloidal Particles. W. 
Shoulejkin. (Phil. Mag. 48. pp. 307-320, Aug., 1924. Paper communi¬ 
cated to the Sci. Soc. of Moscow, Nov., 1922.)—Reference is made to 
previous studies of this subject [sec Abstracts 849 (1921) and 456 (1924)], 
in which the largest particles successfully dealt with are $ the size of 
the wave-length. The present study is limited to the case for particles 
having the ideal properties of a dielectric. A comprehensive mathematical 
exposition is developed, from which it is concluded that there is a smooth 
continuous change with increase of size of particle from scattering of 
light to its reflection and refraction. A relative index of refraction, 
m = 1 • 32, is used throughout. With particles up to J the wave-length 
in size, Rayleigh’s formula and conclusions as to angle of complete 
polarisation are found to hold. Prom thence up to a diameter of particle 
equal to the wave-length definite asymmetry of dispersion is noted, 
the brightness of the scattered light in the direction of incident rays 
being 2-5 to 11 times greater than that in the opposite direction. Over 
this range polarisation is everywhere incomplete, but still in the same 
plane, the angle of maximal polarisation being displaced from 90° in the 
direction of the incident rays. With still larger particles the plane of 
polarisation becomes perpendicular to the plane of polarisation of Ray¬ 
leigh's particles, this condition persisting over the range extending to 
particles infinitely greater than the wave-length, as also docs the character 
of the distribution of dispersed energy. In limits with dimensions of 
particles infinitely greater than the length of the wave, the brightness 
of light scattered in the direction of incident rays is 52 times greater 
than the brightness in the opposite direction, the angle of maximal 
polarisation being 105° 40'. The variations in asymmetry of dispersion 
and polarisation effects arc represented diagrammatically. A. B. C. L. 

2715. Anomalies of Accidental Double Refraction with Celluloid. A. 
Ramspeck. (Ann. d. Physik. 74. 8. pp. 722-742, Aug., 1924.)—The 
modulus of elasticity of celluloid lies between 225 and 233 kg./mm.*, the 
limit of elasticity with 1-5 per cent, extension, i.e. with a tension of 
about 3 5 kg./mm*. The double refraction n, — n 0 within the limit of 
elasticity is proportional to the tension. Still, its magnitude depends 
on the amount of camphor present; the value of the specific double 
refraction decreases with increasing camphor content from 46 X 10- 3 
for no camphor to 5 X 10- 3 with 50 per cent, camphor. The double 
refraction increases with the time with constant load, diminishes with 
constant extension, at first quickly, later always slower. Within the 
limit of elasticity the dependence upon time follows an exponential law. 
With repeated constant extensions the temporary decrease of the double 
refraction is always stronger; still, ordinary celluloid remains positive, 
double refracting up to 10 per cent, extension, while celluloid rich in 
camphor becomes negative, double refracting after repeated extension. 
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The dispersion of the double refraction in the cases observed, which did 
not extend far over the limit of elasticity, is very small. With feeble 
extension the dispersion is greater for blue than red, but, as the limit 
of elasticity is approached or exceeded, it is greater for red than blue. 
Thin sheets of gelatin show the same kind of dependence on the time 
with respect to double refraction as celluloid, but the dispersion is always 
in the normal direction. It is pointed out that on account of its anomalies, 
as here described, celluloid is not a suitable material with which to carry 
out experiments when it is wished to draw any conclusion on the dis¬ 
tribution of inner tensions. A. E. G. 

2716. Refractivity and the Molecular Phase Hypothesis. /. E. C. C. Baly 
and R. A. Morton. (J. Phys. Chem. 28. pp. 659-667, June, 1924.)— 

N 

The Sellmever dispersion formula n 2 — 1 = —-^ ("'here n = refrac- 

o 

live index for light of frequency v, N = constant, and v 0 = charac¬ 
teristic frequency in the ultra-violet) does not agree with observed 
values if the substance exhibits an absorption band in the near 
ultra-violet as well as in the extreme ultra-violet. By an applica¬ 
tion of the molecular phase hypothesis a more complex formula is 
obtained which can be made to fit the observed values for chlorine, 
bromine, and ozone more nearly. W. V. M. 

2717. Experimental and Theoretical Researches on the Electromagnetic 
Birefringence of Active Bodies. R. de Mallgmann. (Ann. de Physique, 
2. pp. 5-2.19, July-Awg., 1924.)—The study of electric or magnetic bire¬ 
fringence of bodies possessing rotatory power has now for the first time 
been made in an exact and systematic manner. Experimental difficulties 
have hitherto stood in the way of investigating optically active gases 
and vapours, while data for liquids have been obtained mainly in hap¬ 
hazard fashion by the usual methods for the determination of Kerr’s 
constant for inactive bodies. The author now shows that the study of 
this hitherto neglected problem contributes usefully to the progress of 
knowledge upon molecular structure. The experiments of Kerr, Quincke, 
and Schmidt are first briefly reviewed. The work is then divided into two 
parts, of which the first is treated in three chapters, viz. : (1) Comprising 
the theoretical study of the phenomena resulting from the simultaneous 
observation of birefringence and rotatory power, whereby general formula 
are derived for their interpretation; (2) describing the general experi¬ 
mental methods employed; (3) containing the data obtained from a 
number of active liquid or dissolved bodies. This data indicates that the 
theory of exact superposition of the effects due separately to birefringence 
and rotatory power (Gouy’s principle) gives in all cases the qualitative 
behaviour of the phenomena. The accord is also in general quantitative, 
sensible divergence only existing for very birefringent substances such 
as carvone, and even in this case the calculated ellipticities only differ 
from the observed by amounts within the limits of experimental error. 
These differences appear more systematic for axial rotations. In the 
particular case of carvone the behaviour is that of an increase of optical 
activity in a plane perpendicular to the electric field. It is established 
in every case that active bodies possessing true birefringence conform 
to Kerr’s law. The study of ethyl tartrate has shown that the sensibility 
of its rotatory power to temperature is also found for its birefringence. 
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In the second part of the paper it is shown how the theory of molecular 
orientation admits, without fresh hypothesis, of the phenomenon of rotatory 
polarisation, being explained by the same molecular structure. The theory 
of orientation has shown that for very anisotropic molecules and fields 
sufficiently intense divergences between calculated and observed values 
may be observed due to the anisotropy of the rotatory power itself. The 
paper is so long and comprehensive as to merit being consulted in its 
entirety. H. H. Ho. 

2718. Research on Double Refraction in Moving Liquids. E. Krueger. 
(Zeits. phys. Chem. 109. 5-6. pp. 438-452. 1924.)—Various liquids were 
examined, and it was found that double refraction never occurred unless 
the liquid shows the Tyndall phenomena under the ultra-microscope^ ^ 

2719. The Kerr Electro-optic Effect in Oases. G. Szivessy. (Zeits. 

f. Physik, 26. 4-5. pp. 323-342. 1924.)—For wave-lengths ranging from 
486 m/x to 656 mp. it is shown that the magnitude of the double refraction 
due to an electric field (the Kerr effect) is. in the cases of the gases sulphur 
dioxide, ammonia, and carbon dioxide at atmospheric temperature pro¬ 
portional to the square of the field strength. In the case of each gas. 
the value of the Kerr constant is. for a definite wave-length, proportional 
to the pressure of the gas. and for any definite pressure is inversely 
proportional to the wave-length of the light employed, in accordance 
with Havelock's law. Values of Kerr's constant relating to a wave-length 
589 nijx in the case of the gases at a pressure of 760 mm. of mercury were 
determined as follows at the respective temperatures given : sulphur 
dioxide. 107 x 10" 10 at 17-3° C. ; ammonia. 0-59 X 10~ 10 at 17-9° C. : 
carbon dioxide. 0-24 X 10 -10 at 17-5° C. J- S. G. 1. 

2720. The Verification of the Principle of Reflex Visual Sensations. 
M. S. Hollenberg. (Optical Soc. of America, J. and l<ev. Sci. Inst. 
8. pp. 713-730. June. 1924.)—Allen’s recent investigations on the effects 
of retinal fatigue upon colour sensations have led to the discovery of a 
new physiological rcllcx. which is sensory in its nature. Allen found that 
when light falls upon any part of either retina the perception of the 
three fundamental colour sensations, red. green, and violet, as measured 
by the critical frequency of flicker, is enhanced in both retinas. 1 he 
experiments described in the present paper were carried out to ascertain 
if Allen’s results applied to another normal individual. Over the whole 
of the spectrum examined, the author found that in every instance his 
curves were identical with those of Allen. The left eye was fatigued 
with various colours, and then the reflex effects upon the colour sensations 
in the right eye were measured, the latter being maintained in daylight 
adaptation. Similarly the right eye was treated when the left was 
maintained in daylight adaptation. The direct and rcllcx effects 
of white light and darkness were also studied, and theoretical dis¬ 
cussions on the results obtained and also on some of IJurch’s 
experiments on fatigue are given, as well as a consideration of 
the brief initial overshooting of sensations when coloured light 
is first applied to the eye. The experimental results support the 
trichromatic theory of Young and Helmholtz. One striking feature 
especially noticeable is that while the luminosity of violet of wavc- 
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length 0 -410 /z is about yfoth of that of yellow, 0-589 \i, the depressions 
produced by the latter colour are but slightly greater. This shows that 
the magnitude of the reflex effect is not a direct function of the physio¬ 
logical brightness of the stimulus. j. j. s. 

2721. Reflex Visual Sensations and Anomalous Trichromatism. 

W. A. Anderson. (Optical Soc. of America, J. and Rev. Sci. Inst. 8. 
pp. 731-765, June. 1924.)—After a brief summary of the principle of 
reflex visual sensations as discovered by Allen, the author, who has 
abnormal vision, gives an account of the determination of the character 
of these reflexes for such vision. The experiments were performed in a 
daylight room, using the critical frequency of flicker method. The 
quantitative results were obtained by making measurements on pure 
spectral colours. Abnormal vision is shown by the character of the 
persistency curve taken under normal conditions of daylight adaptation. 
The type of curve, which was the same for both eyes, is compared with 
one for normal vision and one for partial colour-blindness. Next the 
left eye was fatigued, and measurements made of the changes in the visual 
response of the right to light from the different parts of the spectrum. 
The change in the response was always an enhancement of the brightness 
of the affected colours. Red and green were more susceptible to this 
reflex enhancement than the violet. Certain colours—0-660 /z, 0-505 /z, 
0-425 fi, and the entire region 0• 520 /z to 0• 480 p —showed no reflex trans¬ 
ferred to the other eye. The magnitude of the reflex was greatest for 
fatiguing colours near the ends of the spectrum. The effect of dark 
adaptation was transferred to the other eye similarly to fatigue. The 
red sensation was found to be difficult to fatigue, but very susceptible 
to enhancement. The behaviour of the violet was the reverse of this, 
while green exhibited an intermediate character. No effect was obtained 
for fatigue colours 0-665 /z. 0-589 fx. 0-570 p, and only a small effect for 
0-520 fi. The effects of darkness and strong white light are very similar, 
both showing fatigue characteristics. The results obtained show that 
every ray of light produces both a direct and a reflex effect upon all 
three fundamental sensations, which are shown to be red, green, and 
violet. The author’s type of colour-vision is that of an anomalous 
trichromat. By means of the principle of visual reflexes the Young- 
Helmholtz and Hering theories are harmonised, and can no'longer be 
regarded as rival hypotheses. [See preceding Abstract.] J- J- S. 

2722. Selenium Optical Densimeter . E. V. Hjort, A. Lowy and 

O. Blackwood. (Optical Soc. of America. J. and Rev. Sci. Inst. 9. 
pp. 43-51, July, 1924.)—The relative absorptions of different substances 
for red and, in a less degree, for orange light may be measured by the 
variations of the galvanometer readings in a circuit containing a suitable 
selenium cell. Experimental methods and data. A. D. 

2723. High-Power Transparent Illumination for Microscopes. C. 
Beck. (Joum. Sci. Instruments, 1. pp. 314-316, July, 1924.)—A continua¬ 
tion of previous papers on microscope illumination [see Abstracts 1136 and 
2049 (1924)]. The author points out that with transparent illumination, 
where the object is only visible by reason of the contrast which its edges 
or internal structural details present as compared with the bright back¬ 
ground, any light which falls upon the object from the observer’s side— 
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e.g. light reflected by the cover-glass—is detrimental to the observation 
of delicate structure. Objects whose refractive indices are different 
from that of Canada balsam, or which are visible owing to coloration, 
may be mounted in this substance so that back reflection from the cover- 
glass is avoided. In other cases the best method of reducing glare is to 
use a small source of illumination and to produce a still smaller image of 
this source upon the object by the substage condenser, so that as small a 
portion of the object as possible is illuminated. Methods of achieving 
this in practice are described in the paper. J. W. T. W. 

2724. The Radiometer. A. Einstein. (Zeits. f. Physik, 27.1. pp. 1-6. 
1924.)—Assume gas of indefinite extent; a heat-flow along the axis of 
x ; gas-molecules have one velocity, u, parallel to the axes of coordinates 
only ; the mean free path. A. is a constant. Set up a small element of 
surface, area a. at right angles to the heat-flow ; let this be small in 
comparison with A; there should be no flow of material across this ; 
an equal number, v, of molecules should pass each way ; v = ncm/6. 
For the flow of heat, u must be slightly different on the two sides; m + . 
»<_ ; the flow of heat per second is of = \nou . (Jwn+ - But 

|m«4 = 3AT+. jiii.il = the T's being the absolute temperatures at 

the ends of the‘free path A; .\ the flow of heat per second per unit of 
area is/= \nuk . (T+-T_)« JmmA . A(&T/J>*)= -|(*«A/T)(&T/tor) I note, 
the author says - \ for - ]. Now take a small body of transverse area 
a ; the molecules impinging per second communicate an aggregate impulse 
\nau . (wm + -»im.) ; if m + and n_ be very nearly equal to u, this may be 
written J no . [mu\ - mill) = f. (2 o/u ); note, the author writes of/u. But 
this represents the force F acting on the small body ; 

F = 2 of/u = - tnkoX{*T/*x) =* - lp(A/T)(DT/^)«7: 

the author's result. If the small body be free to move, it is set in 
motion with some velocity v ; at velocity v it is subject to gaseous 
friction F # ; it communicates to each molecule impinged on by it an 
impulse mv ; F' = — $nou . mv. For a steady velocity v, make 
F' = — F; then v = — \p\(VXI'bx)fXnum = — JwA(DT/d.r)/T = J///>; 
note, the author writes .’. if the body be small in com¬ 

parison with A, the steady velocity v is independent of its size. 

For a small hole in a screen placed transverse to the heat-flow.—Let 
the screen be large in comparison with A, and so also the distance between 
its rim and the bounding walls; in spite of the heat-flow there will be an 
equilibrium of pressure. Let v n molecules per cm.* per sec. come from 
the left with a velocity u*. strike the screen, and return with a velocity u ; 
and similarly on the other side Vp, u p . u. For pressure-equilibrium, 
p/m = v n {u n -F u) = Vp(u + u p ). For heat-flow the same on both sides 
of the screen, 2 f/m = — “ 2 ) = *>('** “ “*)• Therefore 2 f/p = u„ 

— U = u — Up. —In v n = wUn/6. assume v p very nearly equal to u„ and 
write as %v p - = \nu„ or 2 (v p - v n ) = \nu n - Wp + v n ). Assume 

1( v p + v„) = v, = Jwu ; then 

m n 2/ 

2 {Vp - Vn) = i nu H - \nu - -(m. - u) = fl . 

i.e. v p - v M = in .ftp —Through a small hole, area cr. the excess of 
molecules travelling negatively with regard to the axis of x is. per 
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second. (v p - i-„)a ; but (v p - v H ) = n(- v) ; v = - (v p - v n )/n, 

= — MIP- 

For denser gases.—A screen large in comparison with A; its rim at a 
distance from the bounding walls also large in comparison with A. At a 
sufficient distance from the rim (a) centrewards there is pressure-equilibrium 
at the screen ; (6) outwards we have F = a//u (sic) on a small body. At 
the rim there is a transition, say about A in breadth, and there is a force 
per unit of length of the rim. of the order F = (A/m)/. [Proof not given.] 
For a screen heated on one side, the working out [not given] is somewhat 
difficult; the author finds for the rim, per unit of its length, an expression 

F = - p\—. 

Besides these we have the thermal slip. [See next Abstract.] A. D. 


2725. The Radiometer. G. Hettner. (Zeits. f. Physik, 27. 1. pp. 12- 
22, 1924.)—When along the surface of contact between a gas and a solid 
there is a temperature-gradient, the gas flows from regions of lower to 
regions of higher temperature. This thermal slip was predicted by Maxwell 
and independently deduced and verified by Knudsen. The consequences 
of this slip serve to explain a large group of radiator phenomena. A. D. 


2726. An Experimental Study of Grating Errors and "Ghosts." R. W. 
Wood. (Phil. Mag. 48. pp. 497-508. Sept., 1924.)—The work described 
in this paper was undertaken in the course of a study of the problem of 
making short-focus concave gratings for vacuum spectrographs. The 
cause of the Lyman "ghosts" has been ascertained experimentally, and an 
attachment added to the Rowland dividing engine which has abolished 
them completely. An optical method of studying the errors, periodic and 
otherwise, of gratings has been developed, and is now fully described, 
which can be applied to any grating, either plane or concave. This method, 
while lacking some of the advantages of the method of cross-ruling, first 
suggested by Rayleigh and employed by Rowland, is more sensitive than 
this, and will show the effect of two or three slightly misplaced lines, or a 
grating ruled with 15,000 lines to the inch. Experimental data have been 
furnished which make it possible to visualise the manner in which the 
" ghosts " or spurious lines are produced when a periodic error of ruling 
is present in the grating. Reproductions are given of the photographic 
records obtained with a small concave grating of 1 metre radius, ruled with 
15,000 lines to the inch. The periodic error is found to have impressed 
upon the wave-front a condition similar to that produced by its passage 
through a coarse grating acting by opacity. The question of the Lyman 
"ghosts " is dealt with at length. These were found to be due to two 
periodicities in addition to the normal periodic error. The paper concludes 
with an account of metallised glass concave gratings, and a description of a 
circular target pattern obtained when short-focus concave gratings are 
examined by reflected light. The latter shows how the intensity distribu¬ 
tion among the various orders varies with the part of the diamond edge 
used for the ruling. H. H. Ho. 

2727: Designs for Telescopic Adjustments enabling Variable Magnifica¬ 
tion. L. Dunoyer. (Rev. d’Optique, 3. pp. 353-397, Aug., 1924.)— 
Terrestrial telescopes fitted with suitable adjustments have the advantage 
over the prismatic type with multiple ocular that it is possible to vary the 
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magnification in a continuous manner between certain limits, lo accom¬ 
plish the latter object, the movable attachment consists of two converging 
lenses which simultaneously undergo appropriate displacements. 1 lie 
present paper investigates different movement combinations, based on 
the focal data, which may be adopted for the added lens system, both for 
movements in like and opposite senses, thereby fixing the respective attain¬ 
able maximum and minimum magnifications. By these means suitable 
combinations are derived and distinguished from unsuitable, whereby the 
magnification may be varied within considerable limits. 1 he complete 
numerical discussion of the problem includes the magnification curves for 
47 combinations, knowledge of which enables, by suitable interpolation, 
the choice of combination of any desired type. The paper is entirely 
mathematical, and should be consulted in its entirety. M il. Ho. 


2728. Large Objective at Strasburg Observatory .—Defects in Hartmann's 
Method of Testing. A. Danjon. (Rev. d’Optique. 3. pp. 305-314. July. 
1924.)—This objective, by Merz, is of 480 mm. effective diam. and works at 
an aperture//14. It has always shown an undesirable amount of astigma¬ 
tism and has been subjected to a thorough examination. As a result, the 
crown has been turned through an angle of 00 ' in its mounting, and the 
performance has been much improved. It now shows a residual spherical 
aberration at the central portion. A focogram shows a number of local 
defects which can be remedied by retouching. These arc missed by the 
Hartmann method, and the author emphasises the importance of including 
the taking of a focogram as a necessary part of the tests of any large 
objective. J. W. T. W. 

2729. Lens for Whole-Sky Photographs. R. Hill. (Roy. Melcorolog. 
Soc.. J. GO. pp. 227-233 ; Disc.. 234-235. July. 1924.)—In discussing the 
production of photographs of an angle of view of 180 °, comparison is made 
of the effects obtainable by the pinhole method (<£ = 0), the stercographic 
projection method (tan 4/2 ftand» constant), the equidistant method. 
(4/tan 0 « constant), and the orthographic projection method (sin 4/tan 
0 « constant) ; (<f> and 0 = the angles to the axis made by any ray 

outside and inside the camera respectively). A lens system on the basis 
of equidistant projection is described resembling a telephoto arrangement 
reversed, and illustrations arc given of cloud photographs obtained by its 
use. These whole-sky projections may. by reversing the action of the 
lens, be converted into sectional photographs wherein the curvature is 
rectified. In reply to discussion, the author indicates that the present 
form of lens can only be used when the light is comparatively good, and 
that its rapidity would have to be increased to enable it to be used in 
photographing aurora*. A. B. C.. I.. 


2730. Optical IIate-of-Climb Recorders : their Uses, Theory and Descrip¬ 
tion. A. H. Mears and D. H. Strother. (Optical Soc. of America. 
J. and Rev. Sci. Inst. 8. pp. 787-801. June. 1924.)—The instruments 
described were developed by the staff of the Bureau of Standards for the 
American Services. In an introductory note, the design requirements 
are outlined for rnte-of-climb instruments for lightcr-than-air and also 
for hcavier-than-air craft. The effects of position error (i.e. change of 
reading caused by tilting), mechanical shocks and vibrations are also 
considered. The five available methods for determining rate of climb arc 
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enumerated and their merits and disadvantages are discussed. The 
authors appear to favour the use of a rate-of-climb recorder, as it does not 
require the attention of an observer, and in conjunction with an accurate 
barograph gives all the information required. The uses of rate-of-climb 
instruments are dealt with. The principle of operation of leak-type rate- 
of-climb instruments is considered, and it is pointed out that for correct 
functioning the flow of air through the leak device must be non-turbulent. 
The theory of the leak-type instrument, with non-turbulent flow, is worked 
out from considerations of altitude and isothermal air conditions, and a 
formula is given for the rate of change of height with time, as follows :— 

where Z = isothermal altitude, p the pressure on the system at this 
altitude, r the radius of the capilliary leak tube, A p the pressure difference 
between the two ends of the capilliary tube, / the length of tube, /x the 
viscosity coefficient of the air at the existing temperature, p 0 the density 
of the air in the air chamber at an isothermal altitude Z 0 , and a corre¬ 
sponding pressure p 0 . Kj is a constant. The experimental and the 
first and second optical types of Bureau of Standard's rate of-climb recorder 
are described. The latter is stated to give excellent records, and to have 
a sufficiently open scale to record small changes in rate of climb. A 
sylphon diaphragm is used, in connection with a capilliary leak tube, and 
the deflections of this compound metal diaphragm are recorded optically 
on a continuously moving strip of film. The source of light is a 2-5-volt 
single filament bulb, worked off two small flashlight cells. A. W. J. 

2731. A Combined llluminometer and Reflectomcter. G. A. Shook. 
(Optical Soc. of America, J. and Rev. Sci. Inst. 8. pp. 803-805, June, 
1924.)—A description of an instrument which is essentially an illumino- 
meter and may be used like any illuminometcr, but is so designed that 
when used in connection with an integrating sphere it becomes a portable 

reflcctometer. Details of construction and calibration are given. 

W. V. M. 

2732. The Lummer-Gehrcke Parallel Plate Interferometer. F. Simeon. 

(Journ. Sci. Instruments. 1. pp. 296-304, July. 1924 .)-Notwithstanding 
the publication of many papers dealing with the theory and use of this 
instrument, a number of points in the elementary theory seem insufficiently 
appreciated, so the paper gives a brief consideration of these to help in the 
choice of a suitable size of plate and in the interpretation of the appearance 
it gives. Simple approximate expressions are given for the order of the 
spectrum, separation of consecutive orders, dispersion, and resolving 
power, together with notes upon methods of use. the appearances obtained 
and the interpretation of these appearances. A few precautions to be 
observed in order to obtain the finest definition are also noted, vix. avoid¬ 
ance of inequality of temperature throughout the plate, cleanliness of 
plate surfaces, and use of a suitably disposed polarising prism to obtain 
fullest resolving power. A complete bibliography of the Lummer- 
Gehrcke plate is given which includes 39 references. H. H. Ho. 

2733. Reflection of Plane Polarised Light by Etched Metals. O. Jones. 
(Phil. Mag. 48. pp. 207-216, July, 1924.)—Plane polarised light was 

VOL. xxvii.—a.—1924. 


LIGHT. 


975 


reflected normally from an etched metal surface and the reflected light 
analysed by a Nicol prism. The intensity of the light changes as the 
metal surface is rotated in its own plane. Using white light or mercury 
arc lamp as required the light reflected from the polished part of the 
surface was extinguished by suitable arrangement of the analyser, i.e. 
" crossed Nicols.” The etched parts then exhibit different degrees of 
brightness according to the orientation of the crystal. Each crystal, in 
rotation through 360° in its own plane, gave four maxima and four minima 
positions, and if the analyser was turned through 90° two maxima and two 
minima are shown. By means of high magnification (up to 1800) a fine 
striated structure of the surface was distinguished. It is suggested that 
the maxima and minima are due to similar orientation of the parts making 
up any one crystal grain. This regular orientation is developed by etching 
into a ridged or furrowed structure of the surface, producing the striations 
visible under high magnification. Light incident normally on the surface 
of such an etched specimen is returned, therefore, after two reflections, 
one at each side of the furrow. The polarised state of such light is shown 
to account for the maxima and minima. Confirmatory tests were made 
with large-scale models of furrows and also by examination of the scratch¬ 
ing^ and rulings of a metallic grating. Steel, containing pcarlitc and 
ferrite, bronze, aluminium and various alloys, were tested and the results 
arc incorporated. - S. G. B. 

2734. On the Polarised Fluorescent Light from Dyestuff Solutions. III. 
W. L. Lewschin. (Zeits. f. Phvsik. 20. 4-5. pp. 274-284, 1924.)—The 
polarisation of the fluorescent light from dyestuff solutions was discovered 
by Weigcrt and further investigated by the present author and S. J. 
Wawilow. [See Abstract 1847 (1923).) This paper continues the earlier 
work, and deals especially with the influence of dyestuff concentration, 
wave-lengths of the exciting light, and temperature upon the polarisation. 
The concentration was varied from 10 -3 to 3- 10“ 7 g./cm. 3 , and increase of 
concentration found in all cases to be accompanied by a decrease in the 
extent of polarisation. The latter, however, is partially to be explained 
by the appearance of secondary fluorescence. Tables of data arc included. 
The influence of wave-length was not discovered to l»e a general phenomenon, 
two cases only being found out of four dyestuffs investigated, when the 
degree of polarisation increased with the wave-length. It is now shown for 
the case of rhodamine B extra, which earlier was found to behave as an 
exception, that the same polarisation limits are attained with small con¬ 
centrations as for the other dyestuffs. Temperature is found to exert a 
special depolarising effect on the fluorescent light quite apart from the 
indirect influence through change of viscosity of the solvent. The dye¬ 
stuffs investigated were fluorescein, rhodamine B. roduline red B. Magdala 
rod, erythrosine and rose Bengal. A supplementary note discusses a 
recent paper by Gaviola and Pringsheim [Abstract 2203 (1024)1. 

H. H. Ho. 

2735. Polarised Fluorescence in Colour Solutions. F. Weigert and 
G. K&ppler. (Zeits. f. Physik. 25. 2. pp. 99-117, 1924.)—It is shown that 
the fluorescent light emitted from water solutions of fluorescein, when 
radiated by plane polarised light, is not markedly polarised for small con¬ 
centrations of the colouring substance. As the concentration increases, 
however, the polarisation of the fluorescent light increases. In glycerine 
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solutions, on the contrary, the polarisation in a weak solution may be 
30 % whilst in more concentrated solutions practically no polarisation 
can be observed. The viscosity of the fluorescent medium has only a 
secondary influence on the degree of polarisation of the fluorescent light. 

A. B. W. 

9 

2736. Interference by Diffusion. F. Wolfers. (Comptes Rcndus, 
179. pp. 262-263, July 28. 1924.)—A mechanism is suggested to explain 
the results previously described [Abstracts 2197 (1923) and 2053 (1924)]. 
It is supposed that at the surface of all bodies resonators exist capable of 
absorbing energy quanta and of re-emitting them in the form of spherical 
waves. By reason of the field which exists at the free surface of solids 
and of liquids, these resonators should be oriented conformably to the 
ideas of quantification in space. The fields in question appear to be very 
intense, as in no case was it found that the phenomena observed were 
modified by the application of strong external fields. If each point 
of the source acts on the resonators independently of the neighbouring 
points the phenomenon could not be observed, an infinity of systems of 
fringes being then superposed. This difficulty can be overcome by suppos¬ 
ing that the oriented resonator, if it receives simultaneously waves coming 
in directions contained within a certain small solid angle, integrates in 
some way thfc effects received, and diffuses a simple spherical wave capable 
of interfering with the direct waves. A * W. 


2737. Methods for the Determination and Measurement of the Aberrations 
of Optical Systems. L. I.enouvel. (Rev. d’Optique, 3. pp. 211-243, 
May, and pp. 315-333, July, 1924.)—This very comprehensive investiga¬ 
tion is described in four parts. Part I considers the experimental arrange¬ 
ments in detail which liave enabled the determination of aberrations of 
optical systems, and is prefaced by a brief discussion of the principles 

involved. ' 

Part II gives a geometrical study of the experimental data. A com¬ 
parison between the measured and calculated aberrations for the case of a 
simple lens has confirmed the accuracy of the author’s deductions. These 
geometrical considerations are then applied to the study^of two types 
of objective, the simple acliromatic and the anastigmatic. 

Part III deals with certain phenomena in connection with fringes which 
are not considered in Part II. The application of the diffraction laws 
shows that the above are due to interference, and the present investigation 
enables the limits to be defined within which the laws of geometrical 
optics may be applied. The method is also shown to render very accurate 
results if very fine fringes be examined. The experimental arrangement 
adopted for the study of ordinary objectives is not conveniently applicable 
to those of short focal distance, and Part IV contains an account of the 
modifications necessitated for this purpose. The paper contains 4* 
illustrations. H * H ’ HO ’ 


2738. Cinematic Study of the Working of Optical Surfaces. C. D6v6. 
(Rev. d’Optique. 3. pp. 108-126. March; 157-174, April; 257-269, 
June ; and pp. 334-341, July. 1924.)—These four communications describe 
exhaustively an investigation of the simple and compound movements 
required with respect to the working of glass surfaces and the tools em¬ 
ployed. Part I is limited to plane surfaces, and gives details of a method 
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for obtaining uniform abrasion in which the glass is made to turn at the 
same speed as the tool which is gradually displaced upon it. Adjustments 
for variations in the amount of grinding and for the production of desired 
edges are also discussed. Part II considers spherical surfaces. The 
positions of the instantaneous axes of rotation for equality of abrasion 
at the centre and for two or three concentric annuli are determined, together 
with calculations for the necessary rotation speeds of glass and tool. 
Sub sections discuss choice of course, glasses which swerve from the tool, 
requisite characteristics of a machine for ensuring uniform abrasion, etc. 
ScmWiutomatic machines for small surfaces of high curvature are described 
in the third paper as a continuation of Part II, together with their manipu¬ 
lation and the testing of the surfaces produced. Systematic adjustments 
arc detailed for obtaining spherical surfaces of radius slightly different 
from that of the tool. Part III deals with non-spherical curved surfaces, 
and describes the requisite mechanical arrangements for their production. 
Practical workshop rules arc included throughout the paper, which contains 
26 illustrative diagrams. . H. H. Ho. 


2739. Fraunhofer Diffraction Phenomena. J. Barnes. (Optical Soc. 
of America. J. and Rev. Sci. Inst. 9. pp. 77-79. July. 1924.)—Shows how 
to demonstrate diffraction and interference phenomena with the aid of 
small pieces of the screens ruled by Max Levy & Co. for halftone repro¬ 
duction work. A. D. 


2740. Diffusion of Light by Kr and Xe. J. Cabnnnes and A. Lepape. 

(Coinptcs Kcndus. 179. pp. 325-327, Aug. 4. 1924.)—Perfectly pure gases 
used. The depolarisation of the light diffused transversely came to 0 0055, 
an amount which does not vary from argon to xenon. Under the same 
conditions as to temperature and pressure, krypton diffuses 1-95 times 
as much as air. and xenon 5-45 times. A. D. 

2741. First Law of Photochemistry. Muriel C. C. Chapman. (Chcm. 
Soc., J. 126. pp. 1521-1526. July, 1924.)—A detailed desciipiion i* given 
of experiments carried out to determine the effect of variation of intensity 
of light on the rate of combination of II and LI. With intensity ratio 
1 • 6 ratios of rates of combination are found variously 1 : 5- 49 and 1 : 5-67, 
which is not in agreement with results obtained by Baly and Barker. 
\vl 19 re an intensity ratio 1 : 6 corresponds to a combination rate 1:10 
The deviation from Draper’s law, that the amount of chemical change 
in a given system effected by light of a specified wave-length is propor¬ 
tional to the light absorbed, is ascribed cither to the temporary reduction 
in the pressure of the water-vapour occasioned by the formation of IIO, 
or to a slight inhibitive effect of the HC1 itself. The opinion is expressed 
that the results demonstrate the validity of Draper’s law almost con¬ 
clusively, even in the case of the photochemical change which exhibits the 
greatest departure from Einstein’s law of photochemical equivalence. 

A. 13. C. L. 


2742. History of the Photographic Objective in England and America 
between 1800 and 1875. M. v. Rohr. (Phot. J. 64. pp. 349-359; Disc., 
359, Aug., 1924.) 

2743. The Demonstration of Stationary Light Waves as a Lecture Experi¬ 
ment. K. Leistner and W. Mttbius. (Ann. d. Physik, 74. 8 . pp. 700- 
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702, Aug., 1924.)—The original Wiener experimental demonstrations of 
stationary light waves are unsuitable for lecture experiments, because they 
admit of no immediate observation of the interference bands, while the 
presentation of the photographic active film is not simple. Previous 
methods are referred to, e.g. of Drude and Nernst, which employs the 
fluorescence effect of ultra-violet light, and of Selenyi, which replaces the 
photographic film by one of small sulphur particles, and so renders visible 
the maxima of the stationary waves. The complex character of the 
latter phenomenon is discussed. The previously described experiment of 
Leistner [see Abstract 2255 (1924)], in which disturbance is avoided.both 
from Newton and Selenyi bands.requircs too much time for lecture purposes. 
The authors now demonstrate that the Selenyi method, with suitable 
modifications obtained by a combination of Wiener and Selenyi details, 
serves excellently for a rapid and simple experimental proof of the existence 
of stationary light waves. The validity of the phenomenon observed is 
discussed at length. H. H. Ho. 


2744. Fluorescence. A. Gyemant. (Zeits. f. Physik, 26. 4-5. pp. 

223-234, 1924.)—A simple method for measuring the intensity of fluorescent 
light from solids, applicable also to measuring the intensity of fluorescence- 
exciting radiations, such as Kontgcn rays. Full description of two types 
of apparatus. A * D ' 

2745. The Reflection of Characteristic Bromine X-Radiation by a Crystal 

of Potassium Bromide. S. K. Allison and W. Duane. (Nat. Acad. Sci, 
Proc. 10. pp. 298-302, July. 1924.)—The X-ray spectrum was produced 
by reflecting the radiation from a molybdenum target tube by the 100 
planes of the crystal, using an ionisation spectrometer, and the results 
are shown in a graph. In a table the probable source of each maximum 
is given, together with the wave-length. In the first order the molyb¬ 
denum K scries peaks are prominent, a discontinuity of the curve due to 
the critical absorption of Br can be seen, and faint evidence of the peak 
corresponding to the I<a radiation of bromine was obtained. The second 
order Bra(2) peak is clearly seen. The y and peaks in this ^ order fall so 
near to Moy(3), third order, that they cannot be distinguished. Bry(3) 
and Brfl(3) are separated and quite unmistakable; this separation shows 
that the phenomenon cannot be due to absorption followed by a decline 
in intensity, as suggested by some authors. Br a (3) can just be distm- 
guished, though it nearly coincides with Moy(6 ). «. in. n. 

2746. Chemical Affinity and Infra-red Spectra. A. Balandin. (Zeits. 
f. Physik, 26. 2. pp. 146-160. 1924.)—Salts have two free vibrations in 
the infra-red. The heats of formation fall off with increasing differences 
between these two vibrations. An attempt is made to extend Kossel s 
molecule-model so as to make it present periodic critical values. A. D. 

2747 Magnetic Field and Polarisation of Canal-Ray Light. R. v * 
Hirsch.’ (Phys. Zeits. 25. pp. 333-335. July 1, 1924.)—For fields below 
1500 Gauss, the results of Abstract 893 (1916) confirmed as regards the line 
H ; but H a and Up are already strong and are not strengthened by the 
magnetic field. At the same time the light is not weakened by the magnetic 
field, as it was in the earlier experiments. Above 1500 Gauss the polarisa¬ 
tion falls off for all three lines and disappears at about 2400 Gauss. A. D. 
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2748. Faraday Effect. W. Gerlach. (Zeits. f. Physik. 26. 2. pp. 143- 
144, 1924.)—M. Holmes’s new phenomenon of retardation in the magneto- 
optic Faraday effect [Abstract 68 (1924)) traced to physiological causes. 

A. U. 

2749. The Paschen-Back Effect in the H Atom. H. Falkenhagen. 
(Zeits. f. Physik. 28. 1. pp. 1-10. 1924.)—To explain Oldenberg. Forsterling 
and Hansen’s data [Abstract 530 (1924)) as to the magnetic splitting of 
H„ and H« lines, one possibility seemed to be that, preserving the Bohr 
H-atom, the nucleus is mobile and the masses of the nucleus and the 
electron’ variable in terms of relativity. Calculation does not give the 
required effect, so that it becomes necessary to investigate unconditioned 
periodic systems and to find a quantising for these. A large field of new 
work is thus opened up. 

2750. Application of the Oun to Series Grouping. W. M. Hicks. (Phil. 

Mag. 48. pp. 321-348. Aug.. 1924.)—A defence of the oun. together with 
an application to the discussion of the spectrum of manganese. It lias 
been suggested that, as the oun depends on atomic weights and not atomic 
numbers, it can have no natural significance in view of the discovery of 
isotopes. The usual " atomic weight " is taken to be a statistical mean 
of the atomic weights of the isotopes presont : the ratio of the numbers is a 
definite one, and independent of the source from which the element is 
taken. So in the building up of an clement there must be some cause, 
depending on the constitution of the element itself, which decides in 
what proportion each isotope shall be formed. If this cause also affects 
the doublet and triplet separations, then the oun will depend on the 
observed atomic weight. Faschen's scheme for A1 I. A1 II. and Al 1U 
arc used to illustrate the constancy of the oun. '1 he scries scheme for 
manganese suggested by Catalan is compared with that due to the author. 
Catalan finds that the spectrum can be arranged into series of triplets and 
quintuplets ; the triplets arc unaccompanied by the usual singlet series, 
but in their place is another set of narrow triplets. These can be con¬ 
sidered as split and displaced singlets (" collaterals ") or as independent 
triplets. The evidence for these two hypotheses is sifted in the light of 
the oun. but the result is inconclusive. A- 

2751. The Intensity Distribution of the Components of //«. E. Gehrckc 

and E. Lau. (Ann. d. Physik. 74. 6. pp. 574-576. July. 1924. From the 
Keichsanstalt.)—The intensity distribution of a single line is determined 
by the Gaussian "curve of error" if it is assumed that the principal factor 
in the variation is the Doppler effect of the emitting atoms. The " curve 
of error" is represented by J = 2- ,u> */>°, and it is found that the hydrogen 
line H« shows an intensity variation which agrees with this formula, 
where J is the intensity and $A the difference between the wave-length 
under consideration and the mean wave-length. This evidently implies 
that under the conditions employed each component is determined by 
the Doppler effect. W. V. ft . 

2752. Heat-Equilibrium in Radiation Field in Presence of Matter. 
S. N. Bose. (Zeits. f. Physik. 27. 6-6. pp. 384-392. 1924.)—The prob¬ 
ability calculated for a system consisting of radiation and molecules, and the 
conditions for statistical equilibrium determined. New expressions found 
for the statistical probability of elementary processes involving reciprocal 
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actions of radiation and matter. Criticism by A. Einstein (ibid: pp. 392- 
393,1924). A.D. 

2753. The Emission of Radiation from Platinum. M. Czerny. (Zeits. 
f. Physik, 26. 3. pp. 182-189, 1924.)—If the radiation from incandescent 
metals be examined it is found that at small angles of emission 
the radiation is, to a large extent, linearly polarised. According to 
theory, it is expected that this behaviour occurs to a particularly large 
extent in the infra-red radiation, and at this point it almost approaches 
complete linear polarisation. The experiments recorded were made to 
establish, by measurement, the above theory for platinum, using a wave¬ 
length A = 6-8/x. The source of radiation used was a platinum plate 
26 cm. long, 31 cm. wide and 0 072 mm. thick, which was maintained 
electrically heated by an alternating current at a temperature of 850° C. 
The plate was supported horizontally, and was capable of rotation to any 
known angle about a horizontal axis. After passing through a special 
light filter to absorb the longer wave-lengths, the radiation passed through 
a slit, arranged of such width as to exclude all radiation from the edges of 
the platinum plate and only admitting a uniform beam. A shutter behind 
this slit served to interrupt the passage of the radiation. A mirror system, 
including a spherical mirror, brought the beam to a focus on a second 
slit of such width as to limit the beam to radiation which emerged 
from the first slit to an angle of ± 0-5° in the vertical and ± 1° in the 
horizontal directions. The radiation then passed through a Pfund polariser 
fjohn Hopkins Univ. Arc. 1906, vol. 4. p. 13] rotatable about its axis of 
length. The rays then are successively incident on three calc-spar plates, 
and finally are brought to a focus on a microradiometcr by means of a 
second spherical mirror. The calc-spar reflectors give a wave-length of 
A = 6-76 fj, to the radiation. The detailed experimental procedure is 
recorded, and a table of results for the ratio E,/E p is given. This ratio 
shows the relative manner in which the radiation is emitted from the 
Pt strip according as the electrical vector swings horizontally or ver¬ 
tically, and thus is the ratio of emissivity coefficients. A comparison 
is effected between the results obtained experimentally a nd th us calculated 
from the metallic reflection formula rt . K == 6 -48 V A/co, where w is 
the specific resistance at the chosen temperature, w = 23*14, 
and Ka 1. The agreement is tolerable, and the results confirm the 
theoretical expectation. A discussion of the discrepancies is given and 
possible explanations suggested. The determination of the intensity of 
radiation is also accomplished by utilisation of the results obtained with 
this apparatus. The paper concludes with a discussion of the relative 
merits of various sources of radiation, and compares these with the type 
of Pt strip used in these experiments. S. G. B. 

2754. The Output of Radiation from the Quartz Mercury Arc during the 
Period after First Striking. B. D. H. Watters. (Phil. Mag. 48. pp. 527- 
534, Sept., 1924.)—The variations of output during the time taken by 
a mercury arc to reach its steady state were measured by successively 
exposing a strip of gelatino-chloride paper (P.O.P.) every 30 secs, to the 
full radiation of the arc behind an aperture. An ammeter in series and a 
voltmeter across the lamp terminals gave the rate of consumption of 
electrical energy. A series of tints corresponding to the different exposures 
were obtained on the paper, and these were compared with standard tints 

VOL. XXVII. — a. —1924. ' lvpi.. . . 



LIGHT. 


981 

prepared on the same paper by steady exposures. The method was 
further developed so as to give a series of simultaneous records over the 
whole length of the arc. Finally, the phenomena were recorded by a 
Hilger quartz spectrograph on panchromatic plates. The radiation was 
found undoubtedly to have a starting maximum. The lines seen in the 
spectrum could be divided into three groups, viz. :— 

1 . Lines which show small but gradual increase of intensity as the lamp 
runs steady. 

2. Lines which show an initial maximum followed by a drop and 
steady rise. The line A = 2536 shows this particularly well marked. 

3. Lines which do not appear at all until an interval after the arc is 
struck. The line A = 2848 appears only in the starting spectrum for the 
first 30 secs., and cannot be subsequently detected. 

To see if these phenomena were peculiar to the mercury arc other 
metallic arcs were tested similarly. The iron arc showed a starting 
maximum, but others were too unsteady to give reliable results. S. G. B. 

2755. Method of Production of Radiations Intermediate between Ultra¬ 

violet and X-Rays. G. Reboul and Bodin. (Comptes Rend us. 179. 
pp. 37-39. July 7. 1924.)—In a series of earlier papers one of the authors 
has shown that a high-resistance conductor of heterogeneous composition, 
traversed by an electric current, is the source of emission of a very soft 
radiation, capable of ionizing a gas. of wave length situated between 
ultra-violet and X-rays [see Abstracts 1149 (1921) and 2266 (1922)]. In 
these earlier experiments the source of radiation was simply formed by 
sheets of paper carrying current at a suitable voltage. The present 
experiments extend the investigation to a large variety of chemical con¬ 
ductors, pulverised and pressed into tablet form, these being chiefly 
Compounds of mercury, copper, iron and tin. The results arc given in 
tabular form, indicating the voltage necessary to produce the radiation 
and the intensity of the latter in arbitrary units. A study of the absorption 
coefficients in air of the soft radiation yields values varying between 
9 and 15 cm -1 . A. B. W. 

2756. Quantitative Infra-red Absorption Measurements and Molecular 
Structure. J. Lecomte. (Comptes Kciulus, 178. pp. 2073-2075, 
June 16. 1924.)—Measurements of absorption on different organic sub¬ 
stances have led to the following conclusions: Opacity is often a function 
of the organic groups contained in the molecule, e g. OH ; = C = C ^ ; 
must be examined in thicknesses of not more than , mm. 

The effect of groups is not additive ; if the same group enters twice 
into a molecule the absorption is not doubled. If two groups are close 
together in the molecule the two peaks arc well defined; the more 
distant they become as other groups intervene, the more burred is the 
intervening region in the spectrum, and finally they join. This also 
seems to hold for groups which differ, e.g. the carbonyl and carboxyl 
groups. These facts are taken to indicate that it is not the whole 
molecule which vibrates, but groups within the molecule. A. C. M. 

2757. The Red Displacements of the Fraunhofer Lines. W. H. Julius. 
(Zelts. f. Physik. 27. 1. pp. 23-29. 1924.)—The contention of E. St. John 
[ibid. *21. 3. p. 159, 1924] that the edge-centre displacements arc a 
consequence of differential dispersion is now found to be untenable. 
New considerations are advanced in the present paper explaining such 
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displacements as due to anomalous refraction. Should the latter view 
be correct, the red displacements in the centre spectrum must also be 
traced to anomalous refraction. Having regard to these facts, the author 
opines the existence of the Einstein gravitational displacement to be at 
least very doubtful. H. H. Ho. 

2758. The Compton Effect. M. de Broglie and A. Dauvillier. 

(Comptes Rendus, 179. pp. 11-14, July 7, 1924.)—In earlier investigations, 
using the K-rays of tungsten and secondary radiators of carbon and 
aluminium, the authors have obtained photographic evidence confirmatory 
of the results published by A. H. Compton [see Abstract 1487 (1924)]. 
Clark and Duane, on the contrary, interpret the authors’ remarks in 
another manner. It is now shown that the Compton effect can be 
obtained using radiators of silver, boron, glucinum and aluminium. The 
Compton effect is shown to be produced in these cases without any sign 
of the " tertiary radiation ” of Clark and Duane. A. B. W. 

2759. Spectvographic Investigation of the Compton Effect. A. Dauvll- 
lier. (Comptes Rendus, 178. pp. 2076-2078, June 16. 1924).—An 
investigation of the Compton effect is described, using an experimental 
arrangement which permits of variation of the wave-length of the primary 
X-rays and the azimuth and nature of the diffuser. As exciting rays 
the Ka-rays and silver and copper and the L/J-rays of gold have been 
employed. As diffusers, lithium, carbon (graphite), aluminium, copper, 
silver, gold. lead. Of these diffusers lithium only has given entirely 
negative results—the cause of this is still undiscovered. The Compton 
effect is only shown well with Ka-rays of silver and a radiator of graphite. 

Radiating a diffuser of graphite with different wave-lengths, it has 
been found that the Compton effect becomes very weak at 10 A.U., 
and disappears completely about 1*6 A.U. It does not exist, of course, 
in the region of optical wave-lengths. 

The author concludes that the Compton effect only appears in the 
case where the selective absorption is very feeble, and it is far from having 
the generality predicted by the theory. A. B. W. 

2760. Magnetic and Electric Spectroscopy. W. Arkadiew. (Zeits. f. 

Physik, 27. 1. pp. 37-55, 1924.)—The paper deals mathematically with 
a collection of the experimental results of a large number of investigators 
who have measured the magnetic permeability of wires of iron, nickel, 
etc., over a wide range of frequencies. Plotting permeability /a against 
frequency v for a particular specimen, it is found that the magnetic 
spectrum is very complex, the permeability varying in a most irregular 
manner with frequency. The range of values plotted extends from 
A = 10 fXfx to 10 6 km.— i.e. from ordinary optical wave-lengths to the 
longest wireless waves. Various theories are discussed in an attempt to 
analyse these experimental values. A. B. W. 

2761. Extension of a Property of Band Spectra to a number of Line 
Spectra. H. Deslandres. (Comptes Rendus, 179. pp. 4-11, July 7, 
1924.)—Previous work on band-spectra has shown that the frequencies 
of the strongest heads are multiples of the elementary frequency 1002 -5, 
and a formula has been given [see Abstract 1203 (1919)] for the frequencies 
of the entire spectrum. It has now been recognised that a considerable 
number of raxes ultimes expressed in frequencies are also multiples of 
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the same elementary frequency. Deviations from this approximate rule 
are shown for the most prominent lines of a number of elements. I*, b. 

2762. Spectra and Critical Potentials of Fifth Group Elements. A. E. 
Ruark. F. L. Mohler, P. D. Foote and R. L. Chenault. (Bureau of 
Standards. Sci. Papers No. 490. pp. 463-486. 1924.)—This paper discusses 
the arc spectra and critical potentials of arsenic, antimony, and bismuth, 
revised values of the critical potentials being given, while information 
on the spectrum of singly ionised nitrogen and the various spark spectra 
of bismuth is included. The resonance potentials of the neutral atoms 
are found to correspond to the mean excitation voltages of groups of 
spectra lines. Photographs of the thermionic discharge in bismuth were 
used to separate the excitation stages of the bismuth atom ; groups o 
spark lines appear at 14 ± 1 and 25 ± 5 volts. The description is very 
complete of the experimental work undertaken and of the voluminous 
data obtained. The bismuth absoiption spectrum was studied in dctai , 
while classifications of lines of N+. As. Sb. Bi. and Bi+ were obtained. 
As. Sb. and Bi arc found to have doublet spectra, and. to describe pheno¬ 
mena connected with the existence of very narrow doublet levels in 
A1+. Bi. and other elements, it is proposed to introduce a new quantum 
number, termed the fine quantum number. The paper is replete with 
tables and illustrations. 

2763. The S-Rav Spectrum of Radium and its Meaning. O. Hahn 
and L. Meitner. (Zeits. f. Physik. 26. 3. pp. 161-168. 1924.)— Ihc 
radium was purified as far as possible from emanation and the other 
active disintegration products, and deposited on a platinum wire by 
electrolysis as radium carbonate. After washing, the wire was carefully 
heated to incandescence for a few minutes. It was found that at the 
commencement of an experiment this preparation contained only one 
thousandth part of the equilibrium quantity of the active deposit. 1 holo¬ 
graphs of the 8-ray spectrum were taken at definite intervals after 
preparation. The first exposure took five hours, at the end of which 
time about 5 per cent, of active deposit had been formed ; the 
second, twenty hours later, was for three hours, to reduce fogging 
from the emanation produced, which, however, was kept down by 
means of liquid air; other exposures were made later, the periods 
of interval increasing to several days. In the first exposure five lines 
were photographed; two of these increased in intensity in tl‘ c later 
exposures, and were accompanied by new lines. All of these arc due to 
the active deposits; the other three are due to radium ; their energies 
arc 1-40 X 10“ 7 . 2-73 x 10- 7 and 2-95 x 10- 7 ergs, and the difference 
between the energies of the first and the second and the second and the 
third correspond, in order of magnitude, to the difference between the 
energies of separation of an electron from the K and L levels and the 
difference for the L and M levels; the conclusion is that the three /3-rays 
originate in the K, L and M levels. It is found, however, that within 
the limits of accuracy of the experiments it is not possible to decide 
whether the p rays are to be considered as coming from the radium atom 
or from the radon atom formed from it. Calculating on the latter 
assumption, the mean value of the energy of the y-radiation which 
separates the three p rays is 2-98 x 10' 7 ergs and the wave-length is 
6 6 X 10“ 10 cm. This is clearly a nuclear radiation. H. N. A. 
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2764. Band-Spectra of Oxide and Chloride of Silicon, and of Chlorides 
of Carbon, Boron, and Aluminium. W. Jevons. (Roy. Soc., Proc. 106, 
pp. 174-194, Aug. 1 , 1924.)—Observations were made with a glass 
constant-deviation instrument, a quartz spectroscope, and a grating of 
the discharge through silicon-chloride vapour. AICI 3 vapour (auxiliary 
heating used), CC 1 4 , riCl 4 , BC 1 3 , and a mixture of SiCl 4 and oxygen. 

The uncondensed discharge in SiCl 4 vapour gives a system of u-v. 
bands degraded towards the u-v., in two parts on either side of A2610; 
each part is again divisible into sub-systems having wave-number separa¬ 
tions of 525, 205, and 195. These bands are attributed to a chloride of 
silicon. 

W hen oxygen is present in addition, another set of bands occurs, 
w ith heads degraded towards the red. These bands were previously 
observed by de Gramont and de Watteville, and attributed by them to 
silicon. Evidence is given for attributing them rather to an oxide of 
silicon. The heads have been remeasured and grouped. 

The discharge in A1C1 3 gives band heads about 2610, which exhibit 
numerical relationships. 

The bands given by CC1 4 and BC ! 3 have also been measured; admission 
of oxygen in these cases also brought out the oxide band-spectrum. 

The bands recently attributed by Mulliken to boron monoxide were 
not found when the oxide bands in the BC1 3 tube were developed, so that 
it appears that the earlier ascriptions to boron nitride probably still 
stands. . A. C. M. 

2765. Distribution of Energy in the Mercury-Arc Spectrum. G. 
Athanasiu. (Comptcs Rendus. 178.pp. 2071-2073, June 16. 1924.)—Energy 
distribution in the mercury-arc has been measured, using a thermoelectric 
arrangement. The object was to find if the energy of the lines belonging 
to the same series underwent the same variations in intensity when the 
arc conditions were varied. The lines examined were the first triplet 
of the sharp series and the first two triplets of the diffuse series, and also 
the yellow group A5769-90. 

It was decided that as the voltage varied (from 30 to 80 volts) the 
energy curves for lines belonging to the same series had the same character. 

The intensity-ratio for two lines of the same series remained constant 
during the voltage interval examined. For lines belonging to different 
series the ratio varied greatly, and was even in some cases inverted. 
Erratum {ibid. p. 2288, June 30, 1924). A. C. M. 

2766.. Mercury Band-Spectrum. K. T. Compton and L. A. Turner. 
(Phil. Mag. 48. pp. 360-363, Aug., 1924.)—Observations on a hot-kathode 
tube containing mercury and hydrogen suggest that the well-known 
band-spectrum of mercury seen when mercury is distilled is due to a 
hydride of mercury, in agreement with the conclusions of Hulth 6 n, 
Kratzer, and Mulliken. These have shown independently that the 
spectrum is probably due to a combination of a mercury atom with a 
light atom. 

, The band-spectrum almost entirely disappeared when the hydrogen 
was pumped out with a diffusion pump. The behaviour of the striations 
in the tube when the concentration of hydrogen was varied suggest that 
the spectrum is due to a reaction in which a mercury atom .which has 
been excited combines with one. hydrogen atom from a molecule, thus 
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liberating the other hydrogen atom. This hypothesis will also account 
for some observations of Cario and Franck. The bands appear with 
greatest intensity in the region where the concentration of excited mercury 
atoms in the 2 p states is greatest. An attempt to excite these bands 
optically by absorption of A2536 resonance radiation in a mercury- 
hydrogen mixture failed. A. C. M. 

2767. A Possible Explanation of the Behaviour of the Hydrogen Lines in 
Giant Stars. K. T. Compton and H. N. Russell. (Nature. 114. pp. 86- 
87. July 19. 1924.)—While the general behaviour of the absorption lines 
in stellar spectra has been well accounted for by thermodynamic theory, 
the Balmer series shows marked peculiarities. According to elementary 
theory, the fraction of all the hydrogen atoms present which are in 
the two-quantum state should be f 2 = where — x 2 

.» resonance potential and q 2 the weight of the two-quantum state. For 
T = 5000° ./ 2 = 6x 10“ n ? 2 . 

For comparison take A4481 of Mg. for which at T =-• 5000" ./ 2 *= 1-2 
X 10 “V 2 - 

Yet the line A4481 is barely visible in the solar spectrum, and H„ is 
one of the strongest lines. It appears necessary, therefore, to assume 
that the effective value of q 2 for the two-quantum state of hydrogen is 
increased by a very large factor, which increases as the pressure diminishes. 
A tentative explanation may be found in the fact that one of the two 
two-quantum states of hydrogen is mctastablc. If it may be assumed 
that the number of hydrogen atoms in the 2s state in a star’s atmosphere, 
and hence the effective value of q 2 is greatly increased when the life of 
the mctastablc state is long, the peculiar behaviour of the Balmer lines 
becomes explicable. Similar considerations arc applied to the helium 
atom, and an observational test of this great concentration of atoms in 
metastable states, in stellar atmospheres not in equilibrium, is suggested. 

W. V. M. 

2768. Band-Spectrum of Hydrogen. H. S. Allen. (Hoy. Soc., Proc. 
106. pp. 69-82, July 1, 1924.)—A review of the attempts made to classify 
the secondary hydrogen spectrum lines into band systems, together with 
a recalculation of the constants for the first and second Fulcher bands. 
It is shown that the lines of the scries Sj to S 7 in the first band are all 
duo to the same molecular system ; the constants obtained in the para¬ 
bolic formula? depend on the numeration employed, and so it is impossible 
from them to arrive at a definite value for the moment of inertia for the 
hydrogen molecule. 

If the scries Sj, S 2 . S 3 arc treated as half-quantum scries, the values 
1*761 X 10“ 41 and 1-827 x 10“ 41 gm./cm. 2 arc obtained for all the 
series for the initial and final states of the molecule. The constants in 
the formula? forthcsccond band correspond tosmallcr values of the moment 
of inertia, and therefore contradict the suggestion of Kiuti that the first 
and second bands and his high-pressure series arc all due to the same 
molecular system. Certain new scries are recorded. A. C. M. 

2769. Ultra-violet Oxygen Emission Bands. R. C. Johnson. (Roy. 
Soc., Proc. 105. pp. 683-691, June 2. 1924.)—A redetermination of the 
wave-lengths of the ultra-violet emission bands was made, using an end-on 
tube, carefully cleaned and purified oxygen being obtained by having 
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side-tubes containing caustic potash (carbon-removal as dioxide), phos¬ 
phorus pentoxide (removal of water-vapour), and K 2 Mn 2 0 8 (provision of 
oxygen by heating). Six-hour exposures were made, fresh oxygen being 
admitted every twenty minutes. 

The identity of the bands with ozone emissive bands is held to be 
now excluded, differing with Staube and others. Faint bands were 
recorded at the time, which probably were due to ozone. The main 
oxygen band system can be represented by 

V = {{420} + > 6 9 -*S^ a - I 3 S 7 m 2 . 

This is similar to the arrangement of the first positive nitrogen bands 
and the longer wave-length cyanogen bands. The fine-structure is not 
sufficiently clear to calculate what oxygen molecule is responsible for this 
band-spectrum. A. C. M. 

2770. The Absorption Spectra of the Elements of the Iron Group. E. v. 

Angerer and G. Joos. (Ann. d. Physik, 74. 8. pp. 743-756, Aug., 
1924.)—The importance of absorption spectra in the investigation of 
atomic structures is first discussed by the authors. The effect of tempera¬ 
ture on the numbers of atoms out of their " normal ” state is mentioned, 
and a table drawn up showing that if the energy difference between normal 
and excited state be great enough, the effect is negligible. Experimental 
details of the source of light (an aluminium spark) and of the production 
of the metallic vapours are given, together with a description of the 
spectrograph used. A table of wave-lengths of observed absorption lines 
of the iron spectrum is included, classification being made according to 
the triplet-quintet system of previous workers. It is concluded that the 
" fundamental level ” (Grundzustand) is the d' level. This is unlike the 
results for any other atom, and implies that the magneton number is 6. 
Tables arc also given of absorption lines for Co and Ni, but so far no 
general scheme has been found for these spectra. Experiments have also 
been performed on iodine, and it is concluded that atomic iodine is 
" transparent ” between 6700-2300 A. W. V. M. 

2771. On the Luminescence of Nitrogen. Argon and other Condensed 
Gases at very Low Temperatures. J. C. McLennan and G. M. Shrum. 
(Roy. Soc., Proc. 106. pp. 138-149. Aug. 1. 1924.)—The paper contains 
the results of experiments made by the authors on the bombardment 
by electrons of N, Ar. CO, 0 2 , NH 3 , and water-vapour. The conclusions 
of Vegard [see Abstract 2093 (1924)] are not confirmed, the main results 
being:— 

1. When nitrogen vapour at — 252° C. was irradiated by electrons of 
high and low speeds, it became luminescent, and the spectrum of the 
emitted light was found to include three wave-lengths in the yellow-green 
region at A == 6556, 6617, and 5654 A. 

2. When argon was similarly treated the spectrum of the light emitted 
included two wave-lengths in the yellow-green region at A = 5648-3 A. 
and A = 5607-4 A. 

3. The spectrum of nitrogen phosphorescing at the temperature of 
liquid hydrogen was found to consist in the visible region of a single wave¬ 
length at A = 5231 A. Irradiation by electrons caused solid nitrogen to 
phosphoresce brilliantly. 
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4 . The spectrum of argon phosphorescing at the same low temperature 
consisted in the visible region of a strong wave-length at A = 4750 and a 
weak one at A = 5300 A. 

5. The phosphorescence of N at low temperatures was very brilliant, 
and persisted for some minutes after excitation ceased, while that of 
argon died out rapidly and was visible for a few seconds only after excita¬ 
tion was stopped. 

6. Solid carbon monoxide (chosen for experimental test because of its 
electronic configuration being similar to that of nitrogen), ammonia, 
oxygen and water-vapour did not phosphoresce and did not become 
luminescent under irradiation by electrons at the temperature of liquid 
hydrogen. 

7. From the fact that the excited luminescence lines in the spectra of 
very cold nitrogen and argon do not coincide even in part with the green 
auroral line A *= 5577 A., the authors are forced to the conclusion that 
the origin of the auroral green line cannot as yet be definitely connected 
with the elements nitrogen or argon. 

8. The experiments, as carried out so far. do not preclude the possibility 

of the auroral green line having its origin in some lighter element—in 
solid hydrogen, or in very cold luminous hydrogen, or helium or hydrogen- 
helium vapours, for example—provided the proper mode of excitation be 
used. W * V ' M ' 

2772. Fine-Structure of Nitrogen, Oxygen, and Fluorine Lines in the 
Extreme Ultra-violet. I. S. Bowen and R. A. Millikan. (Phil. Mag. 48. 
pp. 259-264, Aug., 1924.)—A report has already been made of the rough 
wave-lengths of lines in this region, using first-order spectra [Abstract 
1466 (1924)). Fine-structure work has now been done in orders up to 
the tenth. The same hot-spark method has been employed, and the 
separations are claimed to be accurate to about 0-01 A. I hus wave¬ 
length standards in the region below 1000 A. are now provided. It is 
shown that A834 0 O and A1085-2 N are not due to the stripped atoms, as 
was at first supposed, while 1550 C and not 1335 C is due to the stripped 
carbon atom. The main purpose of the paper is to draw attention to 
the accuracy now being obtained in this region. Complete details are to 
appear later. A - C. M. 

2773. Structure of the Second Positive Group of Nitrogen. Part I. 

P. Llndau. (Zeits. f. Physik, 25. 3. pp. 247-252, 1924.)—This part 
describes a projection apparatus designed to facilitate the measuring up 
of the author’s spectrograms, owing to the great complexity of this spectrum. 
Between 3450 and 3900 there are five lines per A.U. The calibration and 
accuracy of the apparatus are discussed. A.C. M. 

2774. Absorption-Spectrum of Naphthalene-Vapour and Structure of the 
Naphthalene-Molectde. V. Henri and H. de Lfiszld. (Roy. Soc., Proc. 
105. pp. 662-682, June 2. 1924.)—A concise account of the quantum 
theory of band-spectra is given, followed by detailed illustration in the 
case of naphthalene vapour. Proceeding in the direction of finer resolution, 
band-groups arc due to change of electronic configuration, narrow bands 
to change of atomic arrangement (in many cases, e.g. the present, groups 
of atoms rather than single atoms), and the band-lines to molecular 
rotation. It is found that often narrow bands exist without possessing 
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fine-structure, i.e. atomic vibration without molecular rotation being 
quantised. In many substances the band-lines disappear from the bands 
beyond a certain wave-length going into the ultra-violet, and at a still 
further limit the narrow bands also vanish. 

A tentative explanation is put forward as follows: A molecule con¬ 
sisting of atomic groups A.B. are bound together by electrons having 
common orbits around A and B or in symmetrical positions. Quantisation 
of the mutual vibratory movements gives rise to narrow bands and lines. 
I’or l° w frequencies, transitions are involved leading to little change in 
the electronic positions ; but as the frequencies become greater the bands 
may become looser, and so the rotatory movement of the molecule ceases 
to be quantified, so that the fine structure of the bands vanishes. This 
leads to a determination spectroscopically of the energy required to bring 
about this intramolecular change, eg. in naphthalene 101,000 cals, per 
gm./mol. The present measurements were made with quartz spectro¬ 
graphs upon a tube entirely of quartz, using as a source of continuous 
light the condensed discharge under water, with either Cu or A1 elec¬ 
trodes. Intensities were measured by finding the minimum pressure of the 
vapour at which the band was first visible ; the intensity of the band is 
then given by the inverse of the pressure. The wave-lengths of the 
bands are considered in detail, and fitted into the quantum formula;. 
The spectrum is much less complicated than would be expected from the 
great molecular weight; it appears to be due to the vibrations of the 
two benzene nuclei and the two C 3 H 3 groups in each nucleus. The moment 
of inertia of the molecule is calculated from the fine-structure formula;, 
and would appear to be smaller than the value which follows from Bragg’s 
dimensions (which assumes the distance between the carbon atoms to be 
the same as in the diamond crystal). A. C. M. 

2775. The Origin of the So-called Cyanogen Band, 3883 A. E. 

Freundlicfa and E. Hocheim. (Zeits. f. Physik, 26. 2. pp. 102-105, 
1924.)—Spectrographic records were made of a specially designed spectro¬ 
scopic oven, firstly, of nitrogen in the presence of carbon, and, secondly, 
of nitrogen in the absence of carbon. In both cases the oven was heated 
sufficiently (to about 2150°) to produce the emission of the 3883 A. band. 
The oven itself consisted of a tungsten tube supported horizontally between 
two electrodes and enclosed in a steel bomb. The bomb had quartz 
windows at either end, so that vision was possible through the tube in 
the direction of its length. The temperature was observed by a Kurlbaum 
pyrometer. A quartz lens was utilised to focus the light on the slit of 
a spectrograph. The latter had a Rowland grating and a Littrow mounting 
for slit and camera. The dispersion was about 2 A. per mm. It was 
found that the band 3883 A. does not appear if carbon is absent, but 
only occurs when carbon is present. S. G. B. 

2776. Luminescence of Solidified Gases. L. Vegard. (Comptes 

Rendus, 179. pp. 151-153, July 21, 1924.)—Neither argon nor any of the 
gas examined give under canal-rays or rapid kathode-rays a luminescence 
comparable to that of solid nitrogen below 35*5° K, which is the only 
gas applicable to the aurora borealis. A. D. 

2777. Emission Spectra of Mixed Alkali Vapours. F. H. Newman. 
(Phil. Mag. 48. pp. 159-163, July, 1924.)—A continuation of earlier work 
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[see Abstract 63 (1924)]. Sodium-potassium alloy formed the electrode 
in a quartz tube, having side-tubes at the electrodes. Spectra were 
photographed at different pressures ; at high vapour pressures auxiliary 
heating was provided by a nichrome coil wound round the tube, but 
otherwise the heating effect of the discharge was sufficient to maintain 
sufficient vappur. The sodium-potassium bands increased in brightness 
as the current increased or the temperature of the tube increased. A 
table is given of the wave-length of the band-lines. A. C. M. 

2778. Luminous Spectra of Solid Nitrogen. L. Vegard. (Comptes 

Rendus, 179. pp. 35-37, July 7. 1924.)—Examination of the spectrum of 
solid nitrogen bombarded by kathode-rays of small velocity with high 
dispersion shows a band, N,. giving a principal maximum at A = 5555 A., 
with secondary maxima at 5611 and 5649, and a second band. N 2 . appearing 
as a single diffuse line at A = 5229 -4 A. A layer of solid argon containing 
traces of nitrogen gives a narrower N, with a principal maximum at 5604. 
Thus for different concentrations of nitrogen the principal maximum 
varies over a range containing the line of the aurora borealis at its centre. 
The narrowing of the bands, which is independent of the temperature, 
thus occurs when the particles of nitrogen become smaller. The line of 
the aurora (A = 5577 A.) is the limit of N, when the crystals of nitrogen 
in space are reduced to molecular dimensions. Nitrogen so bombarded 
also gives both in the ultra-violet and in the red characteristic bands 
which arc found in the spectrum of the aurora, but a different elfect is 
obtained when the bombarding is by positive rays of nitrogen, helium, 
and hydrogen. Here the bands correspond to those observed by Rayleigh 
in the light of the night sky. G. A. S. 

2779. The Tungsten M-Series. R.Thoraeus. (Zeits.f. Physik, 26. 6. 
pp. 396-399, 1924.)—The paper is a continuation of the work of the 
author on X-ray spectroscopy and records many new measurements of 
the M-series for tungsten. This was rendered possible mainly by the 
substitution of a thin celluloid membrane coloured red. as window of the 
X-ray tube, in place of the previously used gold-leaf covering. A table 
of results is given, and shows that of the 17 anticipated spectrum lines of 
the M-series of tungsten all but four were found and actually measured. 
The paper contains full experimental details and notes of procedure. 

S. G. B. 

2780. A Note on the Excitation of the so-called Spark Lines in the K- 

Series of the Rontgen Spectra and the Theory of Wentzel. E. Biicklin. 
(/.cits. f. Physik, 27. 1. pp. 30-31, 1924.)—The lines a 3 . a 4 , a 5 . a 0 of the 
K-series appear to be a multi-ionisation of the atom as assumed on the 
Wentzel theory (sec Abstract 1313 (1922)]. The present investigation 
seeks to obtain a more exact connection between the lines and the dillercnt 
ionisation degrees possible. The Ka 4 and Ka 0 lines of aluminium have 
l>ecn photographed with the Sieghahn vacuum spectrograph at voltages 
less than the excitation ones employed by Wentzel, and from the data 
obtained it would appear that the present form of the Wentzel theory is 
not entirely in agreement with the facts. H. H. Ho. 

2781. X-Ray Spectroscopy. The Cause of the Swelling m Various 
Fibres. J. R. Katz. (Pbys. Zcits. 25. pp. 321-326, July 1. 1924.)—The 
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question whether water is taken up between “ mizellen ” (small crystals 
or other small bodies of 1 to 100 ftp. magnitude), i.e. intermizellar, or as 
solid solutions, i.e. intermolecular, can be subjected to direct experimental 
proof by X-ray spectroscopy. The general experimental arrangement 
is described in detail and the following points are considered : the swelling 
of cellulose and cellulose-hydrate in water, the swelling of silk-fibroin in 
water. The fibres used are unmercerised Ramie, Ramie which has been 
slightly mercerised, manilla hemp, artificial silk of the viscose variety, 
artificial silk of the cuprammonia type, Ramie which has been very 
strongly mercerised in zinc-chloride solution, and silk of the Bombyx 
mori. Photographs are given which show the influence of the swelling 
on the X-ray spectrogram in the case of cellulose hydrate in fibre form, 
silk-fibroin and Ramie. It is concluded that it is probable that with 
cellulose, cellulose-hydrate and silk-fibroin the swelling is intermizellar. 
It is, however, stated thas these experiments must not be taken to indicate 
that the swelling is always intermizellar, but each case must be considered 
on its individual merit. A. E. G. 

2782. Liquid Crystals, Soap Solutions and X-Rays. J. W. McBain. 

(Nature, 114. p. 49. July 12. 1924.)—A photograph is shown of the trans¬ 
parent anisotropic plastic phase occurring in 2-5 N solution of potassium 
laurate at 45°, use being made of slightly convergent light and crossed 
Nicols. The characteristic fan-like structure composed of focal lines is 
shown very clearly, ample justification being furnished for Friedels 
designation of this state of matter as " liquide a conique.” which he now 
proposes to supersede by the term “smegmatic” (smectique), in order to 
place soap-curds in this class. Since, however, curd-fibres are discrete 
and differ greatly in almost every way from the conic anisotropic liquid 
soap examined by the author, the classification of opaque soap-curds as 
smcgmatic appears inapt. • * • 

2783. Scattering of X-Rays by Free Electrons. K. Fdrsterling. 

(Phys. Zeits. 25. pp. 313-320. July 1. 1924.)—After referring to the work 
of Compton [Abstracts 2194 (1923) and 1489 (1924)] and of Debye 
[Abstract 1878 (1923)], the author deals mathematically with the 
scattering of X-rays by free electrons. In the first section of the 
paper the transformations of energy during the passage of homogeneous 
light waves through free electrons are dealt with according to Maxwell s 
theory. This is followed by a treatment of the subject on the basis ol 
the quantum theory. A comprehensive abstract is not possible; toe 
original should be consulted. A. B. • 

2784. Scattered X-Rays. P. A. Ross. (Nat. Acad. Sci., Proc. 10. 
pp. 304-306, July. 1924.)—The writer has previously published a photo¬ 
graph of the molybdenum K-lines scattered at 90 from a paraffin block. 
This spectrogram showed an unshifted scattered line and a shifted line 
agreeing in position with that required by Compton’s quantum theory of 
scattering. It has since been suggested that the shifted line might be 
explained by the tertiary radiation theory of Clark and Duane. More 
recent and much better spectrograms make it clear that this explanation 
is not tenable. From the spectrograms here published it may be seen 
that there is a shift of the magnitude required by the Compton theory 
not only when the radiation is scattered by light elements, but also an 
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exactly equal shift with a heavy element, such as lead. It can be seen 
that toward the heavy elements the intensity of the shifted as compared 
with the unshifted line falls off very greatly. Two of the spectrograms 
show the variation of the intensity and amount of shift with angle of 
scattering. The amount of shift at 30° and 60° agrees with that required 
by theory. That this line cannot be due to a strongly filtered tertiary 
peak from carbon and the shift and decrease of intensity due to greater 
filtering at small angles is proved by the fact that at 30 the modified 
line has moved past the short wave-length limit of the tertiary peak 
computed from the carbon K absorption limit. A. E. <>. 


2785. The Scattering of X-Rays. A. H. Compton. (Frank. Inst. J. 
198. pp. 57-72, July. 1924. Based on paper read before the Am. Assoc, 
for Adv. of Science. Dec.. 1923.)—This paper is confined to a discussion 
of some of the points which present a revolutionary change in ideas 
regarding the process of scattering electromagnetic waves. No attempt 
is made to describe the great amount of experimental and theoretical 
work which has been done on the subject. The theoretical researches of 
J. J. Thomson and the experimental work of Barkla and others had shown 
so striking an agreement between experiment and the theory of the scatter¬ 
ing of X-rays based upon the usual electrodynamics that scattering has 
been classed with dispersion and interference as a phenomenon that is 
completely explicable according to classical ideas. Within the past two 
years, however, scattering phenomena have been observed which arc so 
directly contrary to the production of the usual electrodynamics that the 
attitude taken has apparently almost to be reversed completely. It was 
thought that the scattering of X-rays could be explained on the assumption 
that radiation proceeds in spherical waves, spreading in all directions in 
space. It is now found that to retain this assumption, if recent results 
are correct, both the principle of the conservation of energy and the 
principle of the conservation of momentum must be abandoned. On the 
other hand, the observations can be explained simply by imagining the 
rays to consist of discrete quanta proceeding in definite directions. A 
diagram of the apparatus used is given. A photograph shows the spectrum 
K-rays from molybdenum scattered from parafiin and reflected from 
calcite. It is endeavoured to show that the existence of recoil electrons 
and the close agreement with the predictions as to their number, direction 
and velocity supplies strong evidence in favour of the fundamental hypo¬ 
theses of the quantum theory of scattering. (Sec also Abstracts 634. 651, 
and 1186 (1924).] A. E. G. 


2786. X-Ray Phosphorescence. J. A. Bearden. (Nature. 113. pp. 
857- 858, June 14. 1924.)—In examining photographs of the /3-ray tracks 
produced in air, C. T. R. Wilson [Abstract 2213 (1923)] found that two 
tracks, which were undoubtedly pairs, were not alike : one was sharp and 
the other was a diffuse track—that is, pairs exist of which the two compo¬ 
nents have been ejected with an appreciable time interval. He roughly 
estimates this time interval to be of the order 0 001 of a second. The 
first track he attributed to the photoelectron ejected by the primary 
X-ray, and the second track to an effect of the resulting fluorescent 
radiation. 

The author now outlines an investigation of this secondary radiation 
by a more direct method. It is shown tliat the time interval between 
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the incident X-rays and the fluorescent rays excited in iron and aluminium 
must be less than 10~ 5 seconds. In these experiments the elements used 
Were of higher atomic number than were those used by C. T. R. Wilson, 
and they were also solids instead of gases. The results obtained are thus 
not necessarily inconsistent with Wilson’s conclusion that in his experiment 
a time interval of 10~ 3 seconds elapses between the receipt of the primary 
ray and the emission of the fluorescent ray. A. B. W. 

2787. X-Ray Diffraction Images of Slits. B. Walter. (Am. d. 

Physik, 74. 7. pp. 661-672, July. 1924.)—Using wedge-shaped slits of the 
order of 40 /x in width the author has obtained diffraction images on a 
photographic plate when the slit is illuminated by monochromatic X-rays 
from a copper anti-kathode. The observed positions of the first and second 
diffraction lines arc in approximate agreement with the values calculated 
from the dimensions of the apparatus and wave-length of the X-rays. 
The important bearing of the observations on X-ray spectrographs is 
discussed. A. B. W. 

2788. X-Ray Spectrographic Observations with Cellulose. III. H. W. 

Gonell. (Zeits. f. Physik, 25. 2. pp. 118-120, 1924.)—Reference is made 
to previous investigations on the structure of cellulose by X-ray methods 
(sec Abstract 1084 (1921)]. The present note deals with the structure of 
" broom,” " mulberry ” and hydroccllulose. X-ray photographs showing 
the Debye-Scherrcr interference rings, indicating the crystalline structure, 
being reproduced in each case. A. B. W.- 

2789. Anomalous Zeeman Effects. W. Heisenberg. (Zeits. f. Physik, 
26. 4-6. pp. 291-307, 1924.)—Endeavours, by a simple extension of the 
quantum-theory rules, to describe a part of the phenomena due to the 
coupling of several electrons and to set forth the laws of multiplots and 
the Zeeman effect in a more coherent form. The departures from the 
law of superposition and the permanence law of the Zeeman effect seem 
hardly explicable unless we admit that one value of the coupling energy 
is to be defined, not by one number of quanta, but by two. . A. D. 

2790. X-Ray Studies of Copper-Aluminum Alloys.- E. R. Jette,' 
G. PhragmSn and A. F. Westgren. (Inst, of Metals, J. 31. 1. pp. 198- 
206 ; Disc, and Corres., 208-216, 1924.)—A number of alloys of aluminium 
with copper have been submitted to X-ray analysis, and it is concluded:— 

1. In the a-phase simple substitution of aluminium atoms for copper 
atoms takes place, resulting in an enlargement of the lattice. 

2. Addition of copper to aluminium causes a slight shrinkage of the 

lattice. ; 

3. The y'-phase (16-25 % Al) is formed by complex substitution, 
probably three copper atoms being replaced by two aluminium ones. 

4. The 8-phase (CuAlj) is a body-centred tetragon, axial ratio 
1 :0-806. . • • ‘ - * 

6. Attempts were made to determine the structure of the £*phase, 
but without much success. . • > . : - 

In the Discussion, H. Weiss pointed out that the difference between 
the authors’ structure for CuA 1 2 and that of Owen and Preston was not 
so great as might appear at first sight. He also discussed the relative 
advantages and disadvantages of the powder method of X-ray analysis. 
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E. A. Owen discussed the structure of an alloy containing 27 % Al, which 
might be interpreted either as a symmetrical solid solution or as a chemical 
compound. W. Rosenhain emphasised the need of careful metallurgical 
manipulation as well as of accurate physical measurements. He suggested 
that the complex substitution in the y'-phase might be explained by 
assuming non-homogeneity. He also discussed the difference between 
solid solutions and compounds. F. C. Thompson uttered a warning 
against the use of the powder method with ductile materials. J. L. H. 

2791. The Chance of an Electron being Ejected Photo-electrically from 
an Atom by X-Rays. G. E. M. Jauncey. (Phil. Mag. 48. pp. 81-88 
July, 1924.)—Suggests that Owen’s law should be replaced by an empirical 
law that the chance of an electron being ejected photo-electrically from 
an atom by X-rays is proportional to the cube of the wave-length ot the 
X-rays and to the square of the binding energy of the electron to the atom, 
provided that the wave-length is short enough to eject the electron. 
Experimental data. 

2792. Spectrophotometry of the Zeeman Effect in very Weak Magnetic 

Fields. W. Mohammad. (Phil. Mag. 48. pp. 386-592. Sept., 1 ® 24 *J 
Spcctrophotomctric observations of the Zeeman effect exhibited by t ic 
zinc red line A6364 A. in weak magnetic fields ranging from 290 to 871 
Gauss confirm Voigt s conclusion that in weak magnetic Helds the resolved 
lines exhibit a dissymmetry such that the greater intensity is exhibited 
by the outer component on the red side, whilst the component on the 
violet side is more displaced from the normal position of the unresolved 
line. Such dissymmetry may be attributable to couphug between electrons 
having different frequencies, to a modification of the quasi-elastic forces, 
to a change in the structure of the radiating particles due to the magnetic 
field, or to interaction of the magnetic and elcctnc forces. (See also 
Abstract 1252 (1914).] J.b.O. 1. 

RADIO-ACTIVITY. 

2793. Quantum Theory of Radioactive Transformations. A. Smekal. 
(Zcits. f. Physik. 25. 4-6. pp. 265-278. 1924.)—The author applies his 
quantum theory of radio-active transformations, first proposed in 1922. 
to the results of Ellis and Skinner (Abstract 1207 (1924)] and of Meitner 
[Abstracts 1630 (1922) and 2451 (1923)] on the relation of the fl-ray 
spectrum lines to the y-radiation*from radium decay products. A. B. W. 

2794. The Precipitation of Polonium by Silver Chloride. J. Escher- 

DesrivISres. (Comptes Rendus. 179. pp. 158-100. July 21, 1924.)— 
Pure polonium is deposited on a silver plate, and dissolved in HN0 3 ; 
the silver is precipitated with HCI, and the polonium is, in general, left 
in the acid solution, and not carried down with the AgCl precipitate. 
If. however, there is only a feeble excess of HCI a large proportion of the 
polonium is carried down with the precipitate ; but as the amount of 
HCI increases the amount of polonium left in the liquid increases ; if 
the liquid contains a definite amount of HCI the addition of NaCl, NaCl, 
LiCl or ferric chloride will increase the amount of polonium " stabilised ” 
in the liquid ; bivalent chlorides (Ba. Zn. Mg) are inactive. The ratio 
of the dissolved to the precipitated polonium X is equal to + “*"»>; 
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where a and a are constants, the former depending on the mass of the 
precipitate. Mjis the number of molecules of HC1 in the volume considered, 
n 2 the same lor the alkaline, chloride, and M 2 and M 2 are the molecular 
masses of the acid and of the chloride. H. N. A. 


2795. The Radio-activity of Certain Thermal Springs in Madagascar and 
Reunion. C. Moureu, A. Lepape and H. Moureu. (Comptes Rendus, 
179. pp. 123-129. July 21. 1924.)—None of the twenty-one springs examined 
showed strong radio-activity, though some radon and radium was found 
in all of them ; a number of them were in a volcanic region, the basin of 
Antsirabe in Madagascar. It is thought that the low radio-activity is due 
to the fact that volcanic rocks, as a rule, are not very radio-active; though 
in certain places veins of pegmatite which were particularly rich in 
uranium minerals were found ; these did not greatly affect the springs 
in the immediate neighbourhood ; but seem to have raised the radio¬ 
activity of all the springs in the basin, which was somewhat higher than 
that for most of the springs in the Central French plateau. H. N. A. 


2796. The Action of yRays in Atomic Disintegration. L. Meitner. 
(Zcits. f. Physik. 26. 3. pp. 169-177. 1924).—It has been found by the 
author, in collaboration with O. Hahn, in an investigation the results 
of which have not as yet been published, that radio-actinium and 
actinium X. when they disintegrate giving out a-particles. produce 
typical monochromatic y-radiations. as radium is shown to do in Abstract 
'2763 (1924). With these two substances a large number of mono¬ 
chromatic nuclear y-rays have been shown to be produced, instead of 
a single one as in radium. When an a- or ^-particle is given out from 
the nucleus of a radio-active atom the remainder of the nucleus must 
undergo a rearrangement of its constituent parts ; two processes seem 
to be possible, first an alteration of the nuclear configuration without 
radiation, and second a quantum change with emission of* monochromattc 
y-ray ; the first is seen in the a-radiators Io. Po. ThC and the p 
radiators UX., RaE, and ThC; with larger disturbances y-rays are 
emitted, and the number of different kinds, and their energy (frequency) 
will increase with the magnitude of the disturbance. This P 0 *? 1 ' b 
shown to differ from that previously taken by the author and from 
that recently upheld by Ellis and Skinner, who deduce the stationary 
states of the RaB nucleus directly from the y-rays em itted. A yonsequenc 
of the new assumption is that, in calculating the energy of the 0 -rays 
the energy levels of the resulting atom, and not those of the original atom, 
must be considered ; when the y-rays have large energy it seems; that 
even the great accuracy obtained in the measurements of Ellis is not 
sufficient to lead to a decision ; but with y-rays of longer wave-length 
this appears to be possible. Ellis has found, in the case of his slowest 
C-eroup of fl-rays from RaB. that they seem in fact to be emitted from 
-RaC the atom resulting from the disintegration. The author thinks 
that’ the explanation that all the /3-rays are produced in this way * 
simpler than that given by Ellis, while it agrees equally well with \.ue 
experimental results. It is shown that the experiments m which Ellis 
and Skinner allow the y-rays of RaB to fall on platinum, and examine 
the 6 -rays produced in a magnet field, confirm this view numerically. 

” .i J H. N. A- 
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2797. Double Mirror Dilatometer for Low-Temperature Work. G. 

Borclius and C. H. Johansson. (Ann. d. Physik. 75. 1. pp. 23-36. Aug., 
1924 .)—A brass plate resting on two supports has a pair of parallel mirrors 
fixed one at either end. The specimen under test is fastened rigidly at its 
upper end whilst its lower end is attached to the centre of the brass plate. 
As the specimen expands or contracts, this plate is bent and the amount 
of bending is determined in the usual way using a beam of light reflected 
from the mirrors in turn. The variation of angle between the mirrors 
depends only on their distance apart and the amount of bending of the 
plate. The whole apparatus is enclosed in a chamber and the temperature 
is varied by the use of liquid air and measured by a platinum thermometer. 
The range is down to about - 200° C. Some results are given for specially 
pure copper rods and also for crystals of zinc and cadmium in various 
directions relative to the axes. A - A * D ’ 

2798. A Recording Apparatus for the Measurement of the Expansion of 

Glass. A. Amulf. (Rev. d'Optique. 3. pp. 270-276. June. 1924 )—1 he 
paper gives details of an apparatus for obtaining a continuous record ol 
the expansion of samples of glass of thin dimensions. An interference 
method is employed, derived from that of Fizcau. and as the expansion is 
measured directly, the need for a standard body for purposes of comparison 
is dispensed with. The displacements of Newton’s rings—formed between 
two surfaces, one spherical and the other plane, separated by an annular 
wedge of the specimen under examination—arc registered and then 
counted. The registration of the displacements of the rings is accomplished 
by projecting them on to a slit, placed initially over their centre, and 
across which a photographic plate is drawn in a direction pcrpcndiculai 
to the length of the slit. Initially, the record on the plate consists of 
parallel lines, but as the temperature is raised the rings arc displaced, 
the lines become curved, and eventually meet at the point of disappearance. 
These points arc well marked on the record and by determining the number 
of such points for a given rise of temperature, the exact expansion can 
be determined. The apparatus is enclosed in a box around which a heating 
coil is wound. By passing a current through this coil temperatures up 
to 300°C. arc obtained. A mercury lamp furnishes the source of mono¬ 
chromatic light. The paper concludes with a detailed description of the 
apparatus, and directions, precautions, etc., for its use. A sample can be 
completely examined in half an hour. §. G. 13. 

2799. Apparatus for Measuring the Heat Produced by Radio-active 
Substances . D. Yovanovltch. (Comptcs Rendus. 179. pp. 163-165. 
July 21. 1924.)—Two identical Dewar flasks are placed in cylindrical 
cavities in a block of iron, and the cavities are filled with mercury and 
covered up. The iron block is protected from outside influences by three 
concentric lead boxes, with cotton in the interspaces. The substance 
to be examined is placed in one of the flasks, and in the either is a coil 
which can Ik* heated by an electric current; this is adjusted until the 
temperature in the two flasks remains permanently equal, as shown by 
a thermopile the alternate junction of which arc in opposite flasks. 1 lie 
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measurements are repeated, using a standard radium preparation, taking 
into account the formation of polonium. H. N. A. 

2800. Temperature Measurements by Means of Thermoelectric Junctions. 
J. Wurschmidt. (Zeits. f. Mctallkunde, 16. pp. 271-274, July, 1924.)— 
The usual statements regarding thermoelectric forces between different 
metals can only be used with caution, partially on account of imperfect 
precision in definition and partially because of the uncertainty of the 
results of measurement. The paper seeks to give clear conceptions and 
definitions of the meaning of the expressions ** Thermoelectric force for 
a given temperature interval.'' " Actual thermoelectric force per degree," 
and " Mean thermoelectric force per degree for a known temperature 
interval." The theoretical significance of these statements is fully treated 
and the formula; thus derived arc utilised for securing tables of absolute 
values of thermoelectric forces. The thermoelectric forces are always 
expressed in microvolts as being more useful than millivolts. Tables 
are given showing thermoelectric forces between 0 ° and 100 ° for both 
mean and actual values per degree, and tolerable agreement is found 
between the theoretical and observed results. If the thermoelectric 
forces of three different bodies in relation to a single normal lx>dy (e.g. 
bismuth) under exactly similar conditions are known and designated by 
E., E 2 , and E 3 . 


Then 




E *1 = E 3 “ E 1 


E 2 l = E i “ E i 


and hence E 32 + E 2 i “ E sr 

This relation is shown to be approximately in agreement with experimental 
observation and * series of values due to Becquerel [Ann ; Chun. Phys 
vol 41 p 353 . 18291 are used for this purpose. The results are shown 
in tabular form. The paper concludes with a table showing a series of 
thermoelectric potentials for important metals and alloys m relaUon^ to 
bismuth, which can be utilised for the measurement of high temperatures. 

2801. Irregularities in the Specific Heats of Certain lLiquids. 
J. W. Williams and F. Daniels. (Am. Chem. Soc., J. 46. pp. lo69-1517 
Tulv 1924 .)—The specific heats of most liquids increase regularly with 
the temperature either as straight-line functions or as curves which 
become steeper as the temperature rises. The authors have gamine 
fifteen organic liquids by means of their adiabatic calorimeter and have 
measured their specific heats at temperature interval i of 2 They find 
that benzene ethyl benzene, and carbon tetrachloride exhibit distinct 
i^guSs indicating molecular changes in the liquid^ 

a liquid having a specific heat between benzene and carbon tetrachloride 
showed no such irregularities, the specific heat-temperature curve being 
a straight line. Other physical properties such as vapour pressure^and 
density 8 carefully determined over the same range of temperature exhibited 
£*££?Securities. They find that water catalyscs the chauge 
from one molecular species to the other in the case of beoz “*^ < ‘^C 
benzene, and suggest that differential specific heat measurements of l.quids 

offer an excellent method for the study of association. . | «. y.-o- w. 

2802. Investigations on Specific Heats at Low Temperatures^ ^Lange 
(Zeits. phys. Chem. 110. pp. 343-362, 1924.)-The author has carried out 
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investigations of the specific heats of hydroquinone. quinone, quinhydrol. 
ZX. and while anS grey tin. use being made clan 

The substance under observation was placed in a copper calorimeter 
Ind was heated by means of a constantan wire (0-03 mm., having a resis¬ 
tance of about 1500 ohms, wound on an insulated copper former. 1 lie 
electrical energy input was measured and a 

was used to measure the rise in temperature of the material. A nun ber 
of determinations were made at various temperatures between about 
15“ and 291“ absolute. The results for hydroquinone. quinone, and 
quinhydrol show that the specific heat varies approximately proportional y 
with the temperature. Determinations of the specific heat of «lute tin 
^d ioleTere also made over the range 9“ 14“ absolute by means 
of the apparatus of Simon and Lange. The author s calculation of t 

-sr £ a , T 

the Nernst theory of heat with respect to the allotrop.c transformation 
of tin. 

2803. The Revise! Form o/TroulOHsLawof Lafr.ilHraium/l/ir euunfiou 

of the latent heat and the absolute boiling-point for volatile liquids.^ ^ 

2804. Determination o, the Constant o ^ ^ 

A. Kussmann. (Zeits. f. Physik. 25. 1. pp. 58-82. 1 . c uo of 

full and detailed account of the author s 153 de erm.nat.ons of the s aluc_of 
„. The mean value finally obtained is 5-79510- * watt cm. grad . 

The paper is divided into the following sections : (1) Historical Skctcl 
[he Methods. (2, Arrangement of Experiment. ( 3 ) Prchn,,nary Expe l- 
ments to Ensure Absence of Systematic Errors. (4) Measure « 

Result. (6) Corrections: (*) Imperfect Blackening of Receiver 

tion of Radiation by Atmospheric Moisture. (0) Limits of Error, 
method em^yed by the author is ...a, of electrical compensation which 
consists briefly in having a suitable black Ixxly radiator which sends 
radiation through an aperture of known size to a receiving disc of metal 
of known size, the temperature attained by the disc being indicated 1) 
a radio-micrometer. The black body is shut off. and the metal disc s non 
heated by an electric current, which is adjusted so that the ra 10 - 
meter shows the same reading. The current is carefully measured as 
QS the P.D. across the disc. Then we have 




watt 


rri - T&a? 


F,Ff cm* grad. 4 


R 2 

where 1 - current, w = resistance of disc. T, = temperature of black 
body. T 2 *- temperature of disc. I*, - area of disc. 1* - area of aperture 
of black body, R = distance of black body from disc, and a is a correction 
constant. 

2805. On the Theory of Gas Degeneration (Gasentartung) and the Zero- 
point Energy. K. Bennewitz. (Zeits. pliys. Chem. 110. pp. '25-767, 
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Loschmidt’s number. 


1924.)—After some preliminary remarks on Nemst’s heat theorem, the 
author sets out to find the general equation of state of a "degenerated" 
ideal gas which satisfies the two laws of thermodynamics and Nernst’s 
heat theorem (called the third law). Nemst had obtained as an energy 
equation 

u-i RT **.£±i.(i) 

where x = @’’- = \~—r • — V,* . N = Loschmidt’s number, v = mol. 
T 47 rmk Tv 2 /* 

volume, U = energy per mol. 

The author proposes another method not based on special assumptions 
of a theoretical quantum character. Classical statistics gives for an 
ideal gas the relation 

pv - |U.(2) 

We want to show that (2) in combination with the three laws leads to an 
energy equation which does not contradict (1). Now classical theory 
gives U = iJRT, which combined with (2) gives pv = RT. Consider now 
an isothermal change from Vj to v 2 . External work 

< * r * 

A = — I pdv = RT log — and ^ = R log — 

v 2 OT v 2 

But the third law requires lim. — = 0 (T = 0); this is not satisfied, and 

therefore our premise must be insufficient. If we make the general 
supposition that U — :]R<£(T. v) and pv = R^(T, v) we can deduce that 


- R J^- 3 R[*];; = -RTjg.i 0 

whence + =T ^* the S eneraI integral of which is ^T • v 2 / 3 . =0, 

where is an arbitrary function. This can be written t/> = T • ^( T 
where ifj is a new function, and finally 

■ u = 3 R Mf^).< 3 > 




The author now shows that these equations are general enough to 
include those developed from special quantum considerations. The 
discussion of these equations occupies the greater part of the paper. 
A table of important thermodynamic relations giving the classical values 
for an ideal gas and the values for a degenerated gas is constructed. 
Entropy and chemical constants are found, and a complete proof of the 
statement that " the finite value of the vapour pressure lends necessarily 

to the degeneration of a gas." The limiting values of ^( T ^a Ta) are 

now investigated and the energy values at zero temperature calculated. 
A table is given showing the values of the chief functions for the cases 
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T = 0 and T = » on the classical theory and also for the case of degenera¬ 
tion with and without zero-point energy. From the mute .«> th«table 
the author assumes that the correction arising from the deration of 
a gas compared with the classical theory vanishes in the limit for large 
values of T This is really an extension of Bohr s Korrespondence pnn- 
ciple to gLs A proof of the principle can only be obtained experi¬ 
mentally The grounds for the existence of energy at zero temperature 
are discussed. Nernsfs method of arriving at the existence of zero-point 
energy or athermic energy is also discussed. A close parallelism between 
Nernst's heat theorem and the existence of zero-point ,energy « shoum o 
exist. The Korrespondence principle is now employed m. order to obtain 
a Clearer view o, the nature o, degeneration in a gas. now shown 

that (4) can be written in the form pv - RT^l + therma | CIler gy )’ 

which holds universally on the assumption of the 

ciple. The integration of the Claus.us-Clapeyron equation ““ fats' 

and shown to have a physical meaning only when 

The latent heat of evaporation A for a degenerated gas vanishes at 

while on the classical theory it has a finite positive value. The paper 

must be consulted for details. 

2806. Surface Fracture Figures Produced in C , to « 'V""*; 

E Berner (Archiv f. Elektrot. 13. pp. 187-188. July 7. 1924.)—E. Mdllcr 
hM sholn’fsee Abstract 033 (1924)) that if a short circuit: be | 
between a sheet of tinfoil laid on the surface of a piece “J « la , s a, “‘ 
second electrode brought into contact with he fo.. 
glass is destroyed in the region occupied by the melted fml and presents 
a series of furrowed lines forming an •'electrical ; 

Mailer has given a theory of the production of these fig.es in tl» W« 
part of his paper. The object of the present article is to deter be: *>„ . 

experiments having a bearing on this theory Jn be made 

is shown that figures resembling those pro,lured by Roller can he made 
by purely thermal means. Pieces of glass with flat sur a . ( 

in the following way : a flat face was held for 1 or 2 seconds ni thel*mfed 

flame of an oxyl.ydrogen blowpipe and then immediately quenched n 

water. Ordinary window glass almost always flew m pieces under this 
treatment; the behaviour of hard or optical glass "as difleren . ' 
moment, sometimes without quenching and sometimes after first tapping 
the glass with a hard object, the surface split up with an au i > • • 

the fracture resembling closely the Moller figures. U is cijnclud 
result of the microscopical examination of the surfaces that ic P ° 
of electrical short-circuit figures can be explained as a purey * 

phenomenon arising from the sudden melting and cooling o * s ‘ 
combined with the property of glass to break with conchoua ra 
under shock. Tests on bakelite showed different results for. though t i 
material is glassy, it does not melt but decomposes and carbonises >c ^ 
the blowpipe flame. 

2807. Atomic Heat of Silver at High Temperatures. A. Magnus and 
A. Hodler. (Zcits. phys. Chem. 110. pp. 188-191. 19 24 .)—The atomic 
heat of silver may be represented by the equation — 6 047 
X 10 ~ 4 t + 712 x 10“ 7 / 2 . Since tlie temperatures at which the results 
included in this equation were obtained had for their lower limit the 
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ordinary room-temperature, the agreement between the value at 0 °, 
6-047, and Nernst’s value. 6 00, must be considered satisfactory. The 
dependence of C, on the temperature is expressed approximately by a 
straight line of the equation. C„ = 5-861 - 0-00254T. Hence, as the 
temperature rises, the atomic heat of silver increases to a maximum and 
then diminishes. An explanation of this behaviour is suggested on the 
basis of Born and Brody's theory [Abstract 1154 (1922)]. T. H. P. 

2808. Small Variations of the Heat Given Off by Radium Bromide. 

J. H. le Bel. (Comptes Rendus, 179. pp. 160-161, July 21, 1924.)— 
In measuring the heat produced by different samples of radium, the author 
has found certain irregularities in the deflection of the galvanometer 
connected with the thermoelectric couple; this was in general, for the 
samples employed, about 40 cm., but once or twice a month it diminished 
by 10 to 15 mm. The second sample behaved like the first, the times of 
the minima coinciding. The walls of the cellar in which the experiments 
were made showed no signs of radio-activity. H. N. A. 

2809. Evidence of Association in Carbon Dioxide from the Joule-Thomson 
Effect. F. G. Keyes. (Am. Chem. Soc., J. 46. pp. 1584-1592, July, 
1924.)—It has been shown that the Andrews data for C0 2 can be repre¬ 
sented by the equation p — RT/(t» — pe~ a ! v ) — A /(v + l) 2 . Hence, 
assuming a and / negligible, 

P = [R(l -y/*)T)Hv - fi) - A/i' 2 . (1) 

The fraction associated enters, at low pressures only, through the term 
R(1 — y/ 2) where y is this fraction. Forming the derivative (bv/bT)p 
there results on substitution in the general thermodynamic equation for 
the Joule-Thomson effect (/* or dT/dp) 

C P n - 2A/RT - p - (by/bT) P . vT/2 .4.(2) 

where v is written for v — The application of thermodynamics 
to a gaseous reaction of the type 0O 2 = J(C0 2 ). leads to the equation 
{by/bT) p = — 2yAHp/RT 2 . where AH> is the heat of reaction at T and 
constant pressure. Substituting in (2). where Cpfi 0 represents 2A/RT — f}, 
gives 

Cpfx = C pfi 0 + AH^ .yip .(3) 

The Joule-Thomson effect, then, in a gas containing a small fraction of 
associated molecules, consists of the normal effect due to the deviation 
from the perfect gas laws for the single molecular species, to which must 
be added a change in temperature with pressure due to a small shift in 
the molecular species. 

The author has employed the equations above in order to deduce 
the value of y (the fraction associated) from recent determinations by 
Burnett [Abstract 1514 (1924)] of the Joule-Thomson effect for carbon 
dioxide at pressures of about an atmosphere. The values of y are found 
to be small, corresponding to 1 double molecule in 500 at — 53° C. and 
1 in 20,000 at 127° C. It is emphasised that the deductions are based 
on the assumption that true chemical equilibrium exists at every stage 
in the effect. T. B. 

2810. Notes on the Kinetic Theory of Viscosity, Conduction and Diffusion. 
S. Chapman and W. Hainsworth. (Phil. Mag. 48. pp. 593-607, Sept., 
1024.)—Pidduck's theory of viscosity and thermal conduction in poly- 
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atomic gases [Abstract 1653 (1922)] is generalised with the aid of a mole¬ 
cular model which takes account of the varying distance of closest approach 
between molecules depending on their relative speed of impact. It is 
assumed that the radius of gyration, k. of the molecule is invariable, 
whilst the change in the distance of closest approach occurs in the region 
beyond that in which the mass is distributed. The collision radius, a. 
is equated to a/x, where a is a constant and x a variable, which may be 
a function of any invariant of a molecular encounter. The following 
expressions arc then deduced as first approximations for the values of 
thermal conductivity. A, and the viscosity, /z. of a polyatomic gas. 
A = 3(R 3 T/7rm) 1 / 2 / 1 (T)/64KV 2 , and / z = 15(mRT/7r) I /2/ 1 (T)/32K , o 2 . in which 
R denotes the usual gas constant 1-35 x 10~ 16 . T is the absolute tempera¬ 
ture, w the molecular mass. K' = A 2 o 2 . whilst /,(T) and / 2 (T) are ex¬ 
pressed as complicated integrals which, in general, arc functions of T. 
Values of the ratio A//zC„. C e denoting the specific heat of the gas at con¬ 
stant volume, and of the variation of viscosity with temperature, calculated 
by means of these formula 4 , are shown to agree more closely than has 
hitherto been the case with the observed results for various diatomic and 
polyatomic gases. The definition of temperature in the non-steady state 
of a polyatomic gas is discussed, and it is pointed out that the definition 
used by Jeans (3RT/2 - »iC 2 /2) is to be preferred to that used by Pidduck 
(NRT/2 = E), as the former avoids the introduction of a small additional 
term, proportional to the time rate of change of density in a small volume 
moving with the gas, in the usual expression, p ^ wR T. for the hydrostatic 
pressure. A formula for the coefficient of diffusion appropriate to a poly¬ 
atomic gas is deduced, and revised formula* and tables for various quanti¬ 
ties connected with thermal diffusion in a monatomic gas correcting values 
previously published arc given. In particular it is pointed out that the 
revision bring* calculated values of thermal diffusion into somewhat closer 
agreement with the experimental results obtained by Ibbs in Abstract 1999 
(1921). [See Abstract 794 (1916).] J s c; T - 

2811. Statistical Entropy and Molecular Xumber. L. Nordheim. 

(Zeits. f. Physik. 27. 1. pp. 65-73. 1924.)—The author calculates the statis¬ 
tical entropy of a compound system having regard to the possibility of 
exchange of molecules as a function of the entropies of the component 
systems ; the analogy to the law of thermodynamic entropy is pointed 
out. The result obtained is that if the entropies arc divided by the log 
of the exchange-number, then the law of additivity is obtained just as 
in thermodynamics. The paper is entirely mathematical. 1 • !*■ 

2812. Planch's Law and the Light Quantum Hypothesis. Bose. 
(Zeits. f. Physik, 26. 3. pp. 178-181, 1924.)—A method is given for the 
establishment of Planck's law by the utilisation of the light quantum 
hypothesis in combination with mechanical data and which is independent 

' of the classical theory. The phase space of a light quantum in relation 
to a given volume is divided into “ cells " of magnitude A 3 . The number of 
possible divisions of the light quanta of a particular radiation into these 
" cells ” determines the entropy and also all the thermodynamic character¬ 
istics of the radiation. The formula finally deduced is the equivalent 
Planck’s law. A note, in conclusion, by Einstein suggests the use of the 
method for the application of the quantum theory in the case of an ideal 
gas, and promises further remarks by him later on this aspect. S. G. B. 
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2813. Coordination of the Thermodynamical Properties of Water. 

A. Lartigue. (Comptes Rendus, 179. pp. 30-33, July 7, 1924.)—In a 
preceding paper [Abstract 2552 (1924)] Fresnel's method of representation 
has been utilised in the development of certain thermodynamic relations. 
In the present paper some of the thermal characteristics of water are 
evaluated—in particular the latent heat—and the results compared with 
the values given by Regnault and by Henning. There is also some informa¬ 
tion relating to the specific heat of ice. A. A. D. 

2814. The 'Liquefaction and Rectification of Air. L. D. Goldsmith. 
(World Power. 2. pp. 29-37. July, and pp. 108-112. Aug., 1924.)—The 
paper gives a clear elementary account of modern methods for the lique¬ 
faction of air and the separation of constituents, oxygen, nitrogen, argon, 
neon, krypton, and xenon. 

It also contains a number of useful references to the literature. 

E. G. 

2815. Annealing of Aluminium. H. Rohrig. (Zeits f. Metallkunde, 
16. pp. 265-270, July, 1924.)—A series of experiments were made to investi¬ 
gate the relationships between the velocity of softening, the degree of 
softness of aluminium, and the effect of time and temperature upon the 
degree of annealing. The tensile strength, elongation, and grain size were 
also discussed, and it was found that definite conditions must be adhered 
to for the best treatment of aluminium. 

It was found that one means of avoiding the critical temperature for 
grain growth was to raise the temperature of the metal as rapidly as possible. 
The good heat conductivity of aluminium assisted the rapid heating. 
Further, the magnitude of the charge had an influence on the rapidity 
of heating owing to the high specific heat of aluminium. It is laid down 
that the use of small bundles of material for annealing assist in ensuring 
the production of fine crystallisation, which is necessary for aluminium 
sheet when required for further working. F- J • ®* 

2816. The Cementing of Small Pieces of Iron. D. Uno. (Kyoto 
Coll. Sci., Mem. 7. pp. 107-124. March, 1924.)—A bundle of iron wires, 
containing carbon, which were of definite cross-section, were packed in a 
glass tube with Caron's cement [composed of (BaC0 3 ). and carbon] and 
heated in an electric furnace to various temperatures ranging between 
800° C. and 1000° C. It was proved that the degree of cementation 
depended on the temperature to which the tube was subjected and also 
on the time period of heating. Size of cross-section of the iron wires also 
had a definite influence, and in this connection a factor f Q which indicates 
the relative cementation ability or power with cross-section was deduced 
from the experimental results. A model was constructed to show the 
connection between the various factors involved— viz. temperature-time, 
cross-section, percentage of carbon present—from experimental obser¬ 
vations. The cementing powers of barium carbonate and calcium 
carbonate were compared. The paper contains tables and curves showing 
all results of experiments and all details of practical procedure. 
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2817. Nature and Artificial Production of Consonant Sounds. R. A. S. 
Paget. (Roy. Soc., Proc. 106. pp. 150-174. Aug. 1. 1924.)—In a previous 
paper experiments were described in which the author s English vowel 
sounds were reproduced by means of double resonators tuned to give 
the two principal audible resonances heard when whispering or breathing 
the vowels in question (Abstract 1908 (1923)). It was found that various 
consonant sounds could be produced by manipulating these models, as 
had been done previously by others in the case of a single resonator. 

This led to the construction of other plasticine (and rubber) models 
with three (or four) resonators and in series or with combinations of scries 
and parallel arrangement. On tuning these models and suitably manipu¬ 
lating them by full or partial closure and release many consonants 
are obtained. So that the conclusion seems justified that all the consonant 
sounds are as essentially musical as the vowels, i.e. that they depend on 
variations of resonance in the vocal cavity, and should be capable of 
being imitated in the same way if their characteristic resonances could be 
identified and reproduced in models. 

The subject is then developed in detail, all the ordinary English con¬ 
sonants being dealt with, and also the guttural r (Northumbrian), the Scots 
and German ch (as in \och and Hu cl,), and the Welsh II. which is described 
as an unvoiced /. with the addition of an aspirated resonance, as in //. 

As a specimen of the results obtained we may give the analysis for 
m. This was found to have the following resonances : (1) A faint upper 
resonance, 2434 to 2579 per sec.; (2) an oral resonance of 861 to 1722. 
varying with the upper resonance of the associated vowel; (3) a nasal 
resonance of 1217 to 1448. also varying with the associated vowel; and 
(4) a constant lower-throat resonance of about 271. varying one or two 
semitones according to the elevation of the chin. 

In the analysis of the terminal resonances of h/g and t/d respectively, 
it is found there is no general principle of resonant change characterising 
these two types of consonant when used with different associated vowels, 
except the greater rapidity of closure for t/d than for h/g. 1 his absence of 
any general characteristic resonant change is held to indicate that, in 
identifying these particular consonant sounds, and probably also in identify¬ 
ing all speech sounds, the ear is primarily concerned in recognising where 
and how the closure (or release) is made in the vocal cavity, rather than 
in identifying the actual resonant changes themselves. This conclusion 
is confirmed by the observations of the author anti others on the vowel 
sounds, from which it appears that, in the case of voiced vowels sounded 
on a succession of different larynx notes, there arc no particular compo¬ 
nents common to the same vowel when sounded with different frequencies 
of larynx note. What the ear hears, in each case, is the general effect 
on the larynx note of the resonant characteristics of the cavities through 
which that larynx note has passed, which characteristics are due to the 
relative volume and areas of orifices produced by the different attitudes 
of the tongue and lips. In other words, human speech appears to be 
essentially a branch of human gesture, which the ear has learnt to identify 
—without the aid of sight—by means of its secondary effects in modifying 
the resonances produced by the passage of air by or through the gesticu¬ 
lating members of the vocal cavity. E. H. B. 
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ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 

ELECTRICITY. 

2818. Specific Inductive Capacity in Solids. J. Errera. (Comptes 

Rendus, 179. pp. 155-158, July 21. 1924.)—The variation of specific 
inductive capacity in a Hertzian field throws light upon the movements 
in polarisation. In air there is no such variation ; in solids there is. 
It appears that there are two phenomena causing specific inductive 
capacity to be distinguished : (1) The movement of particles (atoms, 
molecules, ions), determined by the applied field, by elastic forces, or by 
thermal agitation, by the inertia of the particles and by viscous resistances ; 
and (2) the movement of electrons within each particle, producing or 
modifying a state of polarisation. The former, at a given temperature, is 
hampered by a high frequency, and under a given frequency it is less 
well marked the lower the temperature. The latter is much less affected 
by the frequency and is practically independent of the temperature, 
and it is in any case relatively small. At very low temperatures or very 
high frequencies the latter alone remains : at high temperatures the latter 
assumes high values. The specific inductive capacity therefore falls off, 
like the specific heat, as the temperature is reduced. A. D. 

2819. On the Problem of the Electrical Charges of Sub-Microscopic 

Particles. II. T. Sexl. (Zcits. f. Physik, 26. 6. pp. 371-378, 1924.)— 
The present paper contains a revised mode of calculation for the Derieux 
data [see Abstract 454 (1918)) compiled by the Ehrenhaft-Millikan method 
with respect to the fall period of mercury drops at different pressures. 
This has afforded not only a determination of particle size free from 
objection, but also a constant of the Stokes-Cunningham resistance law 
which deviates appreciably from that given by Millikan for mercury-air. 
Since this necessitates deviations in the particle charges from electronic 
values, Ehrenhaft's conclusion appears to be confirmed, viz. that charges 
are stable upon microscopic and submicroscopic metallic particles in a 
similar manner to those on dielectric particles. H. H. Ho. 

2820. Contact Electricity. A. Coehn and E. Duhme. (Zeits. f. 

Physik, 27. 5-6. pp. 358-383. 1924.)—The charge on the bubbling of 

gases through liquid metal is independent of the nature of the gas. The 
only function of the gas is to break up the double layer always existing 
within the surface of the liquid and to carry charges with it. With non- 
metallic liquids the bubbling gas carries off negative charges ; with pure 
mercury, positive, positive ions being allowed to escape with the gas and 
electrons retained. The sign of the escaping charge is reversed by the 
addition of traces of certain metals to the mercury, and its quantity 
greatly increased. The noble metals (Sn, Cu, Ag, An) do not produce 
this effect. ' - r. . A. D< 

. j * , . • • * m t *• i i • r$i J ft ?• /> 

'• 2821. Quantitative Theory of the Influence Electrostatic Generator. 
A. W Simon. (Nat. Acad. Sci., Proc. 10. pp. 302-304, July, 1924.)—A 
vigorous quantitative theory of the influence electrostatic generator has 
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never been given. Maxwell worked out a special case—that of the Kelvin 
replenisher—but his solution is only an approximation, for he has assumed 
that the carriers give up all their charges to the inductors, and further, 
has neglected the fact that each element of the machine is influenced 
by all the other elements. The present author has developed a mathe¬ 
matical treatment, which can be applied to any static machine, and which 
is not subject to the criticisms mentioned above. The method of attack 
consists in (1) writing the equations for the charges on the elements ol 
the machine in terms of the potentials, the coefficients of capacity, and 
the coefficients of induction of the elements for each of these configurations 
of a complete cycle in which a change of charge occurs on any of the ele¬ 
ments. To these equations are added a number of others involving the 
charges only, and wholly expressing conservation of quantity of electricity. 
Leakage is neglected. (2) From this basic group of equations all the 
charges are eliminated, and a number of simultaneous equations obtained, 
each of which gives the potential of a particular element at. say. the begin¬ 
ning of the (n -f- l)st cycle in terms of the potentials of a certain number 
of the elements at the beginning of the previous, the nth, cycle. (3) Front 
this second group of equations there is deduced a number of additional 
equations giving the potentials of the same elementsat the beginning of the 
(n 4 - 2)nd, (» 4- 3)rd, up to the (ii 4- «)th cycle. (4) From the latter 
set, by elimination, a final set of equations is deduced, each of which 
involves only the potentials of a single clement over a number of successive 
cycles, and of which is therefore of the form: V» -t »»» -4- Aj I m 4* m — I 
-f . . . 4 - kmVn * 0, where k v * 2 . etc., arc certain combinations ol 
the coefficients of capacity and coefficients of induction involved in the 
basic set of equations, and Vn 4- m is the potential of a certain element 
at the beginning of the (m + m)th cycle. Each one of these equations 
expresses the potential of a given element in the form of a recurrent 
sequence, which can be evaluated l»v the calculus of finite differences. 

H. H. Ho. 

2822. Electromotive Force of Filtration. L.Ridty. (Comptcs Kciulus. 
178. pp. 2246-2247, June 30. 1924.)—The flow under high pressure of 
even concentrated salt solutions through a capillary tube produces between 
the ends of the tube an e.m.f. proportional to the pressure diflerencc and 
diminishing as the concentration of the solution increases. With some 
solutions,such as those of copper sulphate, the potential at the exit of the 
tube is higher than at the entrance, whereas with others, such as those of 
copper nitrate, the reverse is the case. If the flow of the liquid is continued 
for some days, the e.m.f. diminishes with salts of the former class and 
increases with those of the latter, tending towards a limit in either instance. 

T. H. I*. 

2823. A ft Electrical Method for Tracing Stream Lines in the J wo- 
Dimensional Motion of a Perfect Fluid. E. F. Relf. (Phil. Mag. 48. 
pp. 635 539. Sept., 1924.)—Use is made of the fact that the stream lines 
for flow past an obstacle arc coincident with the cquipotcntials for a con¬ 
ductor of the same shape in an electrostatic field. This coincidence is 
practically unaffected if the dielectric has a small conductivity. The 
model was placed in a rectangular tank full of water, and containing two 
sheets of aluminium mounted on its longer sides. Alternating current 
of audible frequency was supplied to the sheets, and two electrodes, one 
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fixed, the other movable and attached to a pantagraph which allows its 
position to be recorded on a sheet of paper, dip into the water. These 
electrodes are connected to a low-frequency amplifier and a telephone. 
By moving the one electrode to a succession of points for which the sound 
in the telephone vanishes, a series of points on an equipotential, i.e. a 
stream line, is obtained. By moving the other electrode and repeating 
the process the whole field is rapidly mapped out. Comparison with the 
known results for flow round a flat plate showed that the method is suffi¬ 
ciently accurate to be of practical use. W. G. B. 

DISCHARGE AND OSCILLATIONS. 

2824. Discharge Tension in Water-Vapour. I. Strohhacker. (Zeits. 
f. Physik, 27. 1. pp. 83-88, 1924.)—An experimental arrangement is 
described in which the spark track between ball terminals is shielded 
from disturbing influences, and by its means the spark tension in pure 
unsaturated water-vapour and in very dry air is determined. In order 
that the phenomena may be easily reproducible it is essential that the 
electrode surfaces shall be absolutely free from fat. The spark-tension 
curves obtained with water-vapour deviate from the known form. 


2825. The Luminous Discharge in Chlorine. The Electron Affinity 
of Halogen Molecules. W. A. Noyes, Jr. (Am. Chem. Soc., J. 46. 
pp. 1598-1606, July, 1924.)—In a recent article (see Abstract 1639 (.1923)] 
it was shown that the potential necessary to maintain a luminous dis¬ 
charge in bromine is of the same order as that necessary in the case of 
iodine, and that the potentials for these two electronegative gases are 
higher than in the case of electropositive gases such as hydrogen and 
mercury. It was suggested that this fact could be accounted for without 
assuming that the halogen molecules as such possessed an electron affinity. 
The halogen atoms have definite electron affinities which increase from 
iodine to chlorine. In the arc, however, the conditions are very far from 
equilibrium and the concentrations of the monatomic halogen atoms arc 
very difficult to estimate. It was pointed out that since the heat of 
dissociation of bromine is higher than that of iodine, the concentration 
of the former as monatomic gas might reasonably be expected to be lower 
than the concentration of monatomic iodine, a fact which would counter¬ 
balance, to a certain extent, its larger electron affinity. In the present 
paper a full account of experimental procedure is given, and the apparatus 
used is illustrated diagrammatically. It is found that the luminous dis¬ 
charge in chlorine usually disappears at some multiple of 8-2 volts plus 
a small correction. It is shown by thermodynamic reasoning that 
the halogen molecules may take up electrons according to the reaction 
X 2 -f 2e =* 2X-. The free-energy change is large and negative, which 
probably means that the electrons must attain ionising speed in a shorter 
distance than the mean free path. Certain points are obtained at some 
multiple of the ionisation potential plus 4-0 volts. This corresponds to 
a strong absorption band in chlorine, and it is suggested that this may be 
one resonance potential of chlorine. The relation of the ionisation poten¬ 
tials of iodine, bromine and chlorine to one another is discussed. It is 
suggested that the point at 8-2 volts in case of chlorine corresponds to 
the formation of a molecular ion. A. E. G. 
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28?6. The Beginning of the Glow Discharge in Hydrogen and Air. 
K. Oelkers. (Ann. d. Physik. 74. 8. pp. 703-721. Aug.. 1924.)—The 
experiments of Reiche [see Abstract 537 (1917)1 on the appearances which 
precede the true glow discharge are here repeated, the utmost precaution 
being taken to avoid all traces of fat vapour. The experimental arrange¬ 
ment is described in detail, and diagrams showing the complete arrange¬ 
ment of apparatus, the discharge vessel, the drying apparatus and the 
hydrogen apparatus are given. Experiments with aluminium electrodes 
in hydrogen are first described. Curves are given which show (<i) current- 
tension curves in H 2 at 7-4 mm. pressure, electrodes 2 mm. apart. 
(6) Current begins with alteration of tension of about 2 volts with Al 
electrodes in H.> at 7-4 mm. pressure. ( c) Current-kicks: Al electrodes 
in H 2 at 7-4 mm. pressure, (d) Al electrodes in H 2 at 7-4 mm. pressure, 
the beginning of the normal glow discharge. Experiments with aluminium 
electrodes in air are dealt with next, and current tension curves with Al 
electrodes. 2 mm. apart, in air at 7-4 mm. pressure arc given. Lastly, 
experiments are described using electrodes of copper, steel and silver. 
Current-tension curves are given showing results obtained with copper 
electrodes. 2mm. apart.in H 2 at 6-8mm. pressure. A curve alsoshows the 
current variations with copper electrodes in H 2 at 0 8 mm. pressure, 
and other curves show kicks with very small currents when using copper 
electrodes in H 2 at 6-8 mm. pressure. An explanation of the phenomena 
described is built up by assuming the existence of electrical double layers. 

2827. The Emission of Light in a Striated Discharge. R. Seeliger 
and J. Okubo. (Phys. Zcits. 25. pp. 337-342. July 15. 1924.)—The dis¬ 
tribution of intensity of light emitted in a striated positive column is 
investigated by means of spectrophotomctric records for individual lines 
in the spectrum. The discharge tube used was 20 mm. in diameter and 
35 cm. long, fitted with a capillary near the anode for admission of gas. 
The electrodes were of platinum. The tube is fitted with a mercury 
pump and McLeod gauge, and in order to prevent the presence of mercury 
vapour the leads are cooled in liquid air. 1 he tube is maintained in an 
oven at 360° C. for some time, and thus completely cleaned and purified 
previous to use. The usual method of measurements with a microphoto¬ 
meter is used. Curves arc given for investigations with helium, mercury, 
hydrogen, nitrogen, and various mixtures. The results obtained showed 
that, besides repeating several previously obtained phenomena and the 
confirmation of a law on scries succession already found by Stark 
(Abstract 037 (1917)]. a new connection is given between the distribution 
of the light emission in space and the excitement characteristics of the 
line. The intensity curve along the discharge exhibits shallow waves 
for all lines stimulated by slow electrons in the emission, whilst also all 
lines show deeper waves due to faster electrons. A possible interpretation 
of this connection between wave depth and the exciting function is given 
by the hypothesis that in the striated column not only the slow electrons 
move with periodic change of velocity and current density, but that 
besides this a current of faster electrons flies through the striation. 

S. G. H. 

2828. Explanation of Abnormal Low Voltage Arcs. K. T. Compton 
and C. H. Eckart. (Nature, 114. p. 61. July 12. 1924.)—It is well 
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established that arcs in gases or vapours may be maintained at voltages 
as low as their ionising potentials, or, in cases where cumulative ionisation 
is possible, as low as their radiating potentials, provided a hot kathode 
is used as a source of electrons to stimulate the arc. Considerable dis¬ 
cussion has arisen over certain cases in which arcs have been maintained 
at still lower voltages [see Abstract 1684 (1922)1, since at such voltages 
the electrons are known not to effect partial or complete ionisation of 
molecules with which they collide. Recently Bar, v. Laue, and Meyer 
and, independently, the present writers, have shown that this may be 
accounted for by the existence of oscillations, the peak voltage of which 
always exceeds the lowest radiating potential of the gas. An experimental 
and theoretical study of these oscillations has shown them to be in tjie 
nature of current interruptions occasioned by the rise in current and con¬ 
sequent drop in voltage occurring when the ionisation is sufficient to 
create a positive space charge around the filament. The above phenomenon 
does not explain all cases of abnormal low-voltage arcs, however, for the 
authors have maintained arcs in helium, mercury-vapour and argon, 
without oscillations, at voltages well below the lowest critical voltages 
of the gases. Also Holst and Oostcrhuis have reported steady arcs in 
argon at 3-5 volts and neon at 7-5 volts, whereas the lowest critical 
potentials of these gases arc 11 - 6 and 16-7 volts respectively. To account 
for this these authors have proposed a rather elaborate theory of progressive 
ionisation. The following experiments, however, explain entirely these 
abnormally low voltages simply on the basis of well-known phenomena. 
A short hot-filament kathode and a sheet nickel anode are placed about 
1 cm. apart, and a 3-mm. length of 1 mil wire projecting from a.glass 
stem is introduced as an exploring electrode in a bulb filled with pure 
argon at 2-mm. pressure. It is found that the arc can be maintained 
at an applied voltage of about 4 volts, without oscillations. Under these 
conditions, however, the gas near the filament is found to be at a potential 
of about 11-5 volts above that of the filament, and there is an electric 
field in the direction reverse to the applied field throughout most of the 
space between the electrodes. Furthermore, the concentration of ions, 
either positive or negative, is found to decrease from about 100 X 10 10 
per c.c. near the kathode to about 2 X 10 10 per c.c. near the anode. The 
average kinetic energy of the electrons outside the region of the kathode 
drop is found to vary from 2 to 4 in equivalent volts. Analogous results 
are found in a mercury arc, operating at about 3-5 volts. Evidently 
there is always a sufficient kathode drop to produce ionisation. A fuller 
treatment of this problem and its significance in the Geissler tube dis¬ 
charge will be published shortly. A. E. G. 

2829. The Existence of a Light Arc with a Non-Incandescent Kathode. 
H. Stolt. (Zeits. f. Physik, 26. 2. pp. 96^-101, 1924.)—Investigators who 
have sought to explain the behaviour of the arc have proclaimed that a 
white incandescent kathode is inevitable. Stark and Cassuto lent support 
to this view when they failed to establish an arc light between a fixed 
anode and a brass kathode cooled by rotation. The experiments recorded 
here show that, by utilising a highly polished brass or copper disc 1 cm. 
thick and 16 cm. diameter, which is rotated at a small distance between 
the electrodes, an arc is established, and the kathode is apparently non- 
incandescent. The arc and kathode were observed through a spectro¬ 
scope and the non-incandescence apparently confirmed. For a potential 
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of 220 volts a table of results is given showing current strength, voltage, 
linear velocity of kathode circumference, and the electrode separation 
distance. A discussion of these tables and a note on experiments per¬ 
formed with various other metals is appended. The investigation shows 
the great probability that the electrons in the arc are discharged without 
a high temperature of the kathode. s - G - 

2830. A Simple Demonstration Experiment of the Direct Measurement of 
the Velocity of Kathode-Rays. F. Kirchner. (Phys. Zeits. 25. pp. 302-303. 
June 15 1924.)—The method described is a modification of that due to 
Wiechert. A diagram illustrating the process is given, but the explanation 
is confined to points of difference between this and the original \'»echcrt 

method. 


2831. The Thermal Effect of Kathodic Plate Current in the Mercury 
Vapour Discharge. W. Schoftky and J. v. Issendorff. (Ze.tS; f. 
Phvsik 26. 2. pp. 85-94. 1924.)—An examination is made of the current 
which passes between a mercury discharge column and a surrounding 
cylindrical metal electrode maintained at definite potentials. Krieranco 
is made to the earlier views which have been put forward to account for 
the nature of the ionising current and to the work of Langmuir on space 
potentials [Abstract 618 (1924)]. The positive current is stopped by -a 
potential of 12 2 volts, attains a saturation value with about -1 volt 
and from here to -600 volts is approximately constant lo •*' tan 
the nature of the discharge a determination is made ^e l^eat in parted 
to the surrounding electrode by the discharge when different potentials 
arc applied. With the arresting potential of .2 2 volts, the temperature 
ol the electrode is raised by means ol a surrounding heating cod 
is at the same degree as that given by the ion.sat.on current 
potentials in the alisence of the auxiliary_ heating current. Over a range 
of potentials from -1 to -110 volts a linear relation is found for the 
(ivnr „. i( , n I where L is the heat effect in watts. F. the applied 

potential, and J the ionisation current. From this formula and the heat 
generated, j is calculated to have the approximately co«wtan ' alu J ^ 
9-041 amp . while the measured ionisation current is ® 038 ^ 
result indicates, in accordance with Langmuirs calculation 
a certain potential the whole of the remaining potential fall is Mtuatccl 
in the immediate vicinity of the electrode. A consideration of the rcc 
paths of atoms and electrons indicates tliat the current is conveyed almost 
entirely by positive ions and only to a very small extent by electrons 
It is estimated that the electronic current docs not exceed zl) /0 oi u 
total. It follows that no appreciable photoelectric effect or kathode- 
ray radiation, either primarily or secondarily by ionic bombardment, 
contributes to the conductivity. In the form of apparatus used the /one 
of potential gradient is visible as a distinct dark space. 1 he break in ic 
curves for thermal and ionisation values at p.d. s between 15 and - no 
is attributed to the energy change concerned in the absorption ol the 
electrons in the metal. This consideration supports the view that the 
apparent potential indicated by a sounding electrode in contact with a 
mercury arc is about 5 volts below the true potential. J his conclusion 
is also in accordance with the observation that the dark space indicating 
the zone of ionic potential gradient disappears when the cylindrical elec¬ 
trode is at a potential about 6 volts higher than that of an isolated sounding 
electrode [sec Abstracts 1648 and 1938 (1923)}. J. N. I . 

VOL. xxvii.— a.— 1924. 3X 



1010 


SCIENCE ABSTRACTS. 


2832. Gas Jon Mobilities and their Independence of the Nature of the 
Ion. L. B. Loeb. (Phil. Mag. 48. pp. 446-458. Sept., 1924.)—A con¬ 
cise survey is given of the controversy between the classical theory of the 
"cluster ion” in gaseous ionisation phenomena and the "small ion” 
theory. The development of the case is fully treated, and finally a com¬ 
bination of the Thomson and Langevin equations is effected which fur¬ 
nishes a theory of ionic behaviour which predicts the behaviour of gaseous 
ions under various conditions with considerable accuracy. The final 
formula thus reached is :— 


K 


where K is the mobility factor of the ion,*A is a constant depending on 
the Avogadro number, the mass of a hydrogen atom and a numerical 
coefficient; b is derived by putting m = 6M. where m is the mass of a 
complex cluster ion and M the weight of a molecule. M = M 0 fi where 
is the mass of an atom of hydrogen and M 0 is the molecular weight. 

The paper proceeds to deal individually with the various factors 
involved, and concludes with a table giving a comparison of calculated 
and experimentally obtained values. It is noted that the computed mobili¬ 
ties arc of the right order of magnitude, and do not differ widely from 
observed values. The deviation is greatest for vapours of high dielectric 

constant. It is seen from the formula that except for the factor 

there is no quantity in the mobility equation which permits a discussion 
on the nature of the ion. The theories of Thomson and Langevin thus 
combined are used to effectively refute the " cluster ion ” theory and to 
indicate the law of force exerted by the ion on the majority of gas mole¬ 
cules. The transformations involved practically eliminate any factor 
involving a specific hypothesis of the nature of the ion from the equation, 
and thus make it impossible from mobility measurements to decide upon 
the nature of the ions. S. G. B. 

2833. On Soft Atomic Rays. T. Volmer. (Zeits. f. Physik, 20. 4-5. 
pp. 285-290, 1924.)—Gossmann’s recent work [see Abstract 1635 (1924)] 
has shown that a large number of salts emit positive charges at the relative 
low temperature of about 450®. Saturation appears at low voltages, 
e.g. for a pressure of 5 mm. at about 2 volts. This denotes apparently 
the presence of soft positive rays, and the object of the present paper is 
to confirm this assumption. For this purpose e/m has been determined. 
Lenard’s method for photoelectrons was employed, and experimental 
details are described. The following substances were examined : cadmium, 
iodide, nitrate, and chloride, zinc chloride, copper iodide, lead bromide, 
sodium nitrate, and calcium fluoride. A table of results is included, show¬ 
ing these salts to emit positive atomic rays which are easily deflected. 

H. H. Ho. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

2834. Electric Conductivity of Metals. F. Simon. (Zeits. i. Physik, 
27. 3. pp- 157-163, 1924.)—The alteration in the electric conductivity 
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of metals on fusion and changes of pressure and temperature in the fused 
state can be explained by changes in the vibration-frequency of the atom, 
provided that the constant in the Griineisen formula [Abstract 1273 
(1918)] be made proportional to the frequency, which the author had 
previously [Abstract 2144 (1924)] deemed possible. The electrical con¬ 
ductivity of metals is a function of the temperature in solid and liquid 
metals and a function of the volume (changing with pressure or on fusion) 
without more than one electric constant which docs not vary from sub¬ 
stance to substance but depends only on the arrangement of the outer 
electrons. A. D. 

2835. Electrical Conductivity of Metals and Alloys on Bohr’s Theory. 

K. Hojendahl. (Phil. Mag. 48. pp. 349-360. Aug., 1924.)—The valency 
electrons in a metal may be imagined as moving in a quantised zigzag 
path from one atom to another. A small displacement of one or more 
atoms will result in the general direction of movement being abruptly 
changed, and this will correspond to the ends of a free path on Drude's 
theory. The variation of free path in a pure metal will be a function of 
the temperature and will be of the correct form. The introduction of an 
atom of another clement into the space lattice will also cause an abrupt 
deviation, and so will reduce the free path and increase the resistance. 
This theory is supported by a table showing the rise in resistance in iron 
containing equal numbers of foreign atoms. This quantity is nearly 
constant. It is possible to calculate the velocity of the electron in such 
a structure, and this appears to be of the right order. A. Wh. 

2836. Investigations of the Electrical Conductivity of Elaines Containing 
Metallic Vapours with Introduction of Field Measurements Free from 
Objection. E. Zachmann. (Ann. d. Physik. 74. 6. pp. 461-517, July. 
1924.)—Lcnard in 1914 demonstrated almost all previous data in this 
field to be invalid, exceptions being certain measurements by Warburg, 
H. A. Wilson, and E. Gold [sec Abstract 1067 (1907)]. The valid conditions 
arc now published for the evaluation of the electrical conductivity of 
flames containing metallic vapours, electrode effects being eliminated. 
These arc contained in Part I and are as follows : The current which 
enters the flame by one electrode must leave via the other electrode 
without loss, moreover the current-density must be equal over the entire 
length of the circuit. A place must therefore be present where equality 
exists between positive and negative carriers, i.e. neutrality of the flame 
as a whole. 1 he presence of such a place Is indicated by a field minimum. 
Part II considers the testing of various forms of electrode installation 
for the fulfilment of the above conditions, and it is shown that those in 
which the burner evolves a foreign body (upright plate and cylinder 
electrodes with horizontal burner orifice plane) afford no suitable field 
relationships (failure of the minimum) and exhibit dependence of current- 
density distribution upon voltage. Part III describes an arrangement 
free from objection with respect to field distribution, which is afforded 
by the orifice plane constituting one electrode and installed with a suitably 
constructed horizontal electrode. Exact determination of the current- 
density in the electrode plane is rendered by means of a guard ring. This 
electrode is cooled by a suitable device, and it is established that only in 
the flame volume arc electrons produced for the conduction of electricity. 
Sources of error'for small fields arc discussed in Part IV, investigated, 
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and eliminated. The results of the conductivity measurements are as 
follows : (a) The conductivity of the alkali metal frames is proportional 
to the square root of the metallic concentration. Previous workers have 
found such a relationship, but as mentioned at the outset their methods 
are not free from objection and the present investigation now affords 
a valid proof. Also the conductivity of alkali metal flames ( b) is propor¬ 
tional to the square root of the atomic weight of the metals ; ( c ) is inde¬ 
pendent of the simultaneous presence of the vapour of another metal, 
and ( d) exhibits strong temperature influence. From these results the 
following conclusions are drawn : (a) The electronic production in flames 
containing metallic vapours is proportional to the metallic content and 
ensues by impact of the metallic atoms with the flame molecules. Inter¬ 
action between the metallic atoms could not be established, notwithstand¬ 
ing Andrade’s conclusions as to metallic activity. (6) The emissivity 
constant of the alkali metals is proportional to the atomic weight, a result 
in agreement with earlier conclusions of Lenard. ( c) It is shown that 
from the investigations of Ebert, Andrade, and Wilckens on the obliquity 
of the vapour bands in the electric field no objections can be raised against 
the conclusions now drawn, (d) The temperature dependence of the 
conductivity renders the Marx photoelectric hypothesis very improbable, 
although this gives the same concentration and atomic weight dependence 
of the conductivity as now established. The paper contains very copious 
experimental details, 11 tables of data, and 16 sets of curves. 

H. H. Ho. 


2837. A Remarkable Property of the Positive Column of the Mercury 
Arc. Influence of External Sheaths. L. Dunoyer and P. Toulon. 
(Comptes Kendus, 179. pp. 148-151, July 21, 1924.)—The phenomenon 
described is essentially a property of the positive column of mercury arcs 
fed by an alternating current. If around a part of the tube in which the 
positive column of this intermittent arc is produced a metallic sheath is 
placed, and if there is set up an alternating tension of the same frequency 
as that between anode and kathode, but of any phase chosen arbitrarily 
with respect to the latter, the following phenomena are then observed: 
Suppose first that the sheath is in the neighbourhood of the anode. If 
the tension sheath-kathode is in accord rephase with the tension between 
anode and kathode, the sheath provokes the passage of the arc, even when 
the pressure of the mercury vapour is too feeble for the arc to play spon¬ 
taneously between anode and kathode without the sheath (positive effect). 
If the tension sheath-kathode is in opposition phase with that of anode- 
kathode, the sheath provokes the extinction of the arc (negative effect). 
If the phase of the sheath-kathode tension shows a delay on the phase of 
the anode-kathode tension, gradually increasing from the neighbourhood 
of 0 to about n, the mean current which passes in the arc diminishes 
gradually from its maximum value to zero. If the phase of the ten¬ 
sion sheath-kathode shows an advance upon the phase of anode- 
kathode tension which gradually increases from 0 to tt, the mean 
current which passes in the arc remains constantly equal to its max. 
value. When the sheath is in the neighbourhood of the kathode, the 
circumstances of the production of the positive and negative effects are 
inverted. Effects produced by replacing the metallic sheath by the hand 
are described. Conditions are also described in which the bulb acts as 
a relay of extreme sensibility and enormous power. A. E. G. 
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2838. Thermoelectric Investigation of Nickel Alloys. W. Rohn. 
(Zeits. f. Metallkunde. 16. pp. 297-300. Aug.. 1924.)—The object of this 
investigation was to obtain a thermocouple suitable for commercial use 
up to temperatures in the neighbourhood of 1200° C. 1 he materials for 
such a couple should be cheap, durable, and the thermoelectric force 
should be reasonably high so as to avoid measuring instruments of great 
sensitivity. With this object in view, an investigation of the variation 
of the thermoelectric force of the metals Ni. Co. Al. Mg. l e. la. Au. Cu, 
Ag. Mo. and W with Pt as the other element of the couple was first carried 
out over the range 0°-1200°C. The results are represented graphically 
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in the paper, and it is concluded 
that Ni is the most suitable metal to 
employ as base for an alloy. Measure¬ 
ments were then made of the thermo¬ 
electric fore 2 . over the same 
temperature range, of Pt with 
binary alloys of Ni. The alloys 
used were Ni with 5 % of Al. Mn, 

Ti. Ta. Zr. W. Mo. Cr. and V. and 
10 % of Cu. Co. Fe, W. Cr. Mo. and 
V. The data are represented graphi¬ 
cally. From these curves it is 
deduced that combinations of Ni 
with Ni-Al or Ni-Cu or Ni-Fc might 
be used for ranges beyond 500°. 

For wider ranges combinations of 

Ni-Va. Ni-Cr. Ni-Mo or Ni-W. with cither pure Ni or Ni-Al 
would be suitable. Va is excluded on account of the technical 
of obtaining it sufficiently pure, and Ni-Al alloys with more than .» • 

ara difficult to prepare. Then follows an investigation of the electro¬ 
motive force of couples formed of Ni with 4. 8. 10 or 1 «» par s o 
Cr, 4. 8. 10. lg, 16 or 20 parts of Mo or W. and 10, 30. .»0 or 

70 parts by weight of Cu against pure Pt. From the curves co¬ 
ordinating these data it is inferred that suitable couples would >e 

Ni-Mo (16 % Mo) against Ni-Cu (Cu 50 %). No. I in figure. .Oxidation, 

however, sets in rapidly beyond 800 C. No. II represents Ni-Cr (U f> ,» 
Cr) against Ni. No. Ill (full line) is the usual Pt Pt-Kh couple, and the 
broken line IV is a combination of two Ni-Cr alloys giving almost the 
same thermoelectric force. 


ALTERNATING CU R UK NTS AND MAGNETISM. 

2839. Magnetic Measurements on Materials of High Initial Perme¬ 
ability. P. P. Ciofft. (Optical Soc. of America, J. and Rev. Sci. Inst. 9. 
pp. 53 60, July, 1924.)—Description of circuits and apparatus suitable 
for testing material such as permalloy. The specimen in the form of a 
long wire or tape is hung inside a long vertical tube carrying two 
magnetising coils wound side by side. A search coil at the centre is 
connected to a ballistic galvanometer. The galvanometer is calibrated 
by reversing known currents in the primary of an iron-free mutual 
inductance the secondary of which is in the galvanometer circuit. 
The current in one of the magnetising coils may be varied 
suddenly between any two values, positive or negative, by the 
VOL. xxvii. — a. —1924. 
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?' '; heos a,s and switches; and by switching current from the 
mil b ,I er J (connectcd to the inductance) into the other magnetising 
two 'T ^7 “ ° btaincd ' determining hysteresis loops 

varie l , at the ends of the Ioo P' a "<> the third is 

further ,“7, t ,ntervenin S ran S a - The usefulness of the set is 
lurther extended by connecting one magnetising coil to a vacuum tube 
osc Uator circuit for a.c. measurements. A normal magnetising curve 
and hysteresis loop are given for permalloy tape containing 78-6 Ni and 

f'. 5 F f- * a P* “ sa,ural ed in a field about 1 gauss, the induction 
being about 8000. For the loop. B„ ra . is about 6600 and H e about 0 05. 
Weights can be applied to test the effect of tension on magnetisation, as 
it had been found that local strains in tape coils greatly altered the 
magnetic properties of the coils. G. E. A 


2840. Ferromagnetic Constants for Weak Alternating Fields. H. 
Jordan. (Elek. Nachnchtentechn. 1. 1. pp. 7-29. 1924.)—The paper is 
m two parts. In the first part, distinction is made between hysteresis 
and after-effect, the latter being understood to include processes coming 
under Wiechcrt’s theory (1893). It is assumed that with the application 
ot small forces, pure after-effect, in the sense of the theory, alone enters, 
but that with increased forces hysteresis also is added. In the second 
part, with these assumptions, the laws of ferromagnetism are mathe¬ 
matically established, and the impedance of a ring magnet is determined 
in terms of the frequency and of the amplitude of the current flowing 
through the coil. The increase of permeability with current is of straight- 
line form, and the iron losses arc expressed in terms of the "loss 
resistance ” r, loss measure r/L . or loss angle r/oiL. The experimental 
disposition included a modified Wheatstone bridge in which the ring 
magnet is balanced against a resistance and inductance in scries. After 
balancing for continuous current, the variable arm requires an addi¬ 
tional resistance r when a.c. is applied to the bridge, on account of the 
iron losses in the ring. Losses due to eddy currents, hysteresis, and 
after-effect arc separately expressed, in terms of constants for each. 
According to Rayleigh, a general relation should exist between the 
increase of permeability and the hysteresis losses. Some experimental 
results are given which show the required straight-line increase of 
hysteresis loss with field strength, and also its relation to the increase of 
permeability. The after-effect losses in steel wire and in a core of com¬ 
pressed iron powder are very marked. G. E. A. 


RADIOGRAPHY AND ELECTRO-PHYSIOLOGY. 

2841. Clinical X-Ray Balance Radiometer. L. H. Clark. fBrit. J. 
of Radiology, 20. pp. 118-123; Disc., 124. Julv. 1924.)—The author has 
applied the principle of Rutherford and Chadwick’s y-ray balance fused 
in comparing quantities of radium with standards) to the measurement 
of X-rays. A shadow of the gold leaf of an electroscope is projected on 
a scale which can be observed from a distance. The instrument promises 
to be of considerable value in X-ray therapy. A. B. W. 
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2842. Adsorption and Kataphoresis. K. v. d. Grinten. (Oomph s 
Rendus. 178. pp. 2083-2085. June 16. 1924.)—The author places a small 
glass trough on the stage of an ultramicroscopc at the ends of which 
are fixed platinum foil electrodes charged to 10 volts. 1 he trough is 
filled with a suspension in water of the same glass prepared by pulverising 
the glass in an agate mortar ; the suspension keeps for weeks. I lie- 
direction of the migration of the particles is towards the positive pole in 
the middle portion of the trough and towards the negative pole close 
to the walls. When the trough is very shallow (018 mm. between object 
glass and cover glass) the velocity in the middle is 9 ^ per second. As 
the thickness increases to 0-6 mm., the velocity decreases to 0 /i and 
remains constant with greater thickness (up to 10 nun ). Along the 
wall the velocity is 3/x. The velocity measured is the difference between 
the electro-osmotic and the kataphoretic migration, and according to 
Helmholtz and Hiickel the velocity of a particle relative to the liquid 
is two-thirds that of the velocity which the particle would have along 
a wall of the same substance as the particle. The velocity decreases 
and its sense may be reversed when an electrolyte is added to the sus¬ 
pension the kation of which is absorbed by particles. At low concen¬ 
tration of the electrolyte the adsorption is very rapid ; the rate diminishes 
as the concentration increases. I'sing crystal violet as the electrolyte 
the author observed velocities of I 5 0. 2-6. “ 0-72. - '.i 0, am 

_ ft .37 » per second with concentrations of 1/200.000. l/.»0,000, 

1/20,000. 1/10.000, and 1/2000 gramme-molecule per litre. Similar experi¬ 
ments were made with colloidal selenium and other colloids. H. B. 


2843 The Adsorption of Polonium by Colloids. J. H. Brennen. 
(Comptes Rendus. 179. pp. 101-163. July 21. 1024.)-Thc colloid was 
precipitated by means of electrolytes, and the precipitate filtered with 
filter paper with very fine pores, such as that used for barium sulphate. 
The amount of polonium separated with the precipitate, as compared 
with that left in the liquid, depends on the time. A. during which the 
polonium remains in contact with the colloid before precipitation, and 
on the time, B. during which the precipitate is allowed to settle before 
filtration. Making B as short as possible, the percentage of polonium 
carried down with the precipitate increases during the first minutes of 
A, and reaches a maximum in 20 or 30 minutes ; it is supposed that this 
is due to diffusion of polonium into the interior of the colloidal particles. 
If A is as short as possible, not more than a minute, the percentage in 
the precipitate increases with B. and reaches a maximum which, within 
the limits of experimental accuracy, is the same as the previous one. 
If the colloid is first precipitated and the polonium is added afterwards, 
the adsorbed polonium increases rapidly, and after half an hour the same 
maximum is reached as before. Very small quantities of colloidal silver 
or ferric hydroxide are able to carry down almost the whole of the 
polonium. N - A * 

2844. Adsorption. J. Frenkel. (Zeits. f. Physik, 26. 2. pp. 117- 
138, 1924.)—When gas atoms or molecules of a gas stream impinge on 
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the surface of a solid, they arc in no way reflected but condense, and 
after a certain time they rc-evaporate. The quantitative development 
of this idea leads to the following results : The time during which an 
atom remains adsorbed is r = r 0 . € u <J kT , where r Q is the period of 
oscillation (at right angles to the surface) past the position of equilibrium, 
»o is the work of release, and T the absolute temperature. Let v be the 
number of atoms impinging per second and n the number of atoms 
adsorbed ; then n/r will be the number of atoms evaporating per second ; 
and if v be not too great we have v = n/r and n remains constant. If 
the affinity of the adsorbed atoms for one another be greater than for 
the particles of the adsorbing substance, then when v v* or T ^ T* 
precipitation of the atoms takes place, principally in the form of doublets, 
later of higher complexes. T* corresponds to Knudscn’s " critical 
reflection-temperature.” If the affinity of the adsorbed atoms for one 
another be less than for the particles of the adsorbing substance, then, 
at temperatures not too high, a compact monomolecular layer is formed 
on the surface. In the same way it is possible to treat sublimation of 
solids and particularly their dissociation, which has to be regarded as a 
preliminary to the process of fusion. A. D. 

2845. Absorption of Lithium Vapour. A. L. Narayan and D. 
Gunnayya. (Roy. Soc., Proc. 106. pp. 51-54, July 1, 1924.)—Channelled 
absorption spectra have been obtained on both sides of the first line of 
the principal scries, and also a fine line absorption spectrum immediately 
on each side of the main line. 

The lithium was heated up to as high as 1200° C. in a glazed porcelain 
tube about 50 cm. long and 1 inch in diameter, under reduced pressure. 
The width of the lithium red line at the maximum temperature used 
was about 75 A. The wave-lengths of the more prominent bands have 
been tabulated. A. C. M. 

2846. Absorption Spectra of Vanadiutn, Titanium, and Scandium- 
H. Gieseler and W. Grotrian. (Zeits. f. Physik. 25. 4-6. pp. 342-366, 
1924.)—Absorption lines of these elements have been recorded using a 
furnace of King’s type. By making use of the regularities already 
known in the arc spectra of these metals, the lines have beeu thrown 
into a series scheme. 

For vanadium, the lowest level is the F level in the system of 
quartets. The normal state is given by the term F. It is therefore con¬ 
cluded that the last-bound electron circulates in an orbit of azimuthal 
quantum number 4. 

In titanium the greatest term values correspond to the F level of the 
triplet system. The normal state of the atom is given by the F 2 term. 
So in this atom also the last-bound electron circulates in a path of 
azimuthal quantum number 4. 

In scandium the lowest level corresponds to a doublet system level 
with a separation of 168-5 cm. The authors believe this to be a 
D-term, in opposition to Catalan, who writes of it as a P-term. A 
definite conclusion is not yet possible on account of lack of Zeeman- 
effect data. 

2847. Adsorption from the Gas Phaseat a Liquid-gas Interface . 
Part II. T. Iredale. (Phil. Mag. 48. pp. 177-193, July, 1924.)—In a 
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previous paper [see Abstract 2042 (1923)] the author described a “ drop- 
symmetry ” surface-tension method of determining the amount of 
adsorption of some organic vapours by mercury. The vapour dealt 
with was that of methyl acetate. The present experiments show that 
with vapours of water and benzene similar phenomena are observed, 
namely that the surface tension decreases as the vapour pressure is 
increased, but that when the vapour is saturated variable results arc 
obtained. In extreme cases, where the water was actually condensed 
on the mercury surface, the surface tension fell to a very low value, 
corresponding to that found for the mercury-water interface. The 
values of T (the surface excess of adsorbed vapour) from the Gibbs 
equation T = — pda/dp. at the saturation-point, were found to be, for 
water. 1-8 X 10“ 8 . and for benzene 6-2 X 10“ 8 gram, per sq. cm., being 
somewhat less than that required for a monomolccular fdm. Experi¬ 
ments have also been carried out by the author in an attempt to clear 
up some discrepancies in the literature dealing with the measurement 
of the surface tension of mercury in a vacuum. It appears possible that 
the adsorption of water-vapour from the glass of the apparatus is 
responsible for the anomalies that have l>ecn observed. This matter is 
being further investigated. T. 13. 


2848. Adsorption Forces and their Electrical Mature. B. Iliin. 
(Phil. Mag. 48. pp. 103-200. July. 1024.)—Adsorption is considered to be 
originated by electrostatic forces, and an expression is derived connecting 
adsorption capacity ('and the dielectric constant c of the absorbed gas 
which receives support from experimental data. The heat of adsorption 
Q is defined as the difference between the external energy of the adsorption 
field of the adsorbent in a vacuum and in the given gas. an expression 
relating to the heat of absorption and the dielectric constant of the gas 
being developed which is confirmed by experimental observations. It is 
shown that there is a definite parallelism lx*twecn the changes in 

log C^, Q, * ■ and the attraction constant of van dcr Wan Is from one 

gas to another. 13. \V. C. 


2849. A Correspondence Principle for Absorption. J. H. van Vleck. 
(Optical Soc. of America, J. and Kcv. Sci. Inst. 0. pp. 27-30, July. 1024.) 
—The basis for the correspondence principle for intensities so successfully 
developed and applied by Rohr, Kramers, and others is brielly described, 
it being pointed out that the considerations employed relate primarily to 
emission in the absence of a radiation field, while no attempt is ordinarily 
made thoroughly to reconcile the quantum theory terms I3?p(v„) and 
H'/)(e, t ) with the classical mechanism of absorption. The author now 
gives a computation on the basis of classical mechanics of the rate 
of absorption of energy by nn arbitrary multiple periodic orbit in a 
field of radiation. This for a linear oscillator or rotator reduces to the 
values derived by Planck and Fokker. but proves to be quite different 
even at long wave-lengths from the quantum theory expression 


hv n J}'p(r, t ) for the average rate of absorption of energy by an 
orbit, provided W t is determined by R, = 13, = A r C : /Hnhu rt and 
a; = (27T)*(l/te*)c*v? tl \Z t ' J, where A;,.,,.,, is A"** Tl + r 3 


*»»• »*• 
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+ A T| ' fli T3 evaluated for an orbit having the same size and shape as the 
stationary state r. As suggested in part to the author by Breit, the 
solution for this difficulty is that the classical absorption must be com¬ 
pared, not with the true rate of absorption in the quantum theory, but 
with what he terms the differential rate of absorption, viz. hv n ti r s p(y, s ) 
— hVsj&p[v H ). The states r, s, and t are so chosen that if the quantum 
numbers of the state s be denoted by n v « 2 , w 3 , then those for the state 
r are n l + r v n 2 -f- r 2 , n, + r 3 , while those for the state l must be 

— T,, n 2 — t 2 , m 3 — r 3 . v n and v u are in general unequal, but 
approach each other asymptotically at long wave-lengths, i.e. starting 
with a given orbit of very large quantum numbers there is in Einstein’s 
terminology both a positive and a negative " Einstrahlung ” of nearly 
the same frequency, and it is the difference of the two which is to be 
compared to the classical absorption. This is termed the correspondence 
principle for absorption. The causes for the asymptotic connection are 
then examined. H. H. Ho. 

2850. The Use of the Coherer to Investigate Adsorption Films. 
W. G. Palmer. (Roy. Soc., Proc. 106. pp. 55-68. July 1, 1924.)— 
Notwithstanding the former widespread use of the coherer or loose- 
contact detector of electric waves, and the numerous researches on its 
mode of action, no systematic investigation appears to have been under¬ 
taken to ascertain the effect on the detector of the gas surrounding the 
contact. Branly and others suggested that the cohering effect under 
electric stress across the contact might be due to the dispersion of a 
badly conducting film originally lying between the metal surfaces at 
the point of contact. This hypothesis appears confirmed by the present 
author’s results, which indicate not only a highly specific effect for each 
gas. but an effect in agreement with the known phenomena of adsorption 
of gases at solid surfaces. The theory of Eccles, founded upon the 
thermoelectric properties of the metals in contact, and depending upon 
temperature changes at the point of contact, seems to be untenable 
when it is found that cohering action can certainly occur with a fre¬ 
quency of 10® times a second [see Abstract 1322 (1920)]. Contacts have 
now been investigated between fine tungsten filaments taken from an 
old lamp, platinum filaments, and carbon-tungsten surfaces. The former 
material is very suitable, since its surface can be cleaned by heating to 
a high temperature, while it must have been exceptionally well glowed- 
out. Guthe and Trowbridge indicated that whatever the mechanism of 
coherence of a loose-contact under electric stress may be, metallic con¬ 
tact ensues after it has taken place. The author has found that the 
cohered junction would carry a current of a few milliamp£res with very 
little resistance for an indefinite time, until the film of condensed gas 
was again allowed to intrude by tapping the apparatus and so causing 
the filaments to separate momentarily. This is proof that the current 
obtainable after cohering is not due to ionisation, and in no case did 
the voltage impressed across the contact attain the known ionisation 
potentials of the gases used. Full apparatus and procedure details with 
data are included, the gases used being nitrogen, oxygen, carbon mon¬ 
oxide, nitrous oxide, nitric oxide, ammonia, ethylene, sulphur dioxide, 
water, carbon dioxide, ethane, and acetylene. From the critical voltage 
required to remove the film and bring about metallic contact, the energy 
of desorption of the gas film is calculated, although assumptions have to 
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be made that are not readily amenable to experimental test. It is sug¬ 
gested that this method now employed, though indirect, has two 
important advantages over direct calorimetric determinations upon 
finely divided materials: (1) Production of a clean filament surface by 
vigorous glowing; ( 2 ) distinction between heat of solution and true 
heat of adsorption, since gases dissolved in the adsorbent can play no 
part in increasing the electric resistance at the contact. The latent 
heat of evaporation of the gas film as calculated is in general of the same 
order of magnitude as the latent heat of evaporation of the liquefied 
gas at its boiling-point, and it is therefore tempting to regard adsorption 
as brought about by agencies similar in nature to those operating in 
ordinary liquefaction. There would then arise the difficulty of account¬ 
ing first for a simple process of condensation that occurs at temperatures 
so far above the boiling-point of the gas. and even in some cases above 
the critical temperature ; and secondly, for the fact that some gases— 
eg. nitrogen, carbon dioxide and nitrous oxide—are desorbed from tung¬ 
sten. etc., with practically zero latent heat, in spite of the fact that two 
of these gases have high critical temperatures. If the adsorption were 
chemical in nature, the inactive gases, nitrogen, carbon dioxide, and 
nitrous oxide should be held very loosely to the adsorbing surface. The 
very large values of the heats of desorption of aged films of oxygen, 
carbon monoxide, and water on tungsten arc comparable with the heat 
liberated in vigorous chemical action which would be expected on a 
chemical basis. In some cases it seems that close contact with the 
metal is able in a short time to open out the electric parts of the adhering 
molecules and form a more firmly attached film. The values of the heat 
of desorption of hydrogen, nitric oxide, and sulphur dioxide arc practi¬ 
cally the same for tungsten and platinum surfaces, although the latter 
cannot open up carbon monoxide or oxygen in the same way as the more 
electropositive tungsten. It is suggested that the known sorption of 
carbon dioxide by carbon is entirely due to solution of the gas. H. H. Ho. 

2851. Electrolytic Corrosion in a Water Gas-holder. F. H. Rhodes 
and E. B. Johnson. (Indust, and Engin. Chcm. 10. p. 575, June, 
1024.)—The attention of the authors was called recently to the following 
instance of electrolytic corrosion, which was interesting and rather 
unusual, for the electrolysis was brought about by having a single piece 
of metal in contact with two solutions of different oxidising power rather 
than by having two different metals in contact with each other and 
with a single solution. In the outer tank of a gas-holder severe corrosion 
developed throughout a horizontal zone extending from about 4 in. to 
about 3 ft. below the level of the sealing water. Throughout this entire 
zone the steel was badly attacked, and many holes, some of them as 
large as 0-25 in. in diameter, were eaten through the plates. There 
was no evidence of attack at or just below the level of the scaling water 
nor in the lower part of the tank. The particular holder in which this 
corrosion occurred was a relief gas-holder which received raw gas directly 
from the water-gas machines. At the same plant another holder, which 
was used for storing a mixture of purified water-gas and purified coal- 
gas, showed no evidence of localised attack. It appeared very probable 
therefore that the corrosion was due cither directly or indirectly to the 
presence of some impurity (possibly hydrogen sulphide) in the raw gas. 
Samples of the scaling water from near the surface and from about 
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20 ft. below the surface were analysed for total sulphur. The results 
were as follows :— 

Sulphur in water from top .0-0055 grammes per litre. 

Sulphur in water from 20 ft. below surface_0-0109 grammes per litre. 

1 hat the corrosion was not due to the simple rusting of the iron by 
oxygen dissolved in the water is indicated by the fact that the attack 
was more severe below the water level than at the surface of the water 
where the concentration of dissolved oxygen was greatest. That the 
corrosion was not due to the simple chemical action of the dissolved 
hydrogen sulphide on the iron is shown by the fact that the attack was 
confined to a narrow zone near the top of the holder, although the water 
near the bottom of the holder was in more direct contact with the gas 
and should contain a higher concentration of dissolved hydrogen sulphide. 
The observed facts may be explained by the assumption that the corro¬ 
sion was electrolytic in character, the required difference of potential 
for the electrolysis being produced by an oxidation-reduction cell. The 
water at the top of the holder contained some dissolved oxygen, and 
the iron shell in contact with this oxidising solution formed the kathode. 
The water at some distance below the surface contained dissolved hydro¬ 
gen sulphide and possibly other active reducing substances, so that the 
iron shell in contact with this reducing solution formed the anode. The 
electrolysis therefore would be confined to the region near the zone in 
which the transition from the oxidising solution to the reducing solution 
took place ; and most of the corrosion would occur immediately below 
this transition zone. This electrolytic theory therefore explains the 
fact that the corrosion is confined to a narrow band somewhat below 
the water level. The theory also accounts for the large amount of iron 
oxide in the scale. 

In order to confirm the theory that an oxidation-reduction cell was 
established by the metal in contact with the upper and lower layers of 
water in the holder, a cell was constructed in which one clement was an 
iron wire in contact with a portion of the sealing water taken from the 
lower part of the holder, while the other element was a similar wire in . 
contact with some of the water from the surface. The electromotive 
force of this cell, as measured by a potentiometer, was 0-02 volt, the 
wire in the water from the top of the holder being the kathode. The 
wire in the reducing solution was very appreciably corroded, while 
the wire in the surface-water remained bright. J. B. C. K. 

2852. Surface Tension of Colloidal Solutions and Dimensions of Certain 
Organic Molecules. P. L. du Nduy. (Phil. Mag. 48. pp. 264-277, 
Aug., 1924.)-r-By means of an apparatus depending on the puli on a 
ring, investigations have been made on the spontaneous fall in the 
surface tension of all colloidal solutions. This fall increases with the 
dilution and exhibits a maximum at a given concentration, usually 
between 10“ 4 and 10“ 5 . For colloids such as blood serum and albumen, 
which have not been regarded as having a powerful action on the surface 
tension of water, the fall may amount to 20 dynes per cm. At high 
concentrations, certain colloids, such as saponin, may show even a 
slight increase in surface tension. 

. kjTbe surface tension of these colloidal solutions rises when the liquids 
are stirred. The existence of an accurate criterion of the existence of a 
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mono-layer at a known concentration renders possible the calculation 
of the thickness of such a layer. This criterion—the minimum value— 
does not always coincide with the maximum fall. With pure soluble 
substances, such as albumens, etc., it gives the length of the molecule, 
and when the molecular weight is known, the cross-section of the mole¬ 
cule can be calculated. The length of the molecule of sodium oleate is 
found to be 12-3 X 10 ~ 8 cm. and its width 6-8 x 10 “ 8 cm., whereas 
the length is 43-3 x 10 “ 8 cm. for serum albumen and .'> 2-8 x 10~ 8 cm. 
for egg albumen. 

The crystallisation of sodium chloride or other salt solution is 
affected by the presence of even one-millionth part of most colloids, 
which prevents the formation of large crystals on the bottom of a watch- 
glass containing the solution. The molecules and ions are adsorbed on 
the colloidal micella? and carried up to the surface layer, and. as evapora¬ 
tion proceeds, the colloidal particles with their adsorl>ed sodium chloride 
are deposited on the glass in concentric beaches ; with certain concentra¬ 
tions of the colloids, periodic, concentric rings are formed. 

Evaporation of serum solutions in watch-glasses is slower at a dilution 
of 10“ 4 than at any other concentration, this being regarded as the result 
of the formation of a monomolecular, oriented layer. When sodium 
oleate or any surface-active colloid is added to a more inert colloidal 
solution, such as one of pure serum, the surface tension falls in value 
considerably, then immediately rises, and may reach its initial value in 
seven minutes. ^ 

2853. The Theory of Osmotic Pressure, Membrane-Potential and the 
Flocculation of Colloids. Investigations on Colloidal Chromic Hydroxide. 
N. Bjerrum. (Zeits. phys. Chcm. 110. pp. 050 084. 1024.)—In con¬ 
tinuation of earlier work on basic chromium compounds, an investigation 
is made of the properties of colloidal chromium hydroxide, which is pre¬ 
pared by acting on chromic nitrate with dilute sodium hydroxide and 
dialysing the oxide by means of a collodion membrane. The oxide thus 
produced is of great stability, and can be kept in contact with dilute 
acid solutions for a year without essential change of its properties. 
Measurements of osmotic pressure arc made of samples of this hydroxide 
contained in a collodion cell when at various concentrations and in 
presence of different electrolytes such as hydrochloric acid. It is verified 
that the osmotic pressure is determined by the sum of two factors. P, 
the pressure of the colloid itself and P 2 that produced by the difference 
in concentration of the dialysed ions, when in equilibrium, on the two 
sides of the membrane in accordance with the Donnan law. It is found 
experimentally in accordance with this law that the following relation is 
followed in the case of monovalent ions :— 

l\ =* RT[Cr]/n and P 2 = RTfa/2)*[Cr]*/e 

where [Cr) is the concentration of chromium in grm. atoms per litre, n 
the mean number of Cr atoms in the colloid particle, q the mean number 
of free positive charges on the colloid per Cr atom, c the ionic concen¬ 
tration of the electrolyte. From the osmotic measurements it is calcu¬ 
lated that the colloid particles of the chromic hydroxide contain on an 
average about 1000 Cr atoms and 30 free charges. 

Measurements of potential are made by hydrogen and calomel 
electrodes connecting with the two solutions. The relation between 
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inner and outer ionic concentration and the compensating membrane 
potential which is required by Donnan's theory is found to be followed. 
According to this. I a /I, = (/„f/ri)h where €m is the difference of potential 
across the membrane when osmotic equilibrium is reached, l„, I,- the 
ionic activities or concentrations of the respective solutions, and n the 
valency of the ion. The values of I*/I,- are determined by measuring 
the concentration of both H and Cl ions by hydrogen and calomel 
electrodes respectively, and in the former case also by a chemical method. 
1 he conclusions reached are in agreement with earlier work by Loeb on 
protein solutions. Values for the membrane potential calculated from 
the formula P.» = RTc(e„F/RT) 2 which is deduced from the theory are 
lower than the observed. The discrepancy is attributed to the non¬ 
validity of the assumption that the activity of the ions is identical with 
their osmotic effect on account of the adsorption of anions (Cl') by the 
colloid particles. From the amount of the absorbed ions as determined 
by chemical analysis and potential measurements and the free charges, 
the average total charge on the colloid particles is estimated to be 
240 ions. The total charge on the colloid particle per grm. atom of 
Cr varies from 0-24 in presence of 0 01 HC1 to 017 with 0 001 HC1. 
This fall with diminishing acid content is attributed to the effect of 
hydrolysis. A relation which has not yet been determined exists between 
the amount of absorbed anion, the free charge of the colloid, and the 
anion activity. 

In flocculation with polyvalent ions, the precipitation zone is found 
to be narrow, well-defined, and independent of time. The amount of 
ferrocyanide ions necessary for complete flocculation corresponds closely 
to the total charge of the colloid. In the case of bivalent sulphate ions, 
rather more is required. [See also Abstract 348 (1907).] J. N. P. 

2854. Electrometric Study of the Hydrolysis of Salts. P. Job. 

(Comptes Rcndus, 179. pp. 49-52, July 7, 1924.)—The course followed by 
the hydrolysis of a salt of a weak acid or of a weak base may be deter¬ 
mined by measurements of the hydrogen-ion concentration. By this 
means it is found that the action of hydrochloric acid on a pyrophosphate 
in 0 001 N-concentration takes place in three phases: (1) The addition 
of 1 mol. of acid, H* + P 4 C>7 the dissociation constant then 

being of the order 3* 10—®; (2) HP 4 oJ" + H*-*H 2 P 4 07 (A = about 10" fl ); 
(3) when all the pyrophosphate has been transformed into disodium 
salt, it behaves as a neutral salt, the last two acidities being thus strong 
acidities. 

In the case of borax, the curve obtained may be interpreted by assum¬ 
ing that the ion B 4 0 7 exists only in the solution in very small quantity I 
that it is transformed under the influence of water into boric acid and 
the metaboric ion, BOo or H 2 BC>3. and that it is the hydrolysis of a 
mixture of boric acid and metaborate which is observed. According to 
this hypothesis, the dissociation constant of boric acid is of the order 10" # - 

The hydrolysis of ammonium salts and alkali acetates, in solutions 
of normality between about 0-001 and 0-03 and of hydrogen-ion concen¬ 
tration between 10 -7 and 10~ 3 for acetates or 10“ 7 and 3-10“ 12 for 
ammonium salts, conforms to the ionic theory. T. H. P- 

2855. Effect of Hydrogen-Ion Concentration on the Submerged Corrosion 
of Steel. W. G. Whitman, R. P. Russell and V. J. Altieri. (Indust. 
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and Engin. Chem. 16. pp. 665-670. July. 1924.)—The main factors in 
the corrosion of steel submerged in natural waters, dilute alkalies, and 
dilute acids are the protectiveness of films of corrosion products and the 
rate of oxygen diffusion. 

The degree of film protection is determined largely by the p H of tlic 
solution adjacent to the metal, since this affects the solubility of ferrous 
hydroxide and hence the physical condition of the precipitated film. 
In the alkaline region increased pn renders the liquid next to the metal 
more alkaline and causes the formation of a more protective film, 
although the initial rate of corrosion is as great as the rate in natural 
waters. This film requires some time to develop its full protectiveness, 
and it is not readily destroyed when the alkalinity of the solution is 
reduced. The determining factor is thus increased film protection rather 
than insufficient hydrogen-ion concentration. The results of various 
observers, who observed a maximum rate of corrosion at a critical 
alkalinity, arc invalidated by failure to protect the solution from carbon 
dioxide in the atmosphere. 

Throughout the whole region of natural waters the film protection 
of a given water is constant, since the p H of the solution next to the 
metal is maintained at the constant value 9-5 by the solubility of 
ferrous hydroxide, the corrosion being determined by the rate ol 
diffusion of dissolved oxygen to the corroding solid. 

On the acid side of the natural water region evolution of hydrogen 
starts when the alkalinity of the liquid next to the metal is neutralised by 
the acid in the main solution. This point depends principally on (1) tile 
rate of mixing of main solution and surface liquid. (2) the total acidity 
in the main solution, and (3) the rate of production of alkali m the surface 
liquid by the process of corrosion. On account of (2) a weak acid wi 
induce evolution of hydrogen at a lower hydrogen-ion concentration 
than is required with a strong acid, and on account of (3) decrease in 
oxygen concentration, which will decrease corrosion and production of 
hydroxyl ions, will permit readier neutralisation, and hydrogen will be 
evolved at lower acidities. 

The rate of oxygen reaction in the acid region is greatly increased l»v 
the facts that evolution of gas causes turbulence in the liquid adjacent 
to the metal surface, and thus increases the rate of oxygen diffusion, and 
that the protective film is absent. [See Abstract 2616 (1924).} l.H.P. 

2856. Representation of the Periodic Sytetn. W. Palmaer. (Zeits. 
pliys. Chem. 110. pp. 685-704. 1924.)—By means of the so-called 
quadratic rule, according to which hydrogen is placed at the head of 
the alkali metals, the number of elements in the different periods is 
fixed and the arrangement of the periodic system facilitated. Atoms 
with 2»»*(»» ^ 1, 2. 3. or 4). or if n = 2. 3. or 4. also with double as many 
electrons must form extremely stable configurations (rare gases), and 
the paths of the electrons are distributed on surfaces. 

The normal potentials of tlic elements—which may be taken as a 
measure of the chemical affinity—exhibit pronounced i»criodicity, which 
is simple in the first three periods and double in the two large periods ; 
hence multiple periodicity is to be expected in the very large periods. 
The fact that, at the positions of the rare gases, the curve is at least 
apparently discontinuous supports the view that the rare gases limit the 
different periods. 
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On these foundations is constructed a representation of the periodic 
system, in which the essential novelty is the distribution of all the rare 
earth metals in the principal sub-groups of groups III and IV. The 
data necessary for testing the accuracy of this view are as yet incomplete. 

, • T. H. P. 

2857. Studies in Heterogeneous Equilibria. Part 111. A Kinetic 
Theory of Reversible Oxidation Potentials at Inert Electrodes. J. A. V. 
Butler. (Faraday Soc., Trans. 19. pp. 734-739. March. 1924.)—A 
kinetic theory of reversible oxidation potentials at inert electrodes is 
developed. The probability is indicated that when an electrode is in 
contact with a solution, the ions in the immediate vicinity of the surface 
become adsorbed to some extent. The case is considered of two ions, 
and M n . differing only in their state of oxidation and carrying 
and m h positive charges respectively. The process may be repre¬ 
sented by the equation Mj -f c = M„, where € represents an electron. 
Through the agency of the free electrons of the metal electrode, M n 
will tend to lose its extra electron, while Mj will tend to gain an 
electron. If the rates of these two changes are initially unequal the 
metal surface will be left with a charge which will accumulate until the 
processes occur at equal rates. 

Expressions are derived to evaluate the work done by the following 
changes: (1) The displacement of an electron to the "balance-point” 
against the surface attractive forces of the metal, or tf> 1 ; (2) the addi¬ 
tional electrical work, E S F, performed on account of the existence of a 
p.d. E, at the surface; (3) the removal of an electron from its stable 
position or orbit in M n to the " balance-point ” involving the work 
(4) the displacement of the molecules or ions from the surface to the 
balance-point and from the interior to the balance-point; (5) the energies 
of hydration of the ions M, and M n , denoted by Hm, and Hm„ respec¬ 
tively. The final expression for the normal oxidation potential reduces 
to the following :— 

Further </>., — <)> l = (V — <f, 0 ) F where V is the ionisation potential 
corresponding to the removal of an electron from Mj| in solution, and 
<f >o is the thermionic work function of the metal. The oxidation potential 
is thus determined by (1) the ionisation potential corresponding to the 
loss of an electron by the reduced molecule ; (2) the difference in the 
energies of hydration of the two substances concerned ; (3) the thermionic 
work function of the metal ; (4) the values of k l and k 2 , which are the 
constants in the exponential relation, giving the rate at which the pro¬ 
cesses + € = Mn and M ix — Mj -f € occur. Since the quantities (1) 
and (2) cannot be evaluated, a direct comparison between observed and 
calculated values is not possible. A further case dealt with is that of the 
p.d. of a metal in contact with a solution containing its ions in different 
stages of oxidation. [See Abstracts 2626 and 2626 (1924).] J. N. P- 

2858. Molecular Attraction and Combination. O. Maass. (Frank. 
Inst., J. 198. pp. 145-159, Aug., 1924.)—Direct evidence of molecular 
attraction between molecules of different gases is afforded by the change 
in pressure when they are mixed. For permanent gases the effect i$ 
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small, but for mixtures such as methyl ether and a halogen hydride the 
change in pressure may amount to 4 cm. at normal pressure. When 
the inter-molecular attraction becomes very great there is a tendency 
to form molecular compounds, and the existence of these is often con¬ 
firmed by freezing-point curves. It is suggested that for many reactions 
to take place the molecules must be moving slowly, since then the 
attraction between them will tend to orientate them favourably. A. Wh. 

2859. The Nature of Non-Ionised Acids. Correction. A. Hantzsch. 

(Zeits. Elektrochem. 30. p. 397. Aug.. 1924.)—In a first paper [Abstract 
2329 (1923)], the author had stated that solid oxalic acid (a pseudo-acid) 
was indifferent towards his azo-indicator, whilst in a second paper 
[ibid. 30. p. 206. 1924] the acid was said to colour the indicator yellow, 
not red. The apparent contradiction is due to the use of two different 
indicators of the same type, dimethylamino-azobcnzcnc and amino- 
azobenzene. B. 

2860. Non-luminous Oxidation of Phosphorus in an Oxygen Atmo¬ 

sphere. (Lord) Rayleigh. (Roy. Soc., Proc. 106. pp. 1-8. July 1. 
1924.)—The views on phosphorescent combustion of phosphorus developed 
in former papers [Abstract 335 (1924)] require that phosphorus vapour, 
when apparently inactive in an atmosphere of oxygen, should in reality 
be combining with it at isolated centres, though the action fails to spread. 
It is now shown that slow oxidation docs, in fact, take place under these 
conditions. By suitable manipulation, either this action or the ordinary 
phosphorescent combustion may be caused to occur at one given pressure 
and external temperature. The rate of oxygen absorption is widely 
different In the two cases, so that there can be no doubt that they arc 
really distinct. Stringent photographic tests show that luminosity docs 
not accompany the slow action. It is found that, with a given area of 
phosphorus surface, the rate of action is enormously increased by allowing 
a large oxygen space round it. This and other experiments show that 
the action occurs in the volume of the gas space, and therefore between 
oxygen and phosphorus vapour. A. W. 

2861. Atomic Dimensions and Chemical Reactivity. H. L. Riley. 
(Phil. Mag. 48. pp. 126-128. July. 1024.)—If the hydrogen molecule be 
supposed to bo approximately spherical, the diameter will be 2-5 • 10 cm. 
This is assumed to give an approximate value of the radius of the orbit 
of the binding electrons, and it is pointed out that those elements which 
havo an atomic diameter less than this form hydrides with the evolution 
of energy, and those with greater radius form hydrides with absorption 
of onergv. A table for fifteen elements is given. It is suggested that 
the only chance for an atom to upset the equilibrium of the hydrogen 
molecule, itself a very stable structure, is actually to penetrate the 
electron ring. This can easily occur when the diameter of the reacting 
atom is less than that of the ring, but not when it is greater. Reference 
is also made to the smooth relation indicated when the free energy of the 
halogen acids is plotted against the reciprocal of the atomic diameter. 

A. Wh. 

2862. The Quantum Sensibility of the Uranyloxalale Photolysis. 
P. F. Biichl. (Zeits. phys. Chcm. 111. pp. 269-314, Aug. 5, 1924.)— 
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Having reviewed the previous work on the photolysis of urahyl oxalate, 
which yields formic acid, carbon dioxide, carbon monoxide and uranous 
salt (the formation of which may cause turbidity), the author describes 
experiments made by exposing to the rays of a half-watt lamp, with or 
without colour filters, solutions of uranyl oxalate and of mixtures of 
uranyl nitrate, uranyl sulphate, or acetate and oxalic acid. The con¬ 
centration of the uranyl salt was always low, 1/60 molar on the average, 
in order to avoid complication by the turbidity arising during the reaction. 
The reaction was watched by analysis of the liquid phases ; the control 
of the gaseous phases was not suitable. It is found in confirmation of 
previous researches that the photolysis depends upon the uranyl oxalate, 
whether present as such or in complexes with the other salts, and is 
due to the decomposition of undissociatcd U0 2 C 2 0 4 and of its ions 
l’0 2 (C 2 0 4 l 2 ] . The presence of oxalic acid is-of no importance for the 
rate of decomposition. Owing to the high stability of the complexes 
formed, the photolysis is not influenced either by additions of oxygen, 
hydrochloric acid, sulphuric acid, and formic acid, unless they disturb 
the complexes mentioned ; but the acidity does influence the formation 
of formic acid and of the uranous salt. In accordance with Einstein's 
law 1 molecule of oxalic acid is decomposed per light quantum adsorbed. 
In the case of uranyl formate dissolved in sulphuric acid, 0-7 ± 0-2 mole¬ 
cule of uranous salt is formed per quantum ; this value is said to be in 
agreement with Hatt’s value 0-4 (ibid. 92. p. 613, 1917). H. 13; 

2863. On the Electrical Explanation of Chemical Forces. M. Born, 

(Zeits. Elektrochem. 30. pp. 382-386, Aug., 1924. Paper read before 
the Deut. Bunsen Gesell., Gdttingen, 1924.)—This paper assembles 
together the salient facts in support of the electrical theory of chemical 
affinity. Kossel’s conception of the electrical character of chemical forces 
is first discussed at length from its two standpoints of electrostatic 
attraction and ionic formation through acceptance and emission of 
electrons. Modern atomic theory and atomic constants next receive 
attention, leading to the electrostatic lattice theory. Ncrnst's objections 
to the Kossel theory are then considered and shown to be untenable. It 
is also established that directed valencies in the ordinary chemical sense 
find no place in electrical theory, and the mode of reconciliation between 
the two conceptions is discussed from the energy standpoint in relation 
to geometrical arrangement. H. H. Ho. 

2864. Chemical Reactions in the Glow Discharge. A. GUnther - 

Schulze. (Zeits. Elektrochem. 30. pp. 386-391, Aug., 1924. Paper 
read before the Deut. Bunsen Gesell., Gottingen, 1924.)—The normal 
kathode fall for a number of gas mixtures has been determined, and from 
the curves obtained conclusions may be drawn as to how and to w'hat 
extent chemical reactions occur in the glow discharge, also as to which 
are the primary effective ions in these reactions. It is then possible to 
detect chemical reactivity in such mixtures as He-O and Ar-O where 
reaction products cannot be isolated. Experimental details are included 
with tables of data. * J-. *; H. H. Ho. 

2865. Concentration Cells and Electrolysis of Sodium Ethoxide Solutions. 

M. Shikata. (Faraday Soc . Trans. 19. pp. 721-728, March, 1924.)— 
The research was undertaken to investigate the use of the mercury-drop 
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electrode [see Heyrovskv. Abstract 1279 (1923)] for the study of the 
electrolysis of non-aqueous solutions. The ethoxide is prepared by 
dissolving metallic sodium in pure dry alcohol, the solution being kept 
in the dark over diluted sodium amalgam and transferred into the cell 
by means of a current of dry hydrogen. The ethoxide did not evolve 
hydrogen when standing in contact with the amalgam for several days, 
and during that time the potential of that amalgam against a mercuric 
oxide electrode remained steady at 2 0855 volts. The deposition of 
sodium at the mercury-drop kathode is reversible as in the case of aqueous 
solutions. But the e.m.f. of the concentration cells indicates a quite 
abnormally high activity of the sodium ions setting in at a certain 
concentration, which is accompanied by changes in the conductivity and 
vapour-pressure, and attributed to diminution of the solvation of the 
sodium ions. 

2866. The Calculation of the Work of Chemical Change with Variable 
Concentration. C. Frenzel. (Zcits. phys. Chem. 110. pp. 547-558. 
1924.)—The author takes a reaction represented by 

n l a l + n 2 a 2 + . . . ^ v x a 2 + v 2 a 2 + . . . 

The initial state is given by : Initial concentration c l c i . . . y,y 2 • • • ’• 
initial partial pressure p x p 2 • • • ir \ n z • • •• number of molecules N,N 2 . 
R,R a ... In the equilibrium state: Concentration c ] c 2 . . . yiYi : 
partial pressure pj> 2 • • • • number of molecules N,N a . . . RjKa • ■ * 

Let IJ = constant volume, and for brevity putting ft « (r x — c i)V M i 
— (c 2 - c t )V/n t = . . . (yi - yJV/v, = ... If the number of mole¬ 
cules of species a x which undergo transformation is »ij, then 
fx = (c, - c l )V/n l = (N, - N,)/w l = 1. etc. The transformation may 
be visualised by the diagram. 



The process is carried out in the following way :— 

1. As many molecules a, are taken from the space RR by the piston 
through the semi-permeable membrane as will make the concentration 
in RR equal to c x and the pressure p v By this means N, — N, mole¬ 
cules a, leave RR and enter the piston, and the work done is 

I p .<lv = NjRT log (cjc x ). 

* Pi 

2. The N 4 — Nj = fin x molecules a x at pressure p x arc now incorporated 
into the space G/K, which requires the expenditure of external work 
= — (N t — Nj)/RT = — ^HjRT. 

3. As many molecules of a, are taken from RR at constant pressure 7r, 
vol. xxvii.— a. —1924. 
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as are jiecessary to raise the pressure of this component from y j to.y^. 
Since (y x — y i )V/v 1 = p, this requiresmolecules, and the work gained 
is /xt'jRT. 

4. These fiv l molecules of a, are brought to the pressure of those mole¬ 
cules 7 t, 77j in 1<R, which requires expenditure of work /w^RT log (ttJttj). 

5. Finally, this quantity is forced by the piston into RR, whereby 
Rj + fxv 1 molecules are raised from pressure 77, to pressure ir v This 
requires an expenditure of work equal to (R, + wvjJRT log (77^). 
Extending this to all species of molecules and introducing concentrations, 
the total work is 

RT log . .. y, R .y 2 R *... ]} - /iRT(2> - 2>) 

I he author then discusses special cases and compares his results with 
those of Thiel in the Lehrbuch von Kiister and Thiel, vol. 2, Heidelberg, 
1923, p. 1427. .T. B. 

2867. Electrolysis of Potassium-Sodium Alloys. R. Kremann and 

R. G. v. Rehenburg. (Zeits. phys. Chem. 110. pp. 669-671, 1924.)-— 
With suitable current densities, molten alloys exhibit electrolytic effects, 
the observed alterations in the concentration being the resultant of the 
electrolysis and of the diffusion, which acts in the opposite direction. 
As the current density is increased, the electrolytic effect increases and 
continually approaches a limiting value. The results now given refer 
to a potassium-sodium alloy with about 70 % of potassium, this being of 
nearly the eutectic composition and liquid at ordinary temperatures. 
The electrolysis was carried out in stout capillary tubes of about 1 mm. 
bore, and at temperatures between 100° and 110°, at which all the possible 
alloys remain liquid. T. H. P. 

2868. Electrolysis of Fused Salts. R. Lorenz. (Zeits. Elektrochem. 

30. pp. 371-376, Aug., 1924. Paper read before the Deut. Bunsen Gesell., 
Gbttingen, 1924.)—General notes on the subject with special regard to 
the equilibrium between metal and salt in melts. When molar fractions 
are substituted for concentrations the Nernst-Ogg formula for the e.m.f. 
can be calculated by Tammann's formula in cases when the one com¬ 
ponent is present at considerable dilution, i.e. for the ends of the 
equilibrium isothermal. This is found to hold for the differential e.m.f. 
of the chains Cd|CdCl 2 |Cl 2 and Pb|PbCl 2 |Cl 2 , as determined by Lorenz, 
Fraenkel and Silberstein ; but the author doubts the implied validity 
of the law of mass-action for the whole of the isothermal. A formula of - 
his own based upon the Duhem-Margules vapour-tension isothermal is 
found to be applicable only to fused lead and cadmium and their chlorides. 
The problem can, however, be solved with the aid of van Laar's thermo¬ 
dynamic potentials. ... - . .. H. B. 

2869. Protective Effect on Suspensions of Electrolytes added in Quantities 

Too Small to Effect Flocculation. A. Boutaric and (Miss) G. Perreau. 
(Comptes Rendus, 179. pp. 46-49, July 7, 1924.)—Flocculation of colloidal 
solutions of gamboge or mastic by addition of an electrolyte is retarded 
by previous addition of a small amount of electrolyte. In general such 
protective action is not observed with arsenic sulphide solutions. If the 
electrolyte first added is different from that used to effect flocculation, its 
effect may be either protective or accelerative. T. H. P. 
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. 1 , 2870. The Conception and Properties of the Electrical Double Layer 
and its Relation to Ionic Migration. J. W. McBain. (J. Phys. Chera. 
28. pp. 706-714, July, 1924.)—The present state of knowledge of the 
double layer between liquids and such materials as glass, membranes 
and colloidal particles is reviewed and the different assumptions which 
have been put forward in calculating the " contact potential ” are dis¬ 
cussed. According to Helmholtz the whole of the movement in these 
systems is due to ordinary viscous flow within the part of the liquid 
within the double layer. The deductions made by Helmholtz on the 
thickness of the double layer calculated from the condenser action of 
electrodes are discussed. The high-contact potentials formerly derived 
are now found to be much lower, while the thickness of the double layer 
and the number of charges are much less than the values formerly held. 
The fundamental assumption in all these previous calculations has been 
that the charges, or rather the mobile ions, form an effectively complete 
sheath, shutting off the body of the liquid in the tube from the annular 
space of the double layer. It is now considered, however, that the mobile 
ions, instead of being a complete monomolecular sheath, consist of scanty 
isolated ions, and that nearly all the ions of the adsorbed film are sessile 
and immovable. These immovable ions may be of opposite kinds, or 
few. or may form a practical complete adsorbed layer. A sessile ion 
may be balanced by a charge within the solid or by a mobile ion in the 
liquid. It is calculated that the mobile ions cover, at any given moment, 
only a small fraction of 1 per cent, of the surface. The above conception 
appears to harmonise the existing data, including also those for absolute 
electrode potentials and for the behaviour of sols, gels, and curds of soap. 
If this conception is a true interpretation of the existing data, the funda¬ 
mental assumptions made in all previous mathematical treatment of 
this subject are invalid. * J. N. P. 


2871. A General Formulation of Movement in an Electrical Field : 
Migration, Electrophoresis and ElectroOsmosis of Sodium Olcatc. Mary* 
E. Lalng. (J. Phys. Chem. 28. pp. 673-705, July*. 1924.)—A large number 
of measurements of electrolytic migration are made with sodium oleate 
solutions, which has the property of being available in the three forms 
of sol, gel and opaque curd. For this purpose determinations arc made 
during electrolysis of these solutions in tubular vessels of concentration 
changes in different portions of the vessel. It is established that the 
phenomena of electrolytic conduction, electroosmosis and electrophoresis 
are special cases of an identical process of which the essential feature is 
the relative movement between solvent and carrier. A general formula 
is derived to express the actual movement relative to the solvent of each 
constituent of any electrically conducting system, whether homogeneous 
or heterogeneous, electrolytic, colloidal or involving electrical double 

layers or diaphragms. This has the form n 1 = -- 1 — l ^ 1 . where c, is the 

number of chemical equivalents per 1000 grra. of solvent, m, the number 
of chemical equivalents which carry one electrical charge, /, the con¬ 
ductivity in reciprocal ohms of one chemical equivalent, and /z the total 
conductivity or the sum of the concentration of each conducting constituent 
multiplied by its mobility. The movement of the solvent relative to 

any conducting constituent is kilos, of solvent per faraday of current. 
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The velocity of electrophoresis and mobility are only identical when m, 
is equal to unity, that is, when there is one electrical charge per chemical 
equivalent. From this standpoint the only distinction between colloid 
and crystalloid is the number of chemical equivalents which are associated 
with one electrical charge. The voltages produced by the streaming 
of liquid past surfaces or of powders through liquids are related to the 
mobilities and charges in the same way that such potentials as diffusion 
potential are related to ionic mobilities. The ionic micelle is a case of 
an *' electrical double layer ” where the conductivity of both parts of the 
layer is operative, and it indicates that the participating ions and surfaces 
retain an unimpaired electrical conductivity. 

Hie movement of each constituent of soaps in solution relative to 
the solvent during the passage of the current is unaffected bygelatinisation, 
and remains the same whether the gel moves as a whole or in parts through 
the solvent or when the gel is fixed so that the solvent has to move through 
the gel. The identity of these values for sol and gel affords evidence for 
the conclusion that the colloidal particles in sol and gel are identical in 
nature and amount, except that in the gel some of them are arranged 
possibly in filaments or other loose structure, affording no additional 
resistance to the passage of the electrical current. 

In dilute solution the migration of sodium oleate is that of an elec¬ 
trolyte ; in the more concentrated solutions rather more sodium is moved 
towards the anode than towards the kathode. In a curd still more 
movement towards the anode is observed, which may in some cases 
exceed five equivalents of oleate per 1 faraday of current. Data are 
derived on the degree of hydration of the constituents of soap in solution. 

J. N. P. 

2872. The Mass-Action Law in Ionised Systems. W. Wessel. (Phys. 
Zeits. 25. pp. 270-277, June 1, 1924.)—In a consideration of the osmotic 
and activity phenomena of strong electrolytes a simplification in the 
treatment of the relations which has been made* by P. Debye [Abstract 
1957 (1924)] is applied by the present author in a wider connection which 
includes both gases and solutions, and the range of the simplification is 
further extended. The relations are subjected to detailed mathematical 
treatment. Account is taken of the ionic density in the distribution • 
of charged particles around an ion. Through the influence of the charge, 
the concentration of particles with charges of opposite sign to that of 
the ion will be somewhat increased and that of the particles with the 
same sign will be diminished. This effect will lead to a diminution of 
potential of the ion and a lowering of its inner energy, which leads to a 
modification of the mass-action relation. According to the Boltzmann 
principle the following relation applies :— 

ni(r) = n° t e-^ kT 

€ = 4*77 . 10“ 10 el. st. C.G.S., A=l-37.10“ 16 erg/degree, where 
n,(r) is the mean density of the ion of the order i at the point r, tp(r) >8 
the potential, Zi the number, and z t -e the charge of the ions, and «? their 
density in a charge-free space. It is inferred that for a low degree of 
ionisation, ionised gases obey the Guldberg-Waage mass-action law when 
to the energy of formation of the compound is added the electrical energy 
of the components. Thus the energy of formation U«/N of a molecule 
is to be regarded as the work which must be applied to separate completely 
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the components and bring them to zero potential. It is deduced that 
the electric energy per molecule is given by the expression : . 

” • * - ; \ U,-,= - Nzf«*x/2 

where N is Avogadro’s number and \ is the density of the ionic 
atmosphere. 

The equilibrium constant of the mass-action law K ( is. in its modified 
form, given by the expression 

K { (T)e-*‘ u J kT 

where in is the number of ions of the type i. Debye gives this expression 
the form /„K<(T), where f a is the activity coefficient, accordingly : 

Inf* = - i>.Ui./AT 
I— l 

whence RT/w/„ represents the " electrical total energy decrement of the 
process.” It is considered preferable to substitute the conception of 
V activity coefficient ” by that of the " inner electrical energy per 
molecule.”- J. N. P» 

2873. Dissociation of Acids in Alcohols. E. Schreiner. (Zeits. 

phys. Chcm. 111. pp. 419-430, Aug. 23. 1924.)—-Having applied the 
theory of electrolysis of Bjerrum to the dissociation of aqueous solutions 
of acids, the author proceeds to an investigation of solutions in ethyl 
and methyl alcohols. The law of mass-action is found to hold also for 
strong acids like picric acid, even in the presence of water ; but the 
activity constants of the ions deduced arc too great and do not agree 
with those calculated from the dielectric constants of alcohol and of 
water. The data used arc the conductivities of H. Goldschmidt and 
the dissociations in ethyl alcohol of E. Larson (Dissert., Lund). According 
to Bjerrum, the esterification of weak acids under the catalytic influence 
of stronger acids would merely depend upon the hydrogen-ion concen¬ 
tration. The relations are not always so simple, however, as the author 
shows by analysing Goldschmidt's values, l-'or various reasons he 
assumes that hydrochloric acid is not completely dissociated in alcohol. 
He is studying the dissociation by electrometric, katalytic, and refractq- 
metric methods. II. 13. 

2874. The Determination of the Secondary Ionisation Constants of 

Dibasic Acids. T. Paul. (Zeits. phys. Chcm. 110. pp. 417-434, 1924.)— 
The dissociation equilibrium of dibasic acids and their salts in water is 
considered, in particular tartaric acid is treated in both practical and 
theoretical detail. In view of its significance in biological chemistry, it 
is of great importance to determine the secondary ionisation constant 
of this acid. A list is given of the methods used aud the results obtained 
by other investigators. The present writer obtains a new value of K 2 , 
Vising the methods of sugar inversion and electrical conductivity. This 
value is in good accord with previous work, as is also the value of K x 
determined simultaneously. A. A. D. 

2875. Overvoltage in Electric Reactions. (Faraday Soc., Trans. 19. 
pp. 817-838, March. 1924.)—Discussion on various papers referred to in 
Abstracts 2309, 2623. 2631. 2632. 2635, 2630. 2639. 2641 and 2644 (1924). 
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2876. The Prevention of Case Hardening by Copper Plating. J. G. 
McCullough and O. M. Reiff. (Indust, and Engin. Chem. 16. pp. 611-613, 
June, 1024.)—Selective case-hardening has recently come into prominence 
through the development of the automobile industry. The various 
methods of restricting case-hardening to certain parts of the pieces 
depend upon exposing to carbon monoxide gas only those surfaces that 
are to be hardened, and so covering the other surfaces that the gas 
cannot reach them. Three methods of covering the surfaces to be 
protected are in use :— 

1. Covering with iron. This consists of so arranging the pieces that 
the surfaces to be protected are in contact, one protecting another, or 
by covering certain parts with thin plates or sleeves of iron that may be 
discarded later. 

2. Covering with a silicate cement or other non-metallic coating. Wood 
and McMullan have reported on the effectiveness of such coatings, and have 
found that sodium silicate mixed with finely ground asbestos or aluminium 
oxide is the best covering of this class. 

3. Covering with a coating of copper or other metal deposited elec- 
trolytically or by the Schoop spray. Copper plated from a cyanide bath 
has been found satisfactory under many conditions and is quite commonly 
used, but cannot always be relied upon, as it fails to prevent carburisation 
in some pieces, while it protects others that have been treated in exactly 
the same way. This method has been under investigation by McCullough 
and Pray, who have showed that copper may be depended upon to prevent 
carburisation if the copper-plating is free from holes, but that the 
condition of the plating is affected by several factors, and that it is not 
always easy to secure good deposits. It was shown also that slag and 
oxide impurities in the surface of the iron cause openings in the copper- 
plating through which the carburising gases may enter, and also that 
copper deposited at high current densities is likely to be too porous to 
afford good protection unless very thick deposits are used. 

The authors’ continuation of the study has supported these preliminary 
claims and has also shown that volatilisation of the copper may leave 
bare spots, especially where non-conducting impurities in the surface of 
the steel have been but thinly covered with copper. Their further 
investigation of the protective action of copper in case-hardening has 
led them to the following conclusions :— 

1 . Penetration occurs only through holes in the copper plate. 

2. Breaks in the copper are due to (a) non-conducting impurities 
that fail to plate over properly ; (6) high current density, giving a porous 
deposit, thus requiring a much thicker plating for complete protection, 
and ( c) vaporisation of copper, leaving bare spots, especially over non¬ 
conducting impurities, which are not so heavily covered as the pure iron. 

3 . The potassium ferricyanide test is a reliable indicator of the 
condition of the copper-plating on any sample, and will show which pieces 
to return for heavier plating, or even for cleaning and replating. 

J. B. C. b. 
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2877. The Limits of Accuracy in Physical Measurement. W. Block. 

(Zeits. Instrumentenk. 44. pp. 300-370, Aug., 1924.)—A concise summary 
of the limits of accuracy of measurement of physical quantities based 
on the fundamental units of time, length and mass. The measurement 
of length is referred to the standard international meter in terms of 
wave-length of light. Brief mention is made of the various methods of 
standardisation of physical units, and the limits of accuracy of each is 
stated. It is shown that almost theoretical accuracy can be obtained 
in the case of length and mass units. The paper furnishes a useful col¬ 
lection of details concerning limits of accuracy in physical measurement 
of standard units. S. G. B. 

2878. The Density of Iron and Other Refractory Metals in the Liquid 
State. C. Benedicks. (Comptes Kendus. 179. pp. 389-391. Aug. 18. 
1924.)—Two U-tubes. one containing mercury and the other made of 
some refractory material, arc connected so that two of their limbs arc 
filled with an inactive gas at a low pressure, and the other two with the 
same gas at a higher pressure ; and the differences of height of the 
mercury in the limbs of one U-tubc. and of the molten metal in those of 
the other, arc determined. In some cases refractory glass, or fused 
silica, can be used for the second U-tubc. and the ditlcrcncc in level can 
be determined optically'; in others the position of the meniscus can be 
found by means of tungsten rods, the expansion of which has been 
determined. For tin, using the first method, the density has been 
determined as j =: 6-95; at 320° ± 5° C. Arpi found 0-90; Day, 
Sosman and Hostetter 0-92. For lead s = 10-47 at 600° ± 5° C.; Arpi 
10*53; Day 10*477. For iron a U-tube was built up, using magnesia 
and bauxite with inner tubes of carbon ; this was heated by means of 
an alternating current. The tungsten rods were protected from solution 
in the iron by means of a thin layer formed of MgO, CSi and molasses ; 
at 1540° s = 0*92 ± 0*07. The value of Koberts-Austen and Wrightson, 
0 *88, is for cast iron containing 5 to 8 per cent, of foreign matter, and 
the temperature was probably not above 1200°. The iron was allowed 
to solidify in the tube with a definite difference of pressure, 27 • 80 mm. Hg ; 
the tube was destroyed, and the vertical distance between the two iron 
surfaces was measured (about 66 mm.). Allowing for contraction, at 
the temperature of solidification, about 1625°, s = 6*83. A certain 
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amount of cementation took place from the carbon - tubes ; the probable 
amount of carbon was from 0*20 to 0-25 per cent. H. N. A. 

2879. Weights and Measures. (Bureau of Standards, Dept, of Com¬ 
merce, Misc. Publ. No. 55. [153 pp.] 1924.)—Sixteenth annual conference 

of representatives from various states held 
-tVmimSL't at the Bureau of Standards, Washington, 
***' D.C.. May. 1923. 

2880. Density of Magnesium from 20° C. 
% jp to 700° C. J. D. Edwards and C.S. Taylor. 

W 1 (Am. Inst. Mining Eng.. Trans. 69. pp. 1070- 

1074 ; Disc., 1075, 1923.)—The density was 
measured at room-temperature by comparison 
of the weight in air and when immersed in 
distilled water, with the results (at 20° C.) 
% given in Table 1. When measuring the 

density of liquid magnesium use was made 
of a small graphite or steel crucible, as shown 
in the figure, the annular space being filled with molten tin to give 
a uniform temperature distribution. The apparatus was heated in an 
electric furnace and the temperature measured by a platinum, platinum- 
rhodium thermocouple. The results are given in Table 2. 


wm, 


Table 1 .—Density of Magnesium at 20° C. 


Purity of Test Pieces, 
per cent. Magnesium. 



Table 2. —Density of Magnesium from 20° C. to 700° C. 
(Purity of magnesium, 99*99 per cent.) 


Temperature, Degrees C. Density. Grammes per Millilitre. Kind of Densimeter Used. 



1-7388 
60 
1-565 
1-562 
[1-538?] 
[1-445?] 
[1-478?] 


Graphite 

Graphite 

Steel 

Graphite 

Graphite 

Graphite 


T. C. H. 
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2881. A Standard Barometer of New Design. T. H. Laby. (Jonrn. 
Sci. Instruments, 1. pp. 342-345, Aug., 1924.)—A standard barometer is 
described in which the distance between the mercury surfaces is measured 
by means of the equivalent of a 30-inch steel screw micrometer. To 
do this the upper end of the micrometer is sealed into the vacuum 
chamber of the barometer. The lower end is the divided head of 
the micrometer. A vacuum tube is attached to test the pressure in 
the vacuum chamber. The micrometer can be easily set on the mer¬ 
cury surfaces to 1/1000 of an inch, and standardized by a rod end-gauge 
to a few ten-thousandths of an inch. This design of standard barometer 
eliminates the cathetometer usually used with such instruments and the 
difficulties and errors of reading mercury surfaces enclosed in glass tubes. 

Autiiok. 

2882. A Manometer of High Sensitivity. L. Heis. (Phys. Zeits. 

26. pp. 326-330, July 1. 1924.)—The instrument is a diminutive form of 
Edelmann manometer provided with two pressure ducts which act upon 
two thin aluminium vanes, respectively, at each end of a small indicator. 
The vanes arc mounted at the two ends of a thin aluminium wire sus¬ 
pended horizontally at its centre so that the vanes and carrier rotate in 
the horizontal plane. The suspension is specially designed for sensitivity, 
and the deflections are recorded by the movement of a spot of light on 
a horizontal ground-glass scale, which is reflected from a small mirror 
attached to the vertical suspension wire. The scale is usually placed 
2 metres from the instrument. The vanes arc suitably protected ill an 
aluminium tube and the pressure blasts are directed at them through 
holes in a plate forming the end of the ducts. Particular care is taken 
to screen the instrument from external magnetic or thermal influences, 
and the elimination of electrostatic effects is eliminated by an all-metal 
construction of the apparatus. Pull details, diagrams and dimensions 
are given. The variety of work for which the instrument is suitable 
is enumerated, and a new method is developed both theoretically and 
practically for finding the susceptibility of gases. A general formula 
for such work is deduced and experimental results quoted. The sensi¬ 
tivity of the instrument is such that a deflection of 1 mm. on a scale 
placed 2 metres from the indicating mirror corresponds to a static pres¬ 
sure difference of 2-7 x 10“ 8 mm. of mercury. Various other detailed 
cases arc quoted. S. G. B. 

2883. A Constant Precision Manometer. A. F. Zahm. (Prank. 

Inst., J. 198. pp. 213-216, Aug., 1924.)—A liquid deferential pressure 
gauge in which the manometer tube is shaped to the equation of a 
tractrix, so that the displacement of the liquid meniscus along the bore 
at any point is in a constant ratio to the proportional change of pressure, 
is described. The application and calibration of the gauge for measuring 
wind velocities are briefly referred to. J. S. G. T. 

2884. Modern Pressure Meters, with Special Reference to the Recording 
Manometer. J. Wohlfarth. (Zeits. tcchn. Physik, 6. 9. pp. 301-368, 
1924.)—Describes the methods employed in the manufacture of the 
curved spring tubes (Bourdon tubes) made use of in commercial mano¬ 
meters and the method of calibration employed. An example is given 
which shows the advantage to be gained by employing a self-recording 
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manometer in connection with a boiler. Figures are given of self-record¬ 
ing instruments, in which the pen is caused to move in a straight line 
instead of the usual circular arc by means of suitable mechanism. H. N. A. 

2885. The Piston Motion of the Pressure Gauge. L. Holbom. 

(Ann. d. Physik, 75. 3. pp. 276-278, Sept., 1924. From the Reich- 
sanstalt).—In two recent papers (see Abstracts 5 and 1361 (1924)] 
A. Michels has examined the accuracy and sensitivity of a pressure 
gauge due to Schaffer and Budenberg. The present paper is a criticism 
of the findings of Michels with reference to previous work of the author 
[see Abstract 1007 (1923)]. A. E. G. 

2886. Coupled Cord Pendulums. C. H. Lees. (Phil. Mag. 48. 
pp. 129-141, July. 1924.)—The interest which has been aroused by 
oscillograph investigations of the electrical oscillations in the coupled 
circuits used in wireless telegraphy has led to a revival of the study of 
coupled dynamical systems in general, and new systems have been 
invented and their properties studied, either theoretically or experi¬ 
mentally, in order to facilitate the subsequent study of the properties 
of coupled electrical circuits. [Sec Barton and Browning (1917-1924); 
Plummer. Abstract 138 (1918); Jackson. Abstract 1932 (1921); Narayan. 
Abstracts 1232 and 1233 (1922).] 

These studies, though adding much to our knowledge of the conse¬ 
quences of dynamical coupling, have not always had the theoretical 
work given in a form which admits of the principal features of the 
oscillations being readily recognised. 

The present paper presents the theory of one of the simplest forms 
of coupled pendulums, and shows that, by neglecting the small damping 
that occurs, by using a symmetrical notation and dealing at first with 
inclinations rather than displacements, the work may be reduced to the 
determination of a certain length, whose addition to or subtraction from 
other lengths gives the altered effective pendulum lengths for the coupled 
vibrations, and thus enters into the expression of the periods and 
amplitudes of the component oscillations in question. 

By means of this length a graphical solution is given, so far as it is 
independent of the initial conditions of the oscillations. 

To illustrate the working of the graphical method four cases are 
taken, viz. masses and lengths each equal, masses equal but lengths 
unequal, lengths equal but mass unequal, both masses and lengths 
unequal. The original paper should be consulted for details for the 
analysis and the graphical method (which involves only two circles and 
three straight lines). ’* 

2887. Automatic Tdpler Pump. F. Porter. (Indust, and Engin. 
Chem. 16. pp. 731-732, July. 1924.)—This paper contains a brief descrip¬ 
tion of the essential features of a mercury pump, working automatically 
and continuously, which has been developed in connection with the 
work in the Cryogenic Research Laboratory, Bureau of Mines, Washington, 
P.C. In this work, particularly in analyses for helium, a vacuum pump 
is required which will evacuate the apparatus and deliver the gas into 
a collection tube. The Tdpler pump is more satisfactory than the 
Sprengel, but earlier developments of pumps of Tdpler type to work 
automatically and continuously have resulted in very complicated glass 
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apparatus requiring a skilled glass-blower to set up and maintain [see 
Abstract 1407 (1910)]. In the present apparatus the glass parts have 
been kept comparatively simple, electrical controls being used. M. A. G. 

2888. The Preparation and Silvering of Quartz Fibres. T. C. Keeley. 

(Journ. Sci. Instruments, 1. pp. 369-373. Sept., 1924.)—Several methods 
of preparation of quartz fibres are described and details given for 
rendering them conducting by kathode sputtering of any suitable metal. 
A few hints on manipulation and mounting are included. Author. 

2889. Torsion Seismometer. J. A. Anderson and H. O. Wood. 

(Optical Soc. of America. J. and Rev. Sci. Inst. 8. pp. 817-822, June, 
1924.)—An instrument depending on torsional control and possessing 
variable magnetic damping is described and its contents considered. 
It is about the size of an ordinary galvanometer, and is very portable 
and easy to construct. It was designed in the first place to study local 
shocks, but it has also been shown possible to construct an instrument 
an the same lines for the study of telcseismic motions, and can be made 
for horizontal or vertical components. A. R. 

2890. An Experimental Study of the Viscous Properties of Water- 

Vapour. C. J. Smith. (Roy. Soc., Proc. 106. pp. 83-96, July 1. 1924.) 
—The study of the viscous properties of water-vapour has received little 
attention in the past, and there is no record of any systematic attempt 
to obtain results over a large range of temperature. The principal 
difficulty when the range of temperature is such that the vapour will 
behave approximately as a perfect gas has been reduced by using the 
vapour at comparatively low pressures, so that considerable superheating 
may be obtained without the attainment of very high temperatures. 
Within the range used. 100°-200 c C.. the viscosity appears to be inde¬ 
pendent of pressure—a result only to be expected, according to the kinetic 
theory, in so far as the superheated vapour obeys the laws of a perfect 
gas. The method used involves the transpiration of the vapour through 
a capillary tube, and the objection to the method— viz. its dependence 
on the assumption that Boyle's law is applicable to the gas or vapour 
under investigation—appears to be met by the above result, making it 
possible to adopt this method in preference to those depending on damp¬ 
ing of oscillations, on account of the greater facility with which the 
variation of viscosity with temperature can be observed. Attempts 
were first made to use an apparatus constructed of fused quartz, thereby 
to cover a still larger range of temperature ; these, however, were unsuc¬ 
cessful. due to non-uniformity of capillaries and fragility of quartz tubes 
marked with scratched variations. The soda-glass which had to be 
used eventually caused the upper temperature limit to be fixed owing to 
the chemical action of water-vapour. The experimental details are 
given very fully, with diagrams, and the data obtained have been applied 
to estimate the size of the water molecule in the gaseous state. I'sing 
Chapman's formula, the mean area presented for collision by the water 
molecule in thermal agitation is A = 0-49 x I0“ 15 cm.*. A discussion 
is included in relation to the recent work on the corresponding magni¬ 
tudes for other gaseous hydrides. The range of temperature covered, by 
the observations is too small to provide adequate verification of 
Sutherland's law. H. H. Ho. 
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2891. Viscosity of Oils at High Temperatures. A. R. Fortsch and 
R. E. Wilson. (Inclust. and Engin. Chem. 16. pp.: 789-792, Aug., 
1924.)—Temperatures up to 250° F. were obtained by immersing a modi¬ 
fied type of Ostwald viscometer in an oil bath provided with close thermo¬ 
static regulation and with glass windows, so that the observations 
could be taken through the bath liquid. Beyonc\ 250° F, a special vapour 


bath was devised, as shown in the figure, the liquids used iof the vapour 
bath being as under :— 


Liquid. • Boiling-point • F. (tpprox.l. ' ’•* ’ 

• Xylene • . 280-287 .. . v. 

Aniline ■ 363-364.* ' 

• • * Naphthalene ‘ •• 424 

• . Diphcnol ether . •'*. • 496 • 

• I •?, . i ' ■*. . . | ;. l ,i,.* 

The data on the various oils are given in a comprehensive table, and 
arc also, plotted according to Hersc.hel's method, where log viscosity is 
plotted against log temperature (° F.). . . T-C. H. 

2892.’ Viscosities' of Somi Monovalent Salts of Higher . Fatly Acids til 
Organic Solvents. M. Prasad. (JV Phys. Chem. 28. pp‘ 636-643, June. 
loilJ^The values of the viscositie^ of solutions of Various concentra¬ 
tions of five different soaps in ethyl,' n-butyl, and isobifeyl alcohols are 
compared with the values calculated from Einstein's and Hatschek's 
formul*. In agreehient with the theoretical assumptions on which the 
first of these formuli is based, the observed values are more in accord 
with this fohnula for'low concentrations of the solute. In all cases 

the value of the constant .0 of the equation log ~ <- Q c , where c is the 

• . . . Vo . . rf; ll 

volumerfruction of the .?oIute per unit volume of the solvent, are. gre^t^r 
th^n the values ( found by Arrhenius, and, further, the value of. the. 
constant varies with the pasture of the solute and solvent. ^ „ // . 

... Ethyl,jalcOhol consists of highly asspeiated molecules which underi?.. 
dissq(^tion on dilution apd ( Horiba (Tokyo Chem. Soc^. 31... 922, *910) 

shoW thatr- for aqueous ’ ethyl alcohol. Solutions, -‘the quotient ' 

«> •* m ~ » iif .in i-w.i f \ 

decreases, as the concentration c increases. A similar obse£v$ftpa.was 
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made by Baker (Chem. Soc., J. 103. 1653, 1913) for solutions of nitro¬ 
cellulose in acetone. The results of the present investigation show. 


Vy 
Vo 

increases with increasing concentration. No alteration in the time of 
How was noted when the solutions were left for a week before measurement. 

If the values of the conductivity of the different soaps in ethyl and 
n-butyl alcohols are corrected for the viscosity, the curves connecting 


bbwever, that in almost all cases the Arrhenius constant, - • log 


V and are in all cases rectilinear. 


T. H. P. 



- i 2893. The Viscosities and Surface Tensions of the Soda-Lime-Silica 
Glasses at High Temperatures. Part I.— The Viscosity of Glass at High 
Temperatures. E. W. Washburn and G. R. Shelton. Part II.— 
Surface Tensions of Glasses at High Temperatures. E. W. Washburn 
and E. E. Libman. (Univ. of Illinois, Eng. Exp. Sta., Bull. No. 140. 
[71 pp.l, April 14. 1924.)— Part I .— The authors give a brief survey of 
previous investigations on this subject. .The method adopted by them 
was a modification of the rotating cylinder method originally used by 
Margules, in which the liquid under investigation is confined between 
two coaxial cylinders, one of which is rotated at a measured speed, and 
the force required to produce the rotation is measured. The apparatus 
was standardised by means of a series of glucose glasses, the higher 
viscosities being obtained by the addition of. pure dextrose. The 
viscosities of the standardising glasses were obtained by three methods— 
tho capillary-flow method, the falling-sphere method and the capillary, 
penetration method. Prom the calibration curve of the apparatus thus 
obtained the viscosity of any glass measured in the apparatus can be 
determined t independently of t any . knowledge of the theory of the 
apparatus, the method being substantially one of substitution. The 
viscosities of sixteen soda-limc-silira glasses covering the composi¬ 
tion area of commercial glasses of this type were measured over the 
temperature range of 800'' to 1.500* C. The viscosities ranged from 
0-05 to 200,000 poises. The results are presented in the form of a 
scries of isothermal projection diagrams, with the aid of which it is 
possible to ascertain the viscosity of any glass at any temperature within 
the range of compositions and temperatures studied.. Early? in the 
investigation a second brass apparatus .was constructed to test the applic¬ 
ability of - the theoretical equation fpr the rotating cylinder method 
when applied to liquids of high viscosity. The standardised glasses 
were used, and it \yas found that the equation is vajid in the case of the 
brass apparatus for viscosities up. to about tlirpe poises, but for higher 
viscosities the constant of the apparatus .jp a .function of the. viscosity. 
.It was also found that, r rogardless of t|»e viscosity of t|ie liquid employe*}, 
the rate of shearing is directly/proportional to the torque,- as,in required 
by, thp . theoretical equation, and that nope , qf the glasses. exhibited 
plastic flow, pfv.f w ••#/•/? ifr > wmIio. ... J . «. : 

. , Pari II .— In a preliminary investigation the authors.trlednawnriety 
of methods at room temperatures, and finally decided to adopt a modifica¬ 
tion of the .Dipping cylinder method ,to suit glass at high ternpecatures. 
•Xbe iipal apparatus consisted oi a; platinum resistance pot, furnace, in 
.wijcbr a .platjnuto cylinder (about. >2 qms, in apparent e?ae*iial. circ.uoi- 
i* reqpe)[ was. suspended on;* platinum wire (ton*,a JoUy„*pring. bulauwe, 
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the wire passing through the electrically heated cover of the furnace. 
By measuring the extension of this spring with a cathetometer, the sur¬ 
face tension of the glass can be calculated. For standardising, four 
viscous liquids ranging in viscosity from 10 to 4000 poises were prepared 
by dissolving rosin in benzyl benzoate. The surface tensions of these 
liquids were determined by the capillary-rise method, using glass 
capillaries and approaching the equilibrium from both directions. 

With this apparatus the surface tensions of fourteen glasses were 
measured at 1206* C. and 1454° C. The values obtained varied from 
128 to 167 dynes per cm. Surface Tension-Space models were con¬ 
structed, from which the surface tension of any glass within the range 
of compositions investigated may be obtained for each of these tem¬ 
peratures. The compositions investigated included all the commercial 
soda-lime-silica glasses. The temperature coefficient of the surface 
tension at the temperatures measured was found to be very small, varying 
between 0 02 and 0 04 per cent, per degree C. W. C. S. P. 

2894. Does the snip (Lubrication) Function fit the Facts ? A. E. 
Becker. (Indust, and Engin. Chem. 16. pp. 856-857, Aug., 1924.) — 
According to Barnard, Myers and Forrest (Indust, and Engin. Chem. 16. 
p. 347, 1924), identical values of the coefficient ol friction, /, are obtained 

for the same value of —, regardless of changes in the individual variables, 

P 

z being the viscosity of the oil at the temperature of the oil-film in a 
bearing, n the number of revolutions of the shaft per minute, and p the 
nominal pressure on the bearing in pounds per sq. inch. The author 
fails to find any basis for this statement, and in support of his argument 
quotes the results obtained by Tower with journals lubricated with lard, 
sperm, and rope oils (Inst. Mech. Engin., Proc. No. 4. p. 632, 1883). 

Further, the data of Barnard. Myers and Forrest would indicate 
that a glycerol-water solution should give as good lubrication in thA 
fluid film region as an animal, vegetable, or petroleum lubricant of the 
same viscosity, which is hardly in agreement with practical experience. 

T. H. P. 

2895. The Variation of Young's Modulus at High Temperatures. 

C. H. Lees, J. P. Andrews and L. S. Shave. (Phys. Soc., Proc. 36. 
pp. 405-416, Aug., 1924.)—The depression at the free loaded end of a 
cantilever 4 cm. long in an electric furnace is measured by a microscope. 
The temperature of the furnace is measured by a platinum resistance 
thermometer. For aluminium, nickel and platinum Young’s modulus 
is found to diminish slightly with increase of temperature up to an 
absolute temperature about half the absolute temperature of the melting- 
point of the material, then to decrease more rapidly and to tend to zero 
as the melting-point is approached. When the modulus begins to 
decrease more rapidly viscous flow of the material is first noticed. For 
fused quartz the modulus increases slowly with rise of temperature up to 
about 700° C. and then decreases. Authors. 

2896. The Principle of Virtual Velocities and its Application to the 
Theory of Elastic Structures. E. H. Lamb. (Inst. Civ. Eng. Selected 
Eng. Papers, NO. 10. [66 pp.], 1923.)—In the designing of “engineering 
structures a number of problems arise which cannot be solved by the 
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ordinary principles of statics alone, but for their solution require account 
to be taken of the elastic properties of the members. The object of this 
paper is to show how the principle of virtual velocities provides a simple 
means of developing Maxwell’s equations for framed structures, and 
that the method can be applied to the solution of a much more extensive 
class of problems than Maxwell contemplated, as well as to a simple 
proof of Castigliano's theorem of least strain-energy. One great 
advantage of the proposed method of treatment is that, while incidentally 
yielding the same equations as can be derived by the principle of least 
strain-energy, the theory can be established by very straightforward 
reasoning from first principles and without the necessity of considering 
the strain-energy. From the practical standpoint there is the advantage 
that less labour is entailed than in employing Castigliano's method, and 
the various stages in the progress of the work are less artificial, and can 
be conveniently tabulated and checked. § I gives an elementary account 
of the principle of virtual velocities and the theorems employed in the 
paper. § II deals with an extension to systems of particles. § III treats 
of examples relating to stresses in statically-dctcrminate frames. § IV 
considers deformations of framed structures by Maxwell’s method. 
§ V investigates frames with one redundant member, and § VI with 
several redundant members. In § VII the strain-energy and Castig¬ 
liano's principle arc examined. § VIII contains an extension of 
Maxwell’s method to problems involving flexure, torsion, etc. In § IX 
miscellaneous problems are treated by virtual work. The latter method 
suggests an interesting treatment of problems on continuous beams and 
metal arches, and this is contained in § X. Finally § XI includes some 
theorems relating to the strain-energy. The paper, which is entirely 
mathematical, is accompanied by twenty-two diagrams. H. H. Ho. 

2897. The Inapplicability of the Equipartition of Energy in a 

System comprising Vibrating or Itotaling Particles. G. Jaff6. (Ann. d. 
Physik, 74. 7. pp. 028-000, July. 1924.)—A system of free and elastic¬ 
ally bound atoms is considered, the time of vibration being small com¬ 
pared with that of impact, and it is shown that the energy of the 
vibrators tends to zero as the period tends to zero. Similarly for rotating 
and free particles, the period of rotation being small compared with the 
time of impact. W. G. B. 

2898. On the Collision of Spherical Bodies of Unequal Diameter and 

Densities at Very Low Velocities. D. B. Deodhaf. (Phil. Mag. 48. 
pp. 89-90, July, 1924.)—In all cases the coefficient of restitution is 
found to approach a limit 1 as the velocity of approach tends to zero. 
It is suggested that the energy “lost" in impact is really used in 
effecting slight surface molecular changes ; this accounts for the decrease 
of the “ loss " at low velocities. W. O. B. 

2899. Experiments on the Duration of Impacts. J. K. P. WagstafT. 
(Phil. Mag. 48. pp. 147-158. July, 1924.)—In a previous paper 
(Abstract 2001 (1924)} a formula was obtained for the duration of 
impact of rods with rounded ends, t = (Mr 2 /** 4- Bj/J^V"*" 1 . The form 
of the mathematical relationships which might produce such a formula 
is investigated. It is suggested that, for the intense stresses at impact, 
the stress strain relation is of the form stress = (strain)*, and a formula 
of the above type is deduced in which n =* (1 + /?)/(! — f}). 
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The effect of magnetisation is studied, one bar being-made of non- ’ 
magnetic steel. The duration of impact is found to be unaltered,'but 
on removing the magnetic field and taking a series of observations/‘one- 
here and there is found to be distinctly less than the average. It ft?' 
taken as indicating molecular rearrangement, the molecular Structure 
induced by magnetisation breaking down intermittently under the shock 
of impact. The effect of temperature is found to be practically 
negligible. “ W. G. B; 

2900. The Equation of Long Waves in Canals of Varying Section. 
N. Sen. (Phil. Mag. 48. pp. 65-78, July, 1924.)—An investigation of 
the various types of solution and methods of solving, from a standpoint 
mainly mathematical. • . • \y q g 


2901. Wan Po.ver Transmission. E. A. Barclay-Smith. (Phil. 

Mag. 48. pp. 97-109, July, 1924.) —The theory of the Constantinesco 
wave power transmission is obtained by elementary methods; arid 
exhibited by vector diagrams analogous to those in use in the treatment 
of alternating electric currents. '* ; *• ' ’ W. G. B. 

2902. Stability and Turbulence of Fluid Streams. W: Heisenberg. 

(Ann. d. Physik, 74. 7. pp. 577-627. July, 1924.)—Mathematical. ; It is 
shown that in discussing the stability of laminar motion the vjscouS 
terms must be taken into account in the disturbed motion, arid that 
Rayleigh's method of approximating to the velocity curve by a polygon 
cannot lead to the information sought. A discussion leads to very 
complicated formula*, and numerical computation indicates a limiting 
Reynolds number near 10 8 . The mathematical discussion of turbulent 
motion is not. easily abstracted.. • K . . . . W^.G. B. 


2903. The Ballistic Principle in the Propagation of Light and Several 
Keio Investigations of Rudolph Tomaschek. M. la Rosa. (Ann... d. 
Physik, 75. 2. pp. 195-200, Aug., 1924.' Accad. ’ Lincei, Atti, 33 v * >• 
pp. 471-474, June 15, 1924.)—Th<j author replies to the criticism .'of 
Tomaschek [Abstract 2207 (1924)J of the views put forward’in a previous 
paper published by him on the ballistic principle of light propagation 
[Abstract 1410 (1924)). It is reaffirmed that the ballistic theory must 
be regarded as based pn the facts of experiment and practical knowledge 
which embrace the, wholes ofthe x real truth of the case.; Tpmaschek> 
paperis criticised in , s -«Pv?' 

, . • • • ■. ... - *• • pill r ■ • Jfl ' Ot 1 

2904.. The Crystal. Structures of-the Bhoifibohedral fprpis of .Selenium 
and Tellurium. A. J. Pradley. (Phil. Aftkgv 48.. pp. 477 -: 496 ! ( Sept-, 
1924,)—The powder photograph method was used, the arrangements 
being the same as for arsenic (Abstract 1686 (1924)). The measure¬ 
ments are, 1 showil to indicate Chat the structure of the crysta&'coHstatutes 
a Sohncke trigonal point system >fo.?23 or Na. r 24.| -these are fight'iahd 
left ialternating: 3-point screw systems, one> being the mirror image'-*)* 
thtr.other. The observed ordef ot intensity, of. reflection inconsistent with 

a ; value of the parameter : 277-r fs .78?. *<:The same: twd .sysitfinsi acc'Jthe 

onlyi possible arrangements ior iellyrium •; here a. value oi 2rry oi -about 
96°' or • 9.7 °! .appears .-sprite satisfactory, :?/The f,total! .error. ’^-w/^reatrfr 
than in the casft of seieniunu>owing to'the.ipfebodty of;fthe. fibits. j;T1w 
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structure is explained with the help of diagrams. The atoms are arranged 
ii> threefold spirals around the trigonal axes ; every third atom occupies 
the same position if projected on a plane perpendicular to these axes. 
In selenium each spiral is isolated from its neighlwurs ; each atom is 
2*32 A. distant from two atoms in the same spiral, and 3 *49 A. from four 
in adjacent spirals. It is possible that for this reason crystals, will tend 
to grow more readily in the direction of the trigonal axes, thus account¬ 
ing for the needle crystals observed by Brown ; the production of 
lamellar crystals may be due to the same cause. If 2 tm — 120 the 
structure would be a simple rhombohedral lattice. The three inter¬ 
penetrating triangular lattices fit together to form a structure which is 
almost simple cubic, each atom being slightly displaced towards two of 
the six adjacent atoms, and in this respect Se and Te resemble the ele¬ 
ments of Group V. The paper includes photographs of models of the 
atomic structures of the two elements. The crystal structures of ele¬ 
ments of Groups IV, V and VI differ from group to group in virtue of 
the difference in negative valency, which regulates the direction of dis¬ 
placement from the simple cubic structure. In the same group the 
heaviest atoms are least shifted. •. . . H. N.. A. 

2905. An Experimental Investigation of the Lattice Structure of Certain 
Alloys. S. Holgersson a,nd E. Sedstrdm. (Ann. d. Physik. 75. 2. 
pp. 143-102. Aug.. 1924.)—The alloy series PdAu and IMCu have been 
examined by the Debye-Scherrer method. The first series has a facc- 
contrcd cubical lattice ; the variation of the lattice parameter with the 
atomic concentration is represented graphically by a curve which is 
convex towards the concentration axis. In the case of the PdCu alloys 
the existence of a compound PdCu is proved with 50 per cent, (atomic) 
of Pd. This has the same structure as CsCl. a = 2-983 x It) 8 cm. l or 
other concentrations the structure is face centred cubic, except in the 
immediate neighbourhood of the above chemical compouud. where thyre 
is a mixture of crystals \yjth both lattices. . . , .11. N. A. 

k 1 «ti * . a I | >• • . * | * » • • j 

2906., The Lalfice Structure ,of Rhombic Sulphur. H. Mark and 
E. Wigfier. (/.cits, pliyi. Chem. 111. pp. 398-414. Aug. 25. 1924.)—- 
Two finely developed natural crystals, one grown in CS^. and a large 
number small crystals of from 1 to 2 mm. were investigated in detail, 
using monochromatic ^X-rays from a copper antikathode (A == 1 -.54) 
instead of those from molybdenum employed by Bragg , (A == 0-712). 
Owing to the large dimensions of the lattice element .this produced a 
great improvement in the photographs of the interferences. The knifer 
edge method was employed, using the different natural planes of ..the 
crystals, and rotating crystal diagrams were ,also taken alxnit different 
axes. The crystals are rhombic bipyramidal, a = 10-01 A., b = 12-87 A., 
c. «= 24-5(1 A. ; space group V* 4 ; the elementary cell is facc-ccntred on 
all sides, "and contains 128 atonisn In this lattice groups of at most 
sixteen S atoms can be geometrically combined together. The centres 
of gra\dty of these groups form a rhombic diamond lattice. ' H. N. A. 
11« . •! -1 • i \. *o bn • 

. 2907. Tho Analysis of Crystal Strut lure by X-Rays. W. H. Bragg. 
(Engineering.. II8...pp. 3.49-350, Sept. o„ and. pp. 428-430, Sept.. If). 
1024. Abstract, of paper read before the British Assoc.,. Toronto, 1924- 
Science, 00, pp. 439-149, Aug- 15.'. l®24.)f-Explains, / with the .help 
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of diagrams for the C-> v , CJ., C» p . . . Cj, modes, how the 32 classes 
of crystals, with different external symmetry, can be divided into 
230 modes by means of definite shifts of four lattices, r„. T,',. Ty. T,',"; 
and how, in many cases, X-ray analysis gives information as to the mode. 
It is shown that, in the case of zincblende. it is possible, in spite of the 
polarity of the crystal, to determine the mode of arrangement of the atoms 
from X-rav measurements alone, though the X-rays cannot detect 
polarity directly. There are cases where the X-rays cannot decide 
between two modes, one of which can be derived from the other by the 
addition of a centre of symmetry, the existence of which, however, can 
generally be decided by other means. The unit cell of a crystal can be 
divided into 1, 2, 3, 4. 6. 8. 12. 24 or 48 " parts”; each is without sym¬ 
metry, but capable of'coincidence with any other part by a combination 
of reflections, rotations and shifts ; the division into modes refers to the 
arrangement of these parts. In benzoic acid each part is a molecule, 
four to the unit cell, some right-handed and some left-handed. The 
molecule may have symmetry and consist of two, three or more " parts,” 
as in FeS 2 . which has six parts; and in rock-salt each atom of Na and Cl, 
in its relations to its neighbours, has 48 parts. Rarely a part consists of 
more than one molecule; the part in thefumaric acid crystal contains three, 
perhaps six, molecules. Since the part has no symmetry, the molecules 
differ in some way from one another. The general results link up with 
ordinary chemistry, and the chemical molecule generally seems to take 
its place, as such, in the crystal, with every little damage. The X-rays 
do not tell directly the relative positions of the atoms in the unit cell; 
much has been learnt as to the relation between these positions and the 
relative intensities of the different orders of reflection by each plane. 
It is difficult to state the distance between one atom and another, but 
the atomic radius is a useful conception, especially when its dependence 
on the nature of combination is taken into account. The question of the 
mutual orientation of the bonds is also dealt with, with special reference 
to carbon. A number of interesting compounds are described, and 
the connections between structure and dielectric capacity, rigidity, com¬ 
pressibility, thermal and electric conductivity and magnetic constants 
all offer scope for much future work. H. N. A. 

2908. Brownian Motion of the Same Test Body at Different Gas 

Pressures. S. Landman. (Zeits. f. Physik, 27. 4. pp. 237-247, 1924.)— 
With lower pressures the Brownian motion, as expected, was in general 
livelier. If from the Brownian motion at atmospheric pressure the 
radius of the particle is calculated, it is found to agree with the 
Knudscn-Weber law of force. The mean value for Loschmidt's number 
is found as N * 6-03 X 10 23 . [See Abstract 153 (1915).] E. H. B. 

2909. Remarks on the Author's Publication: The Basis of the 
Quantum Theory. H. A. Senftleben. (Zeits. f. Physik, 28. 2. pp. 95- 
101, 1924.)—In the recently published Part 1 of this investigation [see 
Abstract 1688 (1924)) a certain amount of incompleteness was admitted 
and reserved for further examination. The latter is now based upon 
field equations for the charge-free vacuum in place of the usual equations 
of Lorentz, which strictly affords the field of uniformly moving charges 
only, while application to non-uniform motion is only possible to a certain 
degree of approximation. The model is then characterised by a number 
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of parameters—impulse, energy, rotation impulse—and leads to a funda¬ 
mental dynamic equation which stands in immediate relationship to the 
radiation. It follows that the system is spatially bounded by a finite 
closed surface, the conditions for which are evaluated. The paper is 
entirely mathematical. H. H. Ho. 

2910. The Atomic Structure of Two Inter metallic Compounds. E. A. 
Owen and G. D. Preston. (Phvs. Soc., Proc. 30. pp. 341-348. Aug.. 
1924.)—The two intermetallic compounds. Mg t Si and AlSb, have been 
examined by the X-ray spectrometer with the following results : 
Mg 2 Si.—A face-centred cubic lattice of silicon atoms of side 6-391 A. 
symmetrically intermeshed with a simple cubic lattice of magnesium 
atoms of side 3-19 A. There are eight magnesium atoms situated 
within each face-centred cube of silicon atoms, dividing the four cubic 
diagonals in the ratio 1:3 and 3:1. Density from X-ray data 
1-95 ± 0-05 gms./c.c. The magnesium atoms are separated by the same 
distance as in the pure metal. The sum of the " radii ” of silicon and 
magnesium atoms is equal to the distance between these atoms in the 
compound. AlSb.—A face-centred cubic lattice of antimony of side 
0 -126 A. intermeshed with an identical lattice of aluminium atoms, 
the corner of the latter dividing the cubic diagonal of the former in the 
ratio of 1 : 3. Density from X-ray data 4-23 ± 0-04 gms./c.c. The 
molecular volume of the compound is greater than the sum of the atomic 
volumes of its constituents. The increase in volume observed by the 
method of X-ray analysis agrees with that obtained by other methods 
of measurement. The volume of the lattice on which the antimony 
atoms are arranged is 4 per cent, less than the volume of the face-centred 
rhomb found in pure antimony. The molecular volume of the com¬ 
pound is accordingly 4 per cent, less than twice the atomic volume of 
antimony. The closest distance of approach of aluminium and antimony 
atoms is 2-66 A., which is less than the sum of their ** radii " as deter¬ 
mined from the pure metals. Authors. 

2911. Structure of Calcium. H. Collins. (Chcm. News. 129. pp. 90- 

97, Aug. 15, 1924.)—The atom of calcium is considered to be formed cither 
by the union of one of potassium and one of hydrogen, or. what is equivalent 
to this, by the union of an atom of silicon and one of carbon. Support 
for this conclusion is deduced from the specific gravities of a number of 
calcium compounds. T. H. P. 

2912. Structure of Cobalt. H. Collins. (Chcm. News. 129. pp. 107- 

108, Aug. 22. 1924.)—Experimental data arc quoted in support of the view 
that the atom of cobalt is composed of one of aluminium united to one of 
sulphur. T. H. P. 

2913. Structure of Copper. H. Collins. (Chem. News, 129. pp. 157- 

158, Sept. 12, 1924.)—Since Cu acts sometimes like the monad Na and 
at other times like the diad Ca. the constitution Na Ca, previously obtained 
for it, is particularly suitable. That such constitution is correct is shown 
by the facts that (1) four of the five combining volumes may be split 
up into parts in accordance with the law of relative volume ; (2) three 
.of the combining volumes are supported by the law of heat of formation 
and give the same original volume for the element. T. H. P. 
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2914. Distribution of Atoms in Mixed Crystals . G. Tammann. (Ann. 

d. Physik. 75. 2. pp, 212-216. Aug.,: 1924.)—According to Borclius 
(Abstract 2356 (1924)], no foundation exists for the interpretation of the 
limits of chemical action on the assumption of a definite distribution of 
the atoms. The author discusses the arguments for and against the normal 
atomic distribution with mixed crystals. - T. H. P. 

2915. Crystal Structure of Oxalic Acid. H. Hoffmann and H. Mark. 
(Zeits. phys. Chem. 111. pp. 321-356. Aug. 25. 1924.)—By means of the 
method previously described [Abstract 1753 (1923)1 it is found that anhy¬ 
drous oxalic acid crystallises in rhombic bipyramids of the space group 
vj, 3 , the dimensions of the elementary cell being a = 6*46 A., b *= 7 *79 A., 
and c = 6 02 A. The cell contains four molecules (C0 2 H) 2 , and no connec¬ 
tion between these molecules within the lattice is detectable. A second 
anhydrous modification of the acid also exists, the symmetry in this case 
being at the highest monoclinic. The hydrated acid forms monoclinic 
prismatic crystals of the space group Cj*-having a = 6- 05 A., b — 3-57 A., 
and c — 11 *9 A.; the elementary cell contains two molecules (CO,H) 2 2H 2 0. 

T. H. P. 


2916. Relation betweeti the Acetaldehyde Molecules in the Space Lattices 
of Acetaldehyde-Ammonia and Metucetaldehyde. O. Hassel and H. Mark. 
(Zeits. phys. Chem. 111. pp. 357-384, Aug. 25, 1924.)—Acetaldehyde- 
ammonia crystallises in ditrigonal scalenohcdra of the space group D£< I 
r 8 17 A., a = 84° 50'. The primitive elementary cell contains six 
molecules of acetaldehyde-ammonia arranged geometrically so that the 
aldehyde groups of the separate chemical molecules arc adjacent, the 
tendency ot these groups to polymerise being apparently detectable even 
in the crystal lattice. 

Metacetaldchyde forms tetragonal crystals of one of the two pyramidal 
classes of the space group Cj or C?,; a = 10-34, c *= 4*10. The ele¬ 
mentary cell is space-centred and contains eight acetaldehyde molecules. 
Of these not more than four form the crystal molecule, the polymeride 
being thus not more complex than tetTameric. T. H. P. 

2917. The Structure of the Isomorphous Compounds (NH 4 ) 3 ZrF 7 and 
(NH 4 ) 3 HfF 7 . O. Hassel and H. Mark. -.(Zeits. f. Physik. 27. 2. pp. 89- 
100, 1924.)—The results obtained by the authors confirm Werner’s theory 
of coordination, the essential of which is that in the crystal lattice the 
spheres of coordination are continued outwards. Each Pt atom in the 
lattice of K 2 PtCl 6 , for example, is surrounded in the first sphere by six 
Cl atoms in octahedral union, and then in a second sphere by eight K 
ions. Most of the complex compounds investigated belong to this type, 
and the two substances now dealt with have been chosen as belonging 
to a new type. Both salts crystallise in the cubical system like K 3 ZrF 7 , 
and the most usual form is an octahedron. Rotation diagrams were taken 
about [100], [110J and (111}. The edge of the cubical elementary body 
of (NH 4 ) 3 ZrF 7 is a = 9-353 A.; the cell is simply primitive and contains 
four molecules ; the same is true of the hafnium compound, a = 9 -400 A. 
The following arrangement enables a satisfactory agreement to be obtained 
between the observed and calculated intensities : 4Zr(Hf) atoms with 
D 34 , 4F atoms with D&, 12 N atoms with C** 24 F atoms with C$. A 
figure in the original paper shows the arrangement. The elementary cube 
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has a smaller cube centrally inside it. and complex ZrF 6 or HfF c ions are 
Situated at alternate corners of the smaller cube, the other alternate 
corners being occupied by F ions. Each of the complex ions ZrF 6 consists 
of a zirconium ion surrounded by an octahedron, with six F ions of one 
kind distant 1 * 77 from the Zr and 2-5 A. from each other; they form 
the first coordination sphere. Around each of the complex ions are six 
NH 4 groups, whose distances from the centre of the complex ion are 
3 -52 A.. and which are 2 -71 A. from the nearest F ion of the complex ion. 
Three of the six NH 4 groups He on the edges ot the larger cube, equi¬ 
distant from one of its corners. The six can be regarded as the second 
coordination sphere, and bring about the union with the lattice of the 
F ions of the second kind, about which they group in exactly the same 
way as about the ZrF e ions. Finally, six F ions of the second kind form 
a third sphere about the selected Zr ion. with a distance 4-GO A. 

H. N. A. 


2918. Isotopes of Mercury and the Structure of the Green Line. R. 
Brunotti. (N. Cimcnto. 1. pp. 185-207. July-Aug.-Sept.. 1924.)—The 
components of the green mercury radiation from mercury vapour lamps 
have been photographed, using an echelon grating. The results of the 
measurements are compared with those of Janicki and Nagaoka. It is 
concluded that the absorption which occurs in the central component is 
not symmetrical and is sensitive to the conditions in the source. By 
adopting a constant error in the determination of the central component 
by Janicki and Nagaoka. their results are brought completely into line 
with the author's. 

From Bohr's theory it is easy to calculate the change in wave-length 
to be expected for an isotope of slightly different mass. In the case of 
lead the change of wave-length calculated is about 80 times smaller than 
that observed. Assuming this factor. 80. to apply in the case of the green 
mercury line also, it is easy to calculate the masses of the isotopes to 
which the components of the line arc due. There is good agreement with 
the hypothesis that isotopes of masses 107, 200. 202, and 204 arc present, 
while both the author and Janicki and Nagaoka find a component which is 
in the mean position of the components due to masses 108 and 100. The 
relative proportions of the isotopes present are doubtful, those deduced 
from these experiments not agreeing with Aston’s figures. A. Wh. 

2919. The Complexity of the Elements. Part 1/. Elements of Even 
Atomic Number. A. S. Russell. (Phil. Mag. 48. pp. 3G5-378. Sept., 
1024.)—The complexity of the elements of even atomic number is in¬ 
vestigated on lines similar to those employed in Part 1 of this communica¬ 
tion |see Abstract 2363 (1024)]. Even elements may be divided into four 
groups: (1) Simple elements with one mass number; (2) complex 
elements without odd isotopes, having two or three mass numbers ; 

(3) complex elements with one odd isotope, having five mass numbers ; 

(4) complex elements with two odd isotopes, having seven mass numbers. 

These considerations, applying to the range from selenium to lead, are 

developed by assuming that the complexity is a periodic function of 
period 1G and by employing various empirical relationships existing for 
radio-active isotopes and ordinary elements. General rulcssimilar to Fajan’s 
rules, but wider in scope, are found to be applicable over the rangestudied. 
The masses of isotopes, in the order of their importance in the elements, arc 
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predicted for elements which have yet to be submitted to positive-ray 
examination. p W. C 

2920. The Dielectric in the Light of the Nea> Theory of the Atom. G. 

Jacoby. (Elekt. Zeits. 45. pp. 977-981. Sept. 11. 1924. Paper read 
before the Elektrot. Verein, Dresden. Dec.. 1923.)—Gives a sketch of the 
Bohr theory of the atom, and shows its relation to chemical valency and 
combination and to the problem of electric conduction which take place 
in substances the atoms of which have a tendency to give up electrons, 
which then move under the influence of an electric field. With electro¬ 
negative elements, on the other hand, the atoms of which have no such 
tendency, the electronic orbits are distorted by an electric field, so that 
the mean position of the electron with respect to the nucleus is shifted in 
the direction opposed to the field ; it is shown that this shift is very small, 
but the result is as il each atom has two opposite electrical poles and is 
thus polarised. Taking this into account, the value A = 5rj}«N/4Z for 
the dielectric constant is arrived at. where r Q is the radius of the electronic 
orbit, if the number of electrons in the outside layer of the atom, N the 
numbci of atoms in a cubic centimetre, and Z the atomic number of the 
element concerned. It is shown that the electrons of the inner layers can 
be neglected, as their shift is very minute, owing to the enormous held 
in which they move. The outer electrons are to be regarded as the polarisa¬ 
tion electrons in non-conductors, besides being concerned in luminous 
radiation and in chemical union ; in conductors they can become con¬ 
duction electrons. In the case of molecules, the values of h for the atoms 
are to be added. With pure water, however, it is necessary to assume the 
existence of two different kinds of molecule, with nearly equal numbers 
of each, if the dielectric constant, 80. is to be obtained in this way. Appar¬ 
ently one kind of molecule is regarded as very slightly conducting, while 
the other is an insulator, and the dielectric constant is calculated from the 
number of those of the second kind. It is shown that the theory includes 
Maxwell’s idea of a current, or electric displacement, in the dielectric 
when introduced into a field. A semi-conductor or semi-insulator is 
supposed to contain electropositive atoms, which give off conduction 
electrons, as well as electronegative atoms, which have polarisation electrons 
and give the substance the properties of a dielectric. H. N. A. 

2921. Relationship betoken Atomic Numbers of Allied Elements. J. C. 

Thompson. (Chem. News, 129. pp. 123-125, Aug. 20, 1924.)—An arith¬ 
metical interpretation of the Wedge Periodic Table (a modern form of 
Mendclceff’s Periodic Law) is developed on the lines of the Rydberg series 
equation for atomic numbers, special adaptations being indicated which 
are necessary to render it compatible with groups of elements known to 
be allied, but which will not give a Rydberg equation. A. B. C. L. 

2922. The Michelson-Morley Experiment. E. Brylinski. (Comptes 

Rendus, 179. pp. 495-497, Sept. 8. 1924.)—M. le Besnerais has communi¬ 
cated to the author a correction according to which the author’s explana¬ 
tion of Miller’s data becomes invalid, and the displacement of fringes does 
not (to the second power of f$) depend upon their breadth. He has also 
shown that Miller’s results can be explained by the instrument being put 
out of adjustment by a rotation from the one position to the other. . (See 
Abstracts 430, 765, 1398 (1924).] . . i . A. D. 
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2923. The Selection Principle. C. N. Wall. (Phil. Mag. 48. pp. 378- 

383, Sept., 1924.)—The selection principle which states that the azimuthal 
quantum number can change at most by unity in any interorbital transi¬ 
tion is due to Rubinowicz. Bohr has obtained a restricted selection 
principle which excludes a zero change in angular momentum. But its 
rigorous development involves somewhat complex analysis, and the author 
in this paper shows that it may be derived in a comparatively simple 
manner, although not very rigorously, by aid of the Stokes-Thomson pulse 
theory. G W - 1 • 

2924. Second Memoir on the Determination of the Curvature Invariant 
of Space-Time. L. Silberstein. (Phil. Mag. 48. pp. 619-628. Oct.. 
1924.) See also Abstract 2203 (1924). 

2925. On Absorption and Dispersion in Bohr's Quantum Theory. R. 

Becker. (Zeits. f. Physik. 27. 3. pp. 173-188. 1924.)—In accord with the 
new development of the quantum theory bv Bohr. Kramers and Slater, 
the present investigation relates to the reaction between a quantum atom 
and an incident light wave from the standpoint of the resulting spherical 
wave. A continuity is thereby obtained between the phenomena of 
dispersion and absorption of the same kind as that rendered by the 
classical theory with the aid of elastically bound electrons. In particular 
it was found possible to derive in this way the dispersion equations of 
Ladenburg (sec Abstract 1985 (1921)1 and Kramers, although their 
validity was restricted to lines whose width is great in comparison with 
that conditioned by the classical damped radiation. The paper is entirely 
mathematical. H ’ H< Ho ’ 

2926. Relativity and the Measurement of a Moving Rod by a Tired 
Observer. A. Lamps. (Zeits. f. Physik. 27. 2. pp. 138-148. 1924 )--lhe 
length / of a moving rod. measured in a system which is at rest, is defined 
by Einstein as the result of observations by an observer in the resting 
system, by means of synchronous non-moving clocks, of the points in Ins 
system occupied by the ends of the rod at a definite time t ; nothing is 
said, however, as to the appearance of the moving rod as seen by the non- 
moving observer; and the author has worked out an equation by means 
of which the length /of the moving rod for the fixed observer can be deter¬ 
mined, if its velocity is known, by means of measurements of two angles 
and a base length in a similar manner to that in which the length of a non¬ 
moving rod can be determined when it is not possible to apply a measuring 
rod. The results obtained in the case considered are given in the table 
below:— 

v/c _ 0 0 1 0 4 0 8 0-9 0-999 1 

/ .... 3 2-985 2-749 18 1-307 0-134 0 

H. N. A. 

2927. An Exposition of Einstein’s Restricted Relativity Theory. F. 
Dacos. (Assoc. Ing. El. Liege. Bull. 2. S6r. 7. pp. 163-175. May. and 
pp. 244-260. July. 1924.)—This is a clear and simple exposition, based upon 
Einstein's Relativity Principle. 1906 ; Minkowski’s Space and Time, 1905 ; 
N. Campbell’s Modern Electric Theory. 1919; Eddington’s Space. Time 
and Gravitation. 1921 ; Weyl's Space. Time. Matter. 1922; Becqucrel's 

vol. xxvii.— a.—1024. 4A 



1050 


SCIENCE ABSTRACTS. 


Elementary Exposition of Einstein’s Theory. 1922 ; Einstein’s Theory of 
Relativity, 1922 ; Langevin's Principle of Relativity, 1922. G. W. de T. 


2928. Aberration of Light in Terms of the Theory of Relativity as illus¬ 
trated on a Cone and a Pyramid. V. Karapetoff. (Optical Soc. of 
America, J. and Rev. Sci. Inst. 9. pp. 223-236, Sept., 1924. Paper read 
before the Am. Phys. Soc., Washington, April, 1924.)—It is shown that 
it is possible to represent the path of a point moving with the velocity 
of light by means of a three-dimensional construction in Euclidean space, 
employing oblique coordinates with time as the third dimension. Thus, 
if a ray of light be propagated in the XY-plane and the angle between the 
path and the X-axis be determined by two observers, S and S', who are in 
relative motion along the X-axis with a velocity q (expressed as a fraction 
of the velocity of light), it is shown that if the respective measured angles 
be 8 and 8', then tan (8/2)/tan (5 '/2) cos (tt/4 4- a/2)/cos(7r/4 — a/2), 
in which sin a = q. This relation is interpreted geometrically by means 
of a cone in oblique X, Y, T coordinates. The T and X-axes are different 
for the respective observers, and the four axes, T, X, T', X , form a 
Lorentzian plane to which the Y-axis is perpendicular. The properties 
of the cone and the construction of a mechanical model are described. It 
is also shown that the relation between 8. 8' and a can be represented on a 
pyramid. [See also Abstract 2130 (1924).] J. S. G. T. 


2929. The Non-Metric Tensor Calculus. A. Buhl. (Comptcs Rcndus, 
178. pp. 1618-1519. May 5. and pp. 1801-1802. May 20. 1924.)—The author 
outlines very briefly the nature of his argument that, according to the non- 
metric tensor calculus, electromagnetism should not, as in the schemes 
proposed by Weyl and by Eddington, follow after gravitation, but should 
precede it. Electricity is more fundamental than matter, and it is as 
a consequence of the Euclidean electromagnetic equations that it becomes 
possible to derive from one and the same matrix both the metric formu 


and those of generalised gravitation. 


G. YY. de T. 


METEOROLOGY AND GEO-PHYSICS. 

2930. The Book of Normals of Meteorological Elements for the 
Isles. (Metcorolog. Office. Air Ministry. M.O. 236. Sect. 5. pp. 223-290, 
1924.) 

2931. ' Distribution of Iron in Meteorites and in the Earth. L. H. Adams 
and H. S. Washington. (W'ashington Acad. Sci., J. 14. pp. 333-340, 
Aug. 19, 1924.)—It is now generally agreed that the earth consists of an 
iron core surrounded by.silicate rock. The principal reason for assuming 
the dense material in the interior to be mainly metallic iron is the analogy 
with meteorites. It has been suggested that a zone of mixed metallic 
iron and silicate rock, called pallasite, lies between the iron core and the 
silicate shell. This zone is supposed to be granitic near the surface and 
of basic (peridotitic) 'character below. Its existence is indicated by. the 
manner in which earthquake velocity varies with depth. The velocity' 
increases rectilinearly with the depth to about 1600 km. below the surface; 
therriaftef itf is almost constant for* another 1400 km. Laboratory 
measurements/show that velocity increases with pressure and hence 
Avith 'depth ;• also* the velocity is much less in metallic iron than in basic 
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silicate rock. Hence in the pallasite zone the increase due to depth is 
offset by the increased admixture of iron. Meteorites are classified into 
three main groups—siderites. almost wholly nickel-iron ; siderolites, about 
equally composed of nickel-iron and silicates ; and aerolites, almost all 
silicates. From the consideration that meteorites are fragments repre¬ 
senting different parts of a whole, the earth Is conceived as a body of 
composition which varies from nickel-iron at the centre to silicate rock 
at the surface. [See also Abstract 1341 (1923).] G. E. A. 

2932. The Rainfall Equation. K. Fischer. (Metcrolog. Zcits. 41. 

pp. 244-246, Aug., 1924.)—The fundamental equation (Rainfall = Run¬ 
off + Evaporation + Percolation) receives brief discussion, and modifica¬ 
tions are suggested with regard to its interpretation in different climatic 
regions. W. A. R. 

2933. The Automatic .Measurement of Atmospheric Pollution. J. S. 
Owens. (Nature, 114. pp. 330-382. Aug. 30. 1924. Substance of paper 
read before British Assoc., Toronto. 1924.)—The atmospheric pollution 
has been measured for different cities with automatic recorders ; from 
the results the mean diurnal variations in the amount of impurity present 
have been obtained for days of relatively high and low impurities 
respectively. London, Glasgow, and Rochdale show a minimum impurity 
in the early morning and a maximum between 9 and 10 a.m., with a 
secondary maximum occurring at about 4 p.m. Several peculiarities 
are shown in the curves for Blackburn and Stoke-on-Trent, which may 
possibly be attributed to local industrial conditions. Results obtained 
with the automatic recorder have been compared with those given by the 
dust counter ; it is concluded that the results given by the former are 
trustworthy for comparative purposes when dealing with black particles. 

A. W. L. 

2934. A Simple Arrangement for Observation of the Optical Trouble of 

l/ui A tmo*phi-re*—A pphcalioit 'to the Estimation of the De/mitiou of Images 
given by the Instruments. C. Qallissot. (Comptcs Rcndus, 179. pp. 4f>9~ 
-461, Sept. 1, 1024.)—After a brief description ot the experimental arrange¬ 
ments, the observation of the optical troubles and the stale of the atmo¬ 
sphere and undulation of the images is dealt with. In the latitude of Lyon 
the images nro in the mean better in winter than in summer. The 
observations show that the period extending from the end of September 
to April is a period of regular and stable regime in opposition to the 
period spring-summer. The maximum altitude of the series appears, by 
systematic observation of the scintillation, to occur at two epochs of the 
year, February-March an<l Scplcmbcr-Octobcr. These facts arc in accord 
with the annual variations observed by Bigourdan. [See Abstract 1009 
(1916).)* / : « • . ' A. K. G. 

2935. The 11 -Year Sunspot Period and Temperature Variations in the 
Northern Hemisphere; Their Seasonal and J.ocai Peculiarities. B. Droste. 
(Meleorolog. Zcits. 41. pp. 261-26H, Sept.. 1924.)—The researches of 
lialm. Abbot and others, and especially the work of Kdppcn and Mielkc, 
indicated tliat there is an 11-year period in the average annual tempera; 
turos of terrestrial climates corresponding with the 11 -ycar sunspot cycle, 
and that temperature maxima coincide with sunspot minima. In certain 
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regions of our northern hemisphere diversity was found, but this could 
he eliminated by classing many regions together in zones or taking the 
annual averages for the whole earth. 

Mecking, on the other hand, pointed out in 1918 (Ann. d. Hydrogr. u. 
Marit. Met. pp. 1-19, 1918) that local and also seasonal differences were 
to be expected ; and his investigations showed that it is the winter varia¬ 
tions of temperature which follow most closely the sunspot cycle, especially 
those of midwinter in Northern America and those of late winter and 
spring in Northern Europe. The North American temperatures show 
the " positive period-effect ” (temperature maximum agreeing with sunspot 
minimum), but in North Europe and the Gulf Stream region as far as 
Spitzbergen, and in the Behring Sea, the effect is negative (temperature 
maximum agreeing with sunspot maximum). 

The present paper is a continuation of Mecking's work. His methods 
are used and the extra-tropical regions of the northern hemisphere not 
dealt with by him are included. The deviations of temperature from the 
normal are shown in tables, the various stations being grouped according 
to latitude and to longitude, first those of America and then those of 
Europe, North Asia, and the Mediterranean region, including the Azores. 
A map is given showing the regions of positive and negative period-effect. 
The conclusion reached is that the 11-year period is confirmed throughout, 
the temperature variations corresponding with sunspot maxima and minima 
most regularly and strikingly in winter, while in summer and in the yearly 
averages the correspondence is much less marked. The period-effect is 
usually positive, and the centres of regions in which it is negative are near 
Hildcbrandsson’s " centres of action of the atmosphere." The effect 
increases universally with higher latitude and with more continental 
conditions. In the regions of negative effect the values are always small. 
These results of local variation are not therefore in contradiction with the 
general statement of Koppen that the mean temperature of the whole of 
the earth’s surface varies inversely with the sunspot cycle. M. A. E. 

2936. The German Tide Predictor. .H. Rauschelbach. (Zcits. 
Instrumentenk. 44. pp. 285-303. July. 1924.)—A short history of tide 
prediction is given, with references to the work of Laplace, Kelvin, and 
Darwin, and the United States survey. The causes of tides are stated 
and the terms to be considered are given. The additional necessity for 
predicting the depth of water at any tidal port, as well as the times of 
high and low tide, for use in war-time and in case of threatened attack 
by submarines, is pointed out. Greater attention has been paid to the 
subject by all maritime countries. 

A detailed illustrated description is given of the German machine 
for the observatory at Wilhelmshaven, made between the years 1915 
and 1919. Preliminary descriptions appeared in the March number of 
" Annalen der Hydrographic” (1921) and in " Archivs der Deutschen 
Seewarte." Four illustrations are given of the gear showing the elliptical 
plates carrying twenty scales. The machine is a large one, 187 X 240 
X 110 cms., with time scales showing 12 hours, and the tide scales of 
20 or 10 mm. to 1 metre of water. Special provision has been made for 
taking up wear, and a device is used to give accurate heights of tides 
when less than 3 metres. A year's tides can be shown for any one har¬ 
bour on a paper strip 60 cms. in width and 21,000 cms. length, giving 
a travel of 24 mm. for each hour, special metal-tipped glass tubes being 
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used for the recording pens. It is claimed that this machine takes into 
account six factors instead of only four, as in previous instruments, a 
table of twenty terms and the corresponding daily advance being given 
to seven decimal places. By this means much greater accuracy is obtained. 
The maximum capacity of the machine, given the requisite number of 
observers, is a detailed prediction of times and heights of tides for 800 
to 900 harbours in a year's working. The machine is motor-driven, and 
an expert observer can enter some 1400 tides for a year in 12 to 15 hours, 
including setting the machine ; this would take an experienced calculator 
months of work. W * C * S ' T> - 

2937. Shore Waves. H. Jeffreys. (Phil. Mag. 48. pp. 44-48. 

July, 1924.)—An analysis of the conditions inshore shows that the pro¬ 
duction of waves with very long crests approximately parallel to the shore 
is a second-degree effect, due to the height of the waves becoming com¬ 
parable with the depth of the water. W * A - R 

2938. Dispersion and Extinction of Seismic Surface Waves and the 

Structure of the Uppermost Earth Strata. B. Gutenberg. (Phys. Zeits. 25. 
pp. 377-381. Aug. 1. 1924.)—From two previous investigations it could 
be shown [see Abstract 781 (1924)) that the surface waves of earthquakes 
spread out with varying rapidity at different parts of the caith’s surface, 
and that normal dispersion prevails, i.e. long waves travel (pucker than 
short. For further evidence the author has studied reliable data wherever 
obtainable, and the present paper contains a preliminary account with 
statistics of the deductions obtained. In Europe. Asia. America. Atlantic 
and Arctic regions layers of about 55-00. 50. 25. and 25 km. thickness 
respectively lie over other material, and these arc somewhat denser and 
considerably more wrinkled. In the Pacific the latter is dense up to the 
surface, and its boundaries produce reflection and refraction of surface 
waves which weaken them rapidly. The results found arc in excellent 
agreement with the theory of isostasy. The paper also contains a survey 
of the density relationships in the earth's crust on the assumption that 
below a depth of 60 km. no variations obtain. 11. S. Washington's work 
is briefly referred to in this connection. If. H. Mo. 

2939. Heat Escape from Earth's Surface. J. R. Cotter. (Phil. Mag. 

48. pp. 458-464. Sept., 1924.)—The attempt is here made to determine 
mathematically the rate of sinking of a given gcotherin after one of the 
periods of thermal revolution outlined in Jolv's radio-active theory of 
mountain building. (Abstract 226 (1924).) W. A. R. 

ASTRO-PHYSICS. 

2940. Pressure and Circulation in the Reversing-Layer of the Sun's 
Atmosphere. C. E. St. John and H. D. Babcock. (Mt. Wilson Observat., 
Contril). No. 278. Astrophys. J. 60. pp. 32-42, July. 1024.)— New values 
of over two hundred solar wave-lengths measured at Mt. Wilson by 
two independent methods, the arc wave-lengths adopted by the Inter¬ 
national Union and unpublished data on pressure displacements thought 
to be practically free from pole effect, furnish a basis for a determination 
of the pressure in the solar reversing-layer. The pressure in atmospheres 
= (AA 2 — AA,) -t (c a — Cj) where the c's arc pressure coefficients and the 

VOL. xxvil.—A.—1924. 



1054 


SCIENCE ABSTRACTS. 


AA’s are differences in wave-length between the sun and the vacuum arc. 
A suitable choice of lines eliminated effects dependent on level in the sun's 
atmosphere, on motion in the line of sight, and on relativity. A pressure 
of 0-13 ± 0-0(5 atmospheres was found for the lower few hundred kilo¬ 
metres of the reversing-laver. Heights, behaviour in the vicinity of spots, 
vertical convection, rotation, pressure, and data derived from flash spectra 
are discussed and correlated in a suggested scheme of the sun’s atmosphere. 

Authors. 

2941. The Sun's Motion and the Mean Parallaxes of Stars of Different 
Apparent Magnitudes. F. H. Seares. (Mt. Wilson Observat., Contrib. 
No. 281. Astrophys. J. GO. pp. 50-59,. July. 1924.)—The mean parallaxes 
of stars of different apparent magnitudes calculated from parallactic 
motions with a constant solar speed do not agree with those derived from 
the luminosity and density functions. Although the quadratic exponen¬ 
tials used to represent the distribution of luminosity and density are 
subject to serious limitations, the mean parallaxes computed with their 
aid appear to be reliable within a small percentage to the seventh apparent 
magnitude. The inference is that the solar speed varies with the brightness 
of the reference stars, and a comparison of the two series of results indicates 
the relation 

v 0 a 12-9 + 1-21 IM (m is 1 to 7) .(18) 

or 

V Q =19 -4 + 2 -8 M (M = — 1 • 9 to + 0 - 7) .. (16) 

The second formula is in close agreement with the results of Strdmberg's 
investigation in Abstract 401 (1923) which gave V„ = 18-8 km./sec. for 
800 giants, and V Q = 31-7_ for 415 dwarfs. Equation (16) therefore 
appears to hold to at least M ** -f 4 ■ 6, the mean absolute magnitude of 
Stromberg’s group of dwarfs. The lower limit of m in (18) can in conse¬ 
quence be extended to the twelfth or thirteenth magnitude without risk 
of serious error. With the aid of (18) revised mean parallaxes have been 
calculated from parallactic motions to m = 13 (Table IV). As compared 
with results found with a constant solar speed, the parallaxes of the brightest 
stars are increased by 25 or 30 per cent., while those of the eleventh to the 
thirteenth magnitudes are decreased by about the same amount. 

Author. 

2942. On the Detection of an Effect of Rotation during Eclipse in the 
Velocity of the Brighter Component of Beta Lyra, and on the Constancy 
of Velocity of this System. R. A. Rossiter. (Astrophys. J. 00. pp. 15-21, 
July, 1924.)—Elements from a series of spectrograms taken at the Alle¬ 
gheny Observatory in 1907 and from seven series, comprising a total of 
442 spectrograms, taken at Ann Arbor in the years 1911 to 1921, show that 
the velocity of the centre of mass of the system is constant and that 
elliptical motion is very well satisfied. Probably no third body exists, 
since no disturbance of the two-body system can be detected. The 
accompanying elliptic velocity curve, with radial velocities indicated by 
the large dots, shows how well elliptical motion is satisfied. A secondary 
oscillation confined to the region of the velocity curve extending 1 - 6 days 
on each side of the principal minimum (or centre of the eclipse of the small 
bright body by the large faint body) has been isolated from the orbital 
velocity and measured. It has been shown to be due to the velocity of 
rotation of the partially eclipsed smaller component, and is here termed the 
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rotational effect. In Beta Lyra it has a total rangeof ?Ckm. A graphical 
determination of this curve of rotational velocity from Sliapley s light- 
elements of Beta Lyra gives a duration of eclipse 40 per cent, longer than 
the spectroscope has shown and an amplitude correspondingly too great. 
Further investigation of this subject is under way. Au rHOR - 


2943. Some Results of a Spectrographic Study of the Algol System. D. B. 
McLaughlin. (Astrophys. J. 00. pp. 22-31. July. 1924 >-One hundred 
and fifty-six plates taken in 1013. 1920. and 1923 with the one-prism 
spectrograph of the Detroit Observatory form the basis of this discussion. 
From plates taken within one month in 1923 orbital elements of the eclipsing 
system are determined. The value of a sin i is larger than in previous 
determinations. With these elements as standard the velocity of t ic 
centre of mass is derived for other epochs by means of simple residuals 
A period of about 1-885 years and a range of 20 km. arc indicated for 
the variation of the velocity of the centre of mass of the eclipsing system, 
substantially in agreement with the determination by R- »; Curt .s. 
The rotational effect due to the rotation of the brighter star during the 
partial eclipse, discovered by Rossiter in Beta Lyra, is incest,gated 
l Algol, and is found to have a range of 35 km., U shown .n-the diagram 
Computation with Stebbins’ hght elements gives only half the' 
range of the effect, on assumption that »,» = 2m /- Investigation of t . 
rotational effect is suggested as a means of determining . 0 ‘" 

eclipsing systems. Agreement of form of computed and observed curves 
serves as a check on light -elements. Assuming equal periods of revolu¬ 
tion and rotation of the bright star the dimensions of the eclipsing system 
are calculated. The total mass is 5-«7Q. Mass ratio is ««» - •> . >"/■ 
Radii of the stars are : r„ = 3-120. and r, - 3-«»0- U, * U “ e 
centres: 10.522.000 km. Densities: </*«0-10. d f - 0 0- (O - )• 
Hypothetical parallax of Algol is 0-031. Orbital mot,on ,s »ugReste I 
as .a possible cause of negative parallaxes of certain stars. At i uou. 


2944. liadiometer Measurements of Stellar Kuergy Spectra. C. G. 
Abbot. (Mt. Wilson Observat., Contrib. No. 280. Astrophys. J. 00. 
pp 87-107. Sept.. 1024.)—The author employed the new type Nichols 
radiometer. 0-6 mm. wide, with the Coutl* arrangement of the 100 inch 
telescope on Mt. Wilson. A mirror system of collimation and image- 
forming. with a 00° flint-glass prism, produced a spectrum of 43-inm. 
dispersion from A ~ 0-437 /i to A = 2-224 p. Radiometer deflections 
at various points in the spectra of the sun and nine bright stars were 
observed visually on a scale at 5 m. from the radiometer. The stars 
observed were 8 Orionis, a Lyra-, a Canis Maj.. a CanisMin.. a Auriga*. 
a Tauri, 8 Pegasi. a Orionis. and a Herculis. Alpha Orionis gave maximum 
spectral deflections of 50 mm. Atmospheric transmission having been 
allowed for. as determined for Mt. Wilson by solar work, the results 
were reduced to normal energy outside the atmosphere through the inter¬ 
mediary of the Smithsonian solar observations of 1920 and 1922. 1 he 

results are given in Table V and Fig. 4. Being of small weight for 
wave-lengths less than 0-65 /z. the radiometric results were supplemented 
by the visual and photographic photometry of Wilsing. Schemer, Mfinch, 
and Rosenberg. Very satisfactory agreement appeared in overlapping 
portions of the spectrum. The combined results having been plotted, 
they were compared with the energy curve of the perfect radiator to 
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determine the absolute centigrade temperature best agreeing with the 
measures. Ratios of total radiation of the stars and sun were determined, 
and the diameters of perfect radiators of temperature and emission equal 
to the stars computed. These diameters were compared with interfero¬ 
meter diameters and with Russell's theoretical diameters, and found to 
be of the same order of magnitude. Better values for these and much 
fainter stars are expected in 1924. Author. 

2945. Long-Period Variable Stars. W. M. Smart. (Observatory, 
47 . pp. 267-276, Sept., 1924.)—Theauthorsketchesin a general manner the 
trend of recent investigations on long-period variables, and indicates 
the main results achieved, basing his paper on one of Merrill’s (see Abstract 
802 (1924)) on 600 variables with periods varying from 30 to over 500 
days, though having a maximum about 330 days, and a range in light- 
cycle of as great as 9 or 10 magnitudes. In the case of 47 Mr- or St-type 
stars, the values of 1) (the difference between the radial velocities derived 
from the absorption and emission lines) are positive in 45 instances, and 
evidence is given that the star's true radial velocity is derived from the 
absorption lines and not from the emission. This evidence is partly derived 
from statistical investigations based on the sun’s motion computed relative 
to the long-period variable group, using the absorption and emission lines 
independently, and partly from the direct confirmation from the double 
star x Ophiuchi, whose components are ol types M6e (a long-period variable) 
and K0. The author deals particularly with the two stais o Ceti [see 
Abstract 1749 (1024)) and X Ophiuchi [sec Abstract 1811 (1923)). His 
general conclusions are : that there is a general but not a close dependence 
of D upon spectral type ;see also Abstract 1740 (1924)1 and also on the 
magnitude range during the light cycle ; small displacements with range 
less than 5 magnitudes, great displacements with range over 7 ; that the 
apex of the solar motion is approximately the same from K- and M-stars 
as from the radial velocities of 133 variables, but these last show a much larger 
solar velocity relative to the group and also much larger residual velocities ; 
and that both the solar speed and the average residual velocity decreases 
from M3* to Se, and in this show the reverse of the progression of velocities 
from B- to M-types. Here lies the difficulty of placing the Me stars in 
the scheme of evolution. The author agrees with E. Frost and Miss 
Lowater in ascribing the relative displacement of the bright lines to the 
periodic outflow of incandescent gases and vapours, and he considers 
that the variation in the maxima may depend on the speed with which 
the incandescent gas is projected and the different distances that it travels 
outward through the star’s absorbing layers. A. S. D. M. 

2946. Henry Draper Catalogue, 21 h. 22//. and 23//. A. J. Cannon and 
E. C. Pickering. (Harvard Coll. Astron. Obs., Annals, 99. [272 pp.], 
1924.)—A continuation of Harvard Annals 98 t see Abstract 2391 (1923)], 
being a table of 24,594 stars, which completes the Henry Draper Catalogue 
of total number 225,300 stars whose spectra have been classified. In 
this volume the general classification of the spectra is repeated in the 
Introduction, as in previous volumes. A. S. D. M. 
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2947. The Light of the Sight Sky. (Lord) Rayleigh. (Roy Sac.. 
Proc. 106. pp. 117-137. Aug. 1. 1924.)-Photometric methods for 
examining the variations of luminous intensity in the night sky are 
described. A uranium salt rendered self-luminous by radio-activit> uas 
used as the comparison light. Three alternative colour filters xvcmc 
used, one of which approximately isolated the green auroral line. A 
and a blue filter isolated the regions of the spectrum on either side oi 
this line, excluding the line itself. The light of the sky thus seen v 
equalised with the standard by means of neutral tinted glasses Colon 
differences were not perceptible, owing to faintness oi Jhe Hg• 
Records are given of systematic observations of the auroral light for 
fifteen months and of the other components for seven months. hc.c 
show considerable variations, relative to the standard light andloonc 
another. The variations arc far too large to be explained b> chai g 
atmospheric transparency. It is intended to continue the senes of obser¬ 
vations long enough to determine whether a connection 
the auroral light and sunspot activity. So far the auroral hgl « 

* been found to vary very little over the whole range of latitude from 
England to the Cape of Good Hope. I lie polar aurora is contrasted 
with the auroral light found over this range of latitude, which .s con¬ 
veniently called the non-polar aurora. The latter may be a j • 
phorescence phenomenon, the luminosity l>eing excited by the sun during 
the daytime and carried round by the earth s rotation, as in ‘e pho j 
phoroscope. The light of the night sky is much richer in rc ^. measured 
relatively to blue, than is daylight, in this respect approximating to 
the light of a J-watt incandescent lamp. J- J - * • 


2948. Reflection from Moving Mirrors. F. Gu6ry. (Rev. G6n. 
<1 £l. 16. pp. 371-376. Sept. 0. 1924.)—Compares Lorent/. s theory (t 
constant with reference to fixed ether). Ritas (C const, ref. to source). 
Stewart. Thomson (C const, ref. to image). Tolmans (C const, ref. to 
mirror). There ought to be a difference of the order IV- between Lorent/. 
and Ritz for the Doppler effect. The Ritz theory is the only one which 
would explain negative results in the Michclson experiment in the absence 
of a Fitzgerald contraction and if light travelled in straight lines rela¬ 
tively to a frame moving uniformly with reference to the source, in 
Huyghens’ construction on the Lorentz theory the spherical waves are 
those from the point of view of a fixed observer ; to an observer accom¬ 
panying the mirror, the angle of reflection would not be equal to the 
angle of incidence unless there were a Fitzgerald contraction. A. 


2949. On the Passage of Light through Transparent Plates. A. 
Schuster. (Phil. Mag. 48. pp. 608-619. Oct.. 1924.)—In explaining 
the optical effects observed under suitable conditions in light that has 
passed through transparent plates, it is the current practice to sclecl 
certain groups of rays and to apply the principle of interference. I he 
author now substitutes a more rational procedure, which discards the 
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conception of rays and seeks guidance by following the wave-fronts. 
His object is to show the more general and effective character of this 
method, and as an illustration he takes the so-called interference effects 
observed in parallel light after its passage through two mutually-inclined 
transparent plates, Brewster's bands being a special case of the general 
problem. The investigation is entirely mathematical, and can be easily 
extended to the case of reflection. The author hopes to deal at a later 
date with the case where the two plates have not the same thickness 
or when a small difference of thickness is partly compensated by a third 
plate. H. H. Ho. 

2950. Calculation of a Thin Aplanatic Objective. S. Nakamura. 

(Phys. Math. Soc. Japan. Proc. 6. pp. 2-11, Jan., 1924. In English. 
Japanese Journ. Phys. 2. No. 3-5. pp. 85-94, 1923. In English.) The 
author discusses at some length various methods available for the calcu¬ 
lation of objectives as above. The methods, employing Abbe's invariant 
and Coddington’s invariables, are referred to as the continental and 
English methods respectively. These methods and others, along with 
those due to Yamada, are shown to be mathematically equivalent, the 
choice of method in any case being decided by the simplicity of numerical 
calculation. These methods have the common defect that they give 
no information as to the optical behaviour of the component lenses. 
The procedure developed by the author has. though it is only a small. 
departure from the usual method, the advantage of giving information 
as to the optical behaviour of the components and the stability of their 
compensation. The paper, which deals with the problem mathematically, 
concludes with a series of examples. F. S. B. 

2951. A New Photoelectric Star Photometer. P. Guthnick. (Zeits. 

Instrumcntenk. 44. pp. 303-310, July, 1024.)—This is an improvement 
on an earlier instrument, and the photometer contains four interchangeable 
photo-cells in a cylinder, either of which can be brought into register 
opposite a window into the main telescope. Various coloured lights can 
be used for spectrographic determinations. Each cell kathode' is con¬ 
nected in readiness through slip rings to the requisite negative potential 
of- a battery of accumulators. Connections from a cell and to the Wulf 
electrometer are made automatically when the cell is revolved into posi¬ 
tion inside the cylindrical casing. 'The framework of the photometer is 
earthed, and the electrometer is carried on ball-bearing gimbals. Three 
stops of 20, 8, and 4 mm. diameter are fitted between the photometer 
and the telescope, limiting the field of view to 3', 70', or 35' as desired. 
The capacity of the cell, connections, and electrometer can be accurately 
determined. Increased speed of observation is claimed, and failure of a 
series of observations, owing to a breakdown, is overcome, by the 
multiple cell arrangement. • -AV. C. S; P- 

2952. Demonstration of a Selenium Photometer. F. C. Toy. (Phys. 

Soc., Proc. 36. p. 432. with Disc., Aug.. 1924.) ' .WS 

' utifJtpn nl v , .men/io? 

*■* 2953. Some Instruments for Detecting Infra-red Radiation. ufD. 8. 
Perfect. (Journ. Sci. Instruments. 1. pp. 321-329, Aug., and pp- 353- 
362, Sept.',’ 1924 )—In this paper are considered the theory and con¬ 
struction of several instruments which were designed in connection with 
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the detection of infra-red radiation in the course of an extended research. 
It is thought that, though some of these -were abandoned for the specific 
purpose in view, they might be of interest in other connections. 1 he 
instruments considered are (I) a strip galvanometer. (2> a thermal 
expansion instrument. (3) a thermometric balance. (4) a modified I aschen 
galvanometer, and (5) a thermojunction. Auihok. 

2954. The Rotation of the Plane of Polarisation of Electromagnetic 
Waves by an Asymmetric Tetrahedral or by a Spiral-shaped Molecular 
Model. K. F. Lindman. (Ann. d. Physik. 74. 6. pp. 541-573. July, 

1924 )_The apparatus for the production of the electromagnetic waves 

is described in a previous paper (Abstract 1449 (1923)). to which reference 
must be made for details. The " atoms " of the models consist of hollow 
copper spheres, radius 3-5 cm., and hence having a natural half-wave¬ 
length of 12-7 cm. The waves were sent through the models and subse¬ 
quently tested for a rotation of the plane of polarisation. The spheres 
were placed at the corners of a cube, forming an irregular tetrahedron, 
as in Pig. 1, the connecting links being thin pieces of wood. I he iota- 



! r; 



Fig. 


Fig 2 


Fig . 3 


tions were measured with the model in various positions with respect t«» 
the direction of the incident beam. The results arc summed op in the 
following statements : The molecular model 1 rotates the plane of 
polarisation of electromagnetic waves 2x8-8 cm. long towards the 
right by a given amount, which depends on the orientation of the tetra¬ 
hedron and varies between 0° - 5°. Experiments were made on the 
variation of rotation with wave-length, and it was found that for waves 
of length equal to those corresponding to the natural period of tlie- 
resonators the rotation is zero, and reaches a maximum to the right for 
slightly longer waves and a maximum to the left for slightly shorter 
ones. Experiments were made on models of smaller dimensions with 
analogous results. A mirror image of 1. as shown in Fig. 2. rotated the 
plane to the left by an amount corresponding to the right-handed rotation 
of 1. 

Experiments on a rhombohedral model (Fig. 3) showed that the 
direction and amount of rotation now depended on the angle of inci¬ 
dence. while another " molecule " having four resonators at the corners 
of a regular tetrahedron showed no rotation of the plane of polarisation, 
even when the spheres were of unequal size. Experiments were also 
made with equal spheres arranged in right and left-handed spirals. 9 
spheres (analogous to SiO a ) being the unit. A right-handed spiral rotated 
the plane to the right and a left-handed spiral to the left, similar 
variations to those previously obtained being observed with varying 
wave-lengths. 
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The results are in accord with the Bragg-Beckenkamp molecular 
model for Si0 2 . The waves after passing through the spiral are slightly 
elliptically polarised, the rate of the axes of the ellipse being 1 : VlQ 
approximately. W. V. M. 

2955. Influence of a Magnetic Field on the Polarisation of the 

Resonance Light. GfJoos. (Phys. Zeits. 25. p. 298, June 15, 1924.)— 
The author, with reference to his former paper [see Abstract 2052 (1924)], 
calls attention to the agreement in the views of three independent workers, 
Pringsheim, Breit and himself. J. J. S. 

2956. Polarisation of the Resonance Light. L. S. Ornsteln and 

H. C. Burger. (Phys. Zeits. 25. pp. 298-299, June 15. 1924.)—The 
authors refer to the paper by Joos [see Abstract 2052 (1924)], in which 
he endeavours to explain the polarisation of the resonance light that is 
emitted when a monatomic gas is exposed to radiation by polarised 
light. According to Joos. it must be assumed that the incident light 
exerts an orientating action on the gas atoms. The authors consider 
that it is improbable that the high-frequency alternating field of the 
light can produce displacement of the atoms. The authors suggest that 
the polarisation may be due to the atoms which emit the resonance light 
being in an orientated position with reference to the incident beam of 
light, but this can be explained by the hypothesis that only those atoms 
which have the right orientation towards the incident light can absorb 
the radiation. Because the atoms possess no marked rotation they 
send out again the energy received in the same orientated position in 
which the absorption took place. J- J* 

2957. A Contribution to the Extension and Improvement of the System 

of Secondary Wave-Length Standards. P. Wallerath. (Ann. d. Physik, 
75. 1. pp. 37-74, Aug., 1924.)—An experimental arrangement for the 
direct comparison of wave-lengths with the red cadmium lines by the 
interference method of Fabry and Buisson is described and investigated. 
It includes only quartz lenses, etc., so that the measurements may be 
carried out in the region of short wave-lengths. With the help of this 
apparatus, and taking into account the errors with respect to secondary 
standards which were emphasised at the Wave-length Congress at Rome, 
1922, measurements were made on about 70 lines in all belonging to the 
spectral region 3466-7544 A. By using a 12-mm. 5-amp. arc as a source 
of light the 30 stable lines of the region 3558-5341 A. were added to the 
existing list of tertiary standards with respect to the Cd. 6438, which 
had been proposed as the standard wave-length by the congress. The 
measurements were made so as to provide substitution lines for the 
unstable secondary standards and partly to fill the gaps in the catalogue 
of the proposed secondary standards. Besides 8 wave-lengths of the 
cadmium vacuum arc spectrum in the region 3466-5086 A., 32 lines of 
the Neon spectrum (region 5852-7544 A.) were compared with the red 
cadmium line. The determination of the proposed standards in the 
ultra-violet part of the spectrum of iron from 3370 downwards has also 
been carried out. The extension of the measurements to the short wave¬ 
lengths as well as to the infra-red portions of the Neon spectrum is 
contemplated. ^ . toe V v M; 
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2958. Certain Fundamental Problems in Photography. T. S. Price. 
(Roy. Soc. Arts. J. 72. pp. 725-736. Sept. 5. et seq. 1924.)—In this general 
paper the following questions are among those considered : The special pro¬ 
perties which makes gelatin particularly suitable as an emulsion medium. 
A complete answer to this question would have to deal with both the 
chemical and physical properties of gelatin, but in these respects our 
knowledge is incomplete. It is very doubtful whether gelatin has yet 
been obtained as a definite unitary product, although considerable pro¬ 
gress has been made in this direction by Schryver. and the purest photo¬ 
graphic gelatins probably contain varying amounts of degredation pro¬ 
ducts or other organic impurities in addition to inorganic matter, which 
constitutes the ash. What is meant by a colloidal solution is dealt with 
at some length. It is the realisation that gelatin does not behave simply 
as a colloid, but has both acid and basic properties, which has brought 
some order out of chaos in recent years. It is shown that in processes 
where gelatin plays a part it is important to know the />H value. It is 
reasonably certain that the physical properties of a gelatin do not alone 
confer on it its photographic properties. The part which gelatin plays 
at the actual moment of precipitation of the silver halide is probably 
very important, but hitherto there has been very little published on 
the matter. Before this can be dealt with, however, it is necessary 
first to refer to the influence of the concentration of the reactants on 
the dispersity of the insoluble product formed. The " protective" action 
of gelatin is discussed. The effect of various substances on the swelling 
of gelatin is of importance in the process of washing the shredded 
emulsion in order to remove soluble salts. A. h. <•. 


2959. The Energy liberated during Phosphorescence. A. A. Guntz. 
(Comptcs Rcndus. 179. pp. 361-364. Aug. 11. 1924.)—The intensity of 
the phosphorescence of zinc and cadmium sulphides, described in a 
previous communication (see Abstract 2411 (1923)). is measured photo¬ 
metrically, and by a series of calculations the energy involved is evaluated, 
taking into account factors such as the varying sensibility of the eye 
with radiations of different wave-lengths. The energy liberated is com¬ 
parable with that developed in a chemical reaction. It is shown that 
zinc sulphide may become energised a second time by immersion in liquid 
air. the first effect of which is to cause the disappearance of the phos¬ 
phorescence. This phosphorescence, however, reappears on warming. 
With calcium sulphide no new absorption of energy occurs at low 
temperature. B. W. C. 


2960. The Characteristics of the Phosphorescence of the Parc Earth 
Elements in Phosphorescent Alkaline Earths. R. Tomaschek. (Ann. d. 
Physik. 75. 2. pp. 109-142. Aug., 1924.)—Little has hitherto been known 
either of the character of the rare earths' emission or the emission 
mechanism. The rare earths give relatively sharp lines in the emission 
spectrum, and thus present a method for quantitative investigation. A 
historical survey of the subject is followed by details of preparation 
of the phosphorescent bodies. As bases. CaO. SrO, SrC0 3 , BaC0 3 . 
BaO. CaS. BaS. SrS, CaSe, and ZnS were used, and about 200 samples 
prepared with the rare earths prascodym. samarium, selenium, terbium 
and erbium. Terbium, with colourless salts, exhibits extraordinary 
phosphorescent power, a property which has only one analogy (SrSZn) 
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in heavy metal phosphorescent bodies. The methods of preparation 
follow well-known lines. The emission was investigated by means of a 
spectrophotometer. The typical spectrum was photographed on specially 
sensitised plates for the determination of the wave-length. A Zeiss 
comparator served to measure the records. Either an iron arc with 
water cooling or an iron spark was used as exciting source for ordinary 
records, but a carbon arc with water trough and blue monochromatic 
filter screen was used for investigation of long wave-lengths. For other 
purposes a mercury-vapour lamp or aluminium spark were usedi. For 
kalhode-rav excitement an aluminium window tube was used with an 
incandescent kathode, whereby the phosphorescent body (in small 
aluminium basins 1 cm. from the window) glows outside. In many cases 
the phosphorescence is of good intensity and duration at ordinary room 
temperature, but investigations were made at various temperatures. 
It was noted that the oxide phosphorescence was almost as bright as 
that of the sulphide and also the colour was noteworthy. Small and 
somewhat broader lines occur, and as these grow together they build 
up broad bands in the spectrum. By lowering the temperature the 
bands break up into groups of lines in many, but not in all cases. The 
precise definitions of the terms band, partial band, group and partial 
group are given. The experimental records for each test are given 
in detail in order of the phosphorescent powers of the substances. 
Notes on each arc also included. s - G ' 

2961. Technique of Solar Radiation Measurements in Various Spectral 

Regions (Permeability of Fillers. Sensitiveness of Cells, Michelson 
A clinometer). C. Dorno, K. W. Meissner, W. Vahle. (Mcteorolog. 
Zcits. 41. pp. 234-239, Aug., and pp. 269-277. Sept., 1924.)—Review of 
investigations carried out with various types of filters and cells. . *• 

2962. Faraday's *' Magnetic Lines " as Quanta. Part II. H. »> 
Allen. (Phil. Mag. 48. pp. 429-445. Sept.. 1924.)r—The treatmon 
emploved in Part I [see Abstract 358 .(1922)] is extended to the con¬ 
sideration! of more complex distributions/ two current oircuits being 
taken as a typical case to represent either two magnetons lor two electron 
orbits. Incidentally, a mechanical models of similar character^ 
Maxwell’s model of an induction coil, is described, which gives a very 
close representation of the electrical system of two current circuit. 
The quantum relations are applied to the general case of any number oi 
current circuits, and it is shown that there is no difficulty in generalising 
previous results. It is pointed out that in this mode of formulating 
the energy of a system frequency plays the part of an additive 

In attempting to applv thfe result to the interpretation of Bohr's theory 
of spectral series, it is showiv that • Bofif’s frequency - relattW 
hv r = \n'hv' - \nhv can be interpreted by taking the frequency *V 01 
the emitted radiation as identical with that of a quantum tube or tubes* 
such frequency being characteristic of the system; both in its' initial and 
in its final state. A sedtion of the paper is devoted to a more rigorous 
method, due’to C.'G. Darwin, of applying the quantum Conditions for 
the case of two current circuits. :A A. B. C. b. 

r.nikfiol' .tnuino-tv' .wmirrr:;- .nr/f »»• -< iq i-f*jTco oir.i orli risiw botRqoiq 

2963. 'The Experimental Fundamentals for the' Measurement, Of Prne- 
trating Radiations.* W. Kolhorster. (Zeits. Instrumenterikj.'44jippq-338? 
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349, Aug., 1924.)—Penetrating radiation is defined as all radiation with 
greater penetrating power and smaller absorption coefficient than the 
quickest known ^-particles of radio-active substances. The investigations 
show that in the neighbourhood of the earth there are two chief com¬ 
ponents : the y-rays from radio-active substances in the earth’s surface 
layer, known as earth radiation, and secondly an atmospheric radiation, 
probably also of the y-type, from beyond the atmosphere and known 
as height radiation. Owing to its extreme smallness, the radiation cannot 
be measured with certainty at the earth’s surface. Tables showing the 
values of both radiation components are appended. For the measure¬ 
ment of the phenomenon two new mountings and types of W'ulf electro¬ 
meter have been devised and used successfully. In the first type a 
frame is fitted about the vertical axis of the ionisation cylinder (capacity 
4 litres) which is fastened at only one place, namely the middle of the 
upper cylinder. In the second pattern the frame was screwed to a 
plate at the aperture of the observation microscope. This frame carried 
a special indicatory apparatus. The second arrangement eliminated all 
unwanted displacements. The displacements of the electrometer thread 
due to changing internal pressure cause an elevation or depression of 
the thread in a parallel direction, and hence no alteration of the electro¬ 
meter reading is noted. No variation was shown over a range of internal 
and external pressure change-difference from — 200 to + 300 mm. of 
mercury. Temperature compensation is clfccted by choice of materials 
of manufacture, namely, quartz glass and nickel steel. As the opposing 
force to the electric impulsive forces, the bending elasticity of a thin 
quartz loop filament (rendered conducting) is used. The loop is fastened 
at both ends to a small plate. If the electrometer is charged, the loop 
stretches out. and the extension is duly recorded with a microscope 
objective containing a scale. The electrometer thread is observed at 
the same time. Details of dimensions of the electrometer are appended 
and a discussion of its sensibility. The apparatus is of little use for 
quick registrations, but is portable and good for slow records. S. G. B. 

2964. Dimensions of Einstein's Light Quanhun. F.. Marx. (/.cits. I. 

Physik. 27. 4. pp. 248-253, 1924.)-—Statistical treatment of radiation 
equilibrium led Burger and Ornstcin to the value uA- for the cross- 
section of the light quantum, where a was a universal but to them 
unknown constant. It is shown how. from the classical theory, one 
may calculate from the vibration volume of the electron that a - 3/47r. 
The absolute value thus found satisfies the interference and diffraction of 
light. [Sec Abstracts 1450 and 14xil (1924)1. E. 11. B. 

2965. Structure of the Second Positive Group of Nitrogen. Part II. 

P. Llnduu. (Zeits. 'f; Physik. 26. 6. pp. 343-370, 1924.)—In Abstract 
2773 (1924) a description is given of an apparatus for measuring the 
plates taken of the second positive group of nitrogen. This part gives 
table* of the wave-lengths of the band lines ; these are then arranged 
into three scries in two ways, " lengthways" ami ” transversely." 
Combination formula.* are then deduced. A. C. M. 

2966. Structure of Multip/ets of Higher Degree. A. Land6 and 
W. Heisenberg. (Zcits. f. Physik. 25. 4-0. pp. 279-280, 1921.)—A 
multi plot is said to be of the " first degree ’’ if only electrons having the 
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lowest azimuthal quantum number (1 in Sommerfeld’s notation, A in 
the authors’) contribute to the impulse-moment of the atomic trunk. 
[See Abstract 52S (1924).] 


If the trunk possesses n* more electrons in a path of quantum 
number k > 1, then the multiplets will still be of the first degree if the 
algebraic sum of these contributions to the impulse is zero— e.g. Na 
and K give the same type of spectrum as Li, presumably on this account. 
But if one of these outer electrons is bound as a />- or tf-term, then 
multiplets of the second degree are formed, and so forth. Neon gives 
multiplets of the second degree ; it is discussed in detail in the paper, 
and a " branch principle *' is found which summarises the formation of 
multiplets. This is then extended. A. C. M. 


2967. Zeeman Effect in Strong Magnetic Fields. P. Kapitza and 
H. W. B. Skinner. (Nature. 114. p. 273. Aug. 23, 1924.)—Using 
apparatus recently described [see Abstract 2595 (1924)1, the authors 
investigated the Zeeman effect in intense magnetic fields which lasted 
for about 1/100 second. The source of light was an intense spark which 
took place with a coil of o mm. internal diameter, in which the field was 
produced by a very strong current, spark and field occurring simultaneously. 
From observations along the lines of force in a field of about 130,000 gauss, 
the magnetic splitting of lines is found to be similar to that obtained in 
ordinary cases. Some partial and complete cases of the Paschen-Back 
effect have been observed. In certain cases the field produced lines not 
present in the comparison spectrum, whilst in others the lines disappeared 
in the field. ' Lines produced in the field are shifted towards the red by 
varying amounts; this is considered to be a pressure effect. A photo¬ 
graph is given showing a separation of 3 A.U. for doublets of Ca and Al. 

G. A. 


2968. Effect o/ Argon on Certain Spectra. R. C. Johnson and 
W. H. B. Cameron. (Roy. Soc., Proc. 106. pp. 195-216. Aug. 1, 1924.) 
—The effect of helium upon the secondary spectrum of hydrogen, upon 
the Balmer series and upon some spectra associated with carbon, as well 
as that of the inactive gases upon the nitrogen after-glow, makes a study 
of the effect of argon desirable. The instruments used were a glass 
spectrograph giving a dispersion of 3-2 in. from AA7009-3900, and a 
quartz spectrograph of dispersion 4 A. per mm. at A2100 and 16*5 A. 
per mm. at A3000. The Swan bands appeared brilliantly, to the exclu¬ 
sion of the Angstrom bands, when a little of a carbon gas was present in 
high-pressure argon, providing hydrogen was absent. “Comet-tail 
bands have not been observed in argon. The CH band at A4315 was 
considerably modified by argon, but no changes were observed in the 
high-pressure CO bands. Deslandres’ 3rd and 1th positive bands o! 
carbon, or the cyanogen bands which could be definitely attributed to 
argon In the case of oxygen, a small quantity of argon entirely sup¬ 
pressed the band spectrum. It diminishes the broadening of lines in 
the line spectrum of OI, and represses a number of lines in that of Oil- 
Tables are given of the intensities of various lines with different condi¬ 
tions of excitation. The bands produced when a little sulphur dioxide 
is added to argon in a discharge tube are tabulated, but no other effect 
of argon on band spectra associated with sulphur has been observed. 
The line spectra of sulphur are also suppressed in argon. s - 
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2969. The Spark Spectrum of Casium. L. A. Sommer. (Ann. d. 
Physik, 75. 2. pp. 163-181, Aug., 1924.)—This was photographed, using 
an end-on tube containing helium at about 3 mm. pressure. The tube 
was heated up to about 220° C. f and the caesium vaporised. Parallel 
to the tube was a capacity of about 0 01 m.f.d., and a spark-gap was 
placed in series of about 15 mm. length. The lines were measured 
against helium and iron comparison lines. The lines are arranged into 
series and level schemes are given. [See Abstract 1912 (1924).) A. C. M. 

2970. Ultra-violet Absorption Spectra of Naphthol Derivatives. S. 
Komatsu, B. Masumotoand S.Kumamoto. (KyotoColI. Sci.,Mem. 7. 
pp. 287-290, June, 1924.)—Curves are given obtained from photographs 
of the ultra-violet spectra, produced according to usual methods, of 
substituted naphthalenes, notably a- and 0-naphthols, a- and 0-naphthyl 
methyl ethers and their ar-tetrahydro compounds, in alcoholic solution. 
The effect of the OH group and of H atoms on both narrow and broad 
absorption bands is more noticeable in the a-compounds than in the 
/3-isomers. It is suggested that the difference between the absorption 
curves of a- and 0-compounds should be attributed to the spatial 
disposition of the substituted groups in the naphthalene molecule. 

A. B. C. L. 


2971. Magnetic Spectra for Iron and Nickel Wires. W. Arkndlcw. 
(Zeits. f. Physik, 28. 1. pp. 11-28, 1924.)—Short Hertzian waves arc 
produced on parallel wires ; differences in the electrical and magnetic 
properties of the material arc produced depending on the wave-length 
of the oscillations employed. Thus various functions of these properties 
may be related to change of wave-length, and so " magnetic spectra" 
be produced. Magnetic absorption bands are deduced from values for 
the absorption coefficient. The permeability and spectra are investi¬ 
gated for iron wires of different diameters. It is shown that from the 
shape of these bands the characteristic functions A 0 , 0, and of the 
elementary magnets may be deduced. A 0 is the value of the wave-length 


which gives a maximum value to S' = (sec Abstract 033 (1919)]; 

0 is a measure of the damping; /zoo is the value of the permeability 
when A -► «. Detailed results arc given for one sample of Swedish iron 
and for three of nickel. The author is led to identify the elementary 
magnet with the atom, and to assume that the single crystals of iron 
are magnetised to saturation. A. C. M. 




2972. The Second Positive Nitrogen Spectrum. E. Hulth6n and 
G. Johansson. (Zeits. f. Physik, 26. 4-5. pp. 308-322, 1924.)— 
Measurements of the bands 3536, 3755. and 3805 are given and com¬ 
bination formulae deduced. A level-scheme is given to express tho 
transitions involved in producing the heads of each band-group ; this 
scheme implies at least five initial states and twelve final states. Common 
initial states are shown to occur for the bands 3371, 3577. 3805 (m = 0) 
and for the bands 3536, 3755 [n = 1). 

By comparison with the formula of Kramers and Pauli for the energy 

of rotation of a dipole the relation---= A — k.n — p.m was 

27r*j£C 
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obtained, giving the influence of the nuclear oscillation and of the rota¬ 
tion of the molecule on the moment of inertia. 

In conclusion, the impulse-moment of the electrons of the molecule 
seems to be unaffected by the oscillations of the nucleus. A. C. M. 

2973. The Quadratic Electrical Effect at the D-Absorption Lines of 

Sodium (Inverse Stark Effect.) R. Ladenburg. (Zeits. f. Physik, 
28. 1. pp. 61-68, 1924.)—The paper describes the effect of powerful 
electric fields on the absorption lines of sodium as observed by means of 
the Lummer-Gehrcke instrument. Previous work on this subject is 
briefly reviewed [see Abstract 1409 (1915)]. Details are included of 
the most suitable light source to employ for rendering the interference 
maxima, and of the absorption tube which enables electric fields up to 
160,000 volt/cm. to be established in sodium vapour at 10” 6 mm. pres¬ 
sure. Sections are devoted to the measurement of these fields and of 
the electrical effects on the D r and D 2 -absorption lines, also their 
dependence on the field strength and polarisation phenomena. A final 
section is devoted to theoretical considerations based both on classical 
and quantum considerations. Both lines are found to be displaced 
towards the red to about the same extent. The component of D 2 per¬ 
pendicular to the field is appreciably less displaced than the parallel 
one, and this ^-displacement amounts to 0-025 A. at 160,000 volt/cm., 
being proportional to the square of the field strength. This result affords 
a typical example of the purely unsymmetrical quadratic effect that is 
to be expected from the Bohr atomic theory with respect to lines similar 
to hydrogen when the external electric field is small compared with 
that of the nucleus electrons. The quadratic effect at the D lines 
approximates in magnitude and character to that deduced by Voigt on 
the classical electronic theory, in which the quasi-elastic potential is 
extended by the addition, <f> = \kr 2 + JA'r 4 . H. H. Ho. 

2974. The Action of Electric and Magnetic Fields on the Ultra-violet 
Fluorescence Spectra of Iodine. O. Oldenbcrg. (Zeits. f. Physik, 
27. 3. pp. 189-194, 1924.)—(1) Magnetic Fields .—As was observed by 
Steubings in the visible iodine fluorescence, the ultra-violet emission 
(excited by A1 1854-62) shows a shifting of intensity towards the long 
wave-lengths in strong magnetic fields. However, no important diminu¬ 
tion of total intensity was observed. The fluorescence spectra which 
appear on the addition of other gases are not affected by the magnetic 
field. (2) Electric Fields .—The ultra-violet iodine fluorescence is not 
affected by an electric field. In particular this has been verified with 
respect to the band 3460. which in previous work [see Abstract 2498 
(1924)] is explained in terms of ionic recombination. The conclusions to 
be drawn with respect to the fundamental causes of emission are discussed. 

r W. V. M. 

2975. The Spectrum of Helium in the Extreme Ultra-violet. T. Lyman. 
(Astrophys. J. 60. pp. 1-14. July, 1924.)—The introduction deals with 
the effect of the nature of the ruling of the diffraction grating on the 
intensity of spectra in the extreme ultra-violet and on the strength of 
ghosts. A method is given for producing a continuous spectrum extend¬ 
ing to 900 A. The existence of the second enhanced series has been 
confirmed, and two members of the first enhanced series at 303-6 and 
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266-3 have been discovered. Seven members of the OS — wP series 
have been measured. The identification of the line at A0OO-3 corre¬ 
sponding to the second resonance potential is still in doubt. A line at 
A591 • 6, corresponding to a jump from an energy-level in the doublet 
system to the lowest level in the singlet system, has been discovered. 
The presence of a continuous spectrum extending from the limit of the 
OS — mP series is noted. The apparatus and methods are described. 
This section includes some remarks on oil-coated plates and on the 
probable advantages to be gained by spattering a speculum diffraction 
grating with silicon. Author. 

2976. Width of Lines in Arc Spectra. S. Procopiu. (J. de Physique 
et le Radium. 6. pp. 220-224. July. 1924.)—In this paper the author 
studies by interference methods the variations in the width, with pres¬ 
sure, of the line in the Zn, Cd. Ca. A1 arc spectra. The slit of a spectro¬ 
scope is placed along the diameter of a system of interference rings. 
The rings are produced by means of a Fabry and Perrot interferometer 
using semi-platinised quartz plates. For each line examined the pres¬ 
sure is varied to give a visibility of the rings corresponding to a width 

of the line of 0-1 A. 

In each series the width of the lines increases with the numerical 
order of the series in qualitative agreement with Stark's hypothesis on 
the influence of the intramolecular field. Spark lines are wider when 
originating from the kathode; lines from a flame spectrum arc wider 
than those from the arc or spark. These results may be intrepreted on 
the hypothesis due to Gouy. F. S. B. 

2977. Standard Wave-lengths and Regularities in the Spectrum of the 

Iron Arc. W.F.Meggers. (Astrophys. J. 60. pp. 60-76, July, 1924.)— 
Tho wave-lengths of selected lines in the arc spectrum of iron form a 
system of secondary and tertiary standards whose accuracy in relative 
value can now be tested with the aid of the recent discovery of regu¬ 
larities in this spectrum. From the vacuum wave-numbers which repre¬ 
sent standard wave-lengths in a selected group of multiplcts the relative 
values of 27 sets of spectral terms are calculated to 8 significant figures. 
Among these terms occur combinations giving rise to 84 multiplets 
belonging to the triplet, quintet, and septet systems. About 800 spectral 
lines, ranging in wave-length from 2276 A., to 9768 A., and including 
most of the internationally adopted standards, arc thus represented 
with considerable precision. Critical tests of the accuracy in relative 
values of such standards are made (1) from the recurrence of differences 
of wave-number, which should be exactly the same in all mutliplets 
involving one set of terms in common; and ( 2 ) from cyclical relations of 
multiplets in groups of four, such that the wave-numbers for any one of 
them may be calculated from those of the other three. It appears that 
most of the wave-lengths of lines in any one multiplct are correct in 
relative value to one part in 2.000.000 or 3,000,000 except in tho 
ultra-violet, where errors as large as 1 part in 400,000 exist. The lines, 
which are easily shifted by pressure and exhibit " pole-effect," are seen 
to originate in electron transitions from the outermost orbits of the 
excited iron atom. These effects can be eliminated and the accuracy of 
standard wave-lengths increased by the adoption of the iron arc in vacuo 
as the source of secondary and tertiary standards. Author. 
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2978. The Quantum Theory of the Continuous X-Ray Spectrum. 
G. Wentzel. (Zeits. f. Physik,. 27. 4. pp. 257-284, 1924.)—When 
kathode-rays strike an antikathode a continuous X-ray spectrum is pro¬ 
duced, with a definite limit on the high wave-length side. Sommerfeld 
and Pauli have considered how Bohr’s correspondence principle for line 
spectra can be made use of to explain this continuous spectrum. Mathe¬ 
matically the problem consists in a transfer from a Fourier series to a 
Fourier integral, from a periodic to an unperiodic system. The classical 
spectrum of a Kepler ellipse would consist of a series of equidistant lines 
stretching to infinity; on the other hand, the series limit of the Balmer 
series has a finite value. The correspondence principle correlates the 
intensities of the classical and quantum theory lines, and it may be said 
that it displaces the classical upper harmonics, without change of 
intensity, towards smaller frequencies. In a similar manner the con¬ 
tinuous spectrum deduced from the classical theory, which would extend 
to infinity, is compressed to a sharp limit at V 0 = e\'/h. Sommerfeld 
and Pauli, however, were not able to determine with certainty the law 
governing this shift. Kramers, on the other hand, does not consider 
the analogy between the X-ray continuous spectrum and the Balmer 
series. When a stream of kathode-rays strikes a metal the electrons, 
when they *' collide ” with the atoms, describe hyperbolic paths around 
the nuclei. The author assumes that similar quantum relations hold 
between these paths to those between the elliptical paths, which are 
concerned with the production of line spectra, and that the corre¬ 
spondence principle still holds; he works out a mathematical theory on 
this basis, and compares the results of the theory with the experimental 
results of Kulenkampff. For high frequencies a scries of intensity curves, 
taken at different voltages from 7000 to 11,980 for platinum, show close 
agreement; and. while this is not the case for lower frequencies, this 
appears to be due to experimental difficulties. Curves for Pt, Sn, Ag, 
Cu and A1 also show agreement between the new theory and experiment, 
both of which give curves for Pt which are concave towards the fre¬ 
quency axis, and for A1 curves which are convex towards that axis. 
The theory for a very thin antikathode is worked out, and interesting 
results may be obtained by experiments along the lines indicated. 

H. N. A. 


2979. Diffraction of X-Rays by Narrow Slits. Part II. B. Walter.. 
(Ann. d. Physik, 76. 2. pp. 189-194. Aug.. 1924.)—In a previous paper 
[see Abstract 2787 (1924)] the author has dealt with the diffraction effects 
produced by the passage of a beam of homogeneous X-rays through a 
narrow slit (width 40 fl). In the present work slit widths from 6 to 
2 - 5 n have been employed; distinct diffraction bands, showing clear 
maxima and minima, have been obtained. From a knowledge of the 
dimensions of the apparatus employed and the distance apart of these 
bands the value of the wave-length of the K a -radiation of copper lias 
been determined and found to agree with the known value within 10 %- 
, * A. B. W. 


2980. Reflection of X-Rays . N. Carrara. (N. Cimento. 1. pp- l® 9 *" 
183. May-Jpne, 1924.)—In this paper, which is mainly of a mathematical 
nature, a new type of reflection is described. It is also shown by aij 
optical theory that there 1 is a maximum of intensity in the bundle of 
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X-rays scattered from the plane surface 'of a crystalline) of 'amorphous 
body hit by a bundle of X-rays. It is-thought possible that an'experi¬ 
ment oan be carried out, lwith the exclusion of refraction; 1 which* will 
Drove in a concrete manner the presence of this reflection of X-raysJ • 

A. E. G. 

... i • • .. . .A-.t i.\x 

.. 2931. Hardness Distribution of Scattered X-Rays. F. Dessauer and 
R. Herz. (Zeits. f. Physik, 27. 1. pp. 5ft-64, 1924.)—In order' to 
investigate the Compton-Debye effect [see Abstract £34 (1924)} the 
authors have devised an apparatus by means of which the hardness of 
the scattered radiation, produced by the incidence of primary X-rays on 
a spherical " scatterer." can be photometrically determined • simulta¬ 
neously in all orientations relative to the direction of the incident beam. 
The experimental results are in conformity with Compton's theory of 
scattering. / V '- A. B. W. 

RADIO-ACTIVITY. 

. 2982. Radio-active Disintegration Series. Part II. W. P. Wlddowson 
and A. S. Russell. (Phil. Mag. 48. pp. 293-306, Aug... 1924.)—(See 
Abstract 286 (1924) for Part I of this paper.1 In the present paper 
reference is made to an experimental investigation of the minerals 
pitchblende and thorianite and in a preparation of radium, with the 
object of searching for an isotope of radon, thoron and acton expelling 
a-particles with an anticipated period of seventy minutes. Tho search 
proved unsuccessful. It is concluded that if this hypothetical emanation 
exists and expels a-particles, its period must be greater than four hours 
or less than four minutes ; orthat.if its period lies within the above limits, 
the nufnbcr of atoms breaking up per second must t>c loss than a value 
which lies between 1/140 for the higher limit of period and 1/2600 for 
tho lower of that of a member of the radium series in pitchblende or in 
thorianite. 

It is to be anticipated theoretically that there aro three out of four 
possible radio-active series which have members of atomic number 
86 emitting a-particles. The fourth, if it exists, should arise from an 
isotope of protoactinium having an atomic weight of 233 pass through 
the missing elements 87 and 86 and end in bismuth. 

The principal isotopes of elements 91, 85, and 87 are calculated to 
be 233, 221, and 217 respectively. Elements 85 and 87 are probably 
simple. A. B. W. 

2985. Primary p-Rays. H. T. Wolff. (Phys. Zeits. 26. pp. 348-352, 
July 16, 1924.)—Primary /J-ray9 are those in which electrons arc emitted 
from the nucleus. The question is whether before emission these electrons 
move in paths conformable to the requirements of the quantum theory. 
Their paths must lie within the nuclear diameter, not exceeding 10*“ la cm. 
radius. Soramerfeld's quantum calculations (Ann. d. Physik, 61. p. T, 
1916) give, under Coulomb's law; a circular path with a definite radius, 
but to bring the radius down to the required value the atomic number 
would have to be 139. Coulomb's law would therefore not work with 
a spherical nucleus ; the increase of force, with diminishing distance from 
the centre, would have to be more rapid than Coulomb’s law would 
Indicate. But that law would work if the nucleus were disc-shaped, 
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and that whether the electron were rigid or a Lorentz’s electron. The 
conception of the disc-shaped nucleus suggests explanations of certain 
sequences in radio-active transformations. The answer to the question 
is in the affirmative. . A D 

2984. The Mode of Action of the Pointed Electrode a- and R-Particle 

Counter. H. Geiger. (Zeits. f. Physik, 27. 1. pp. 7-11, 1924.)—-The 
pointed electrode counter greatly multiplies the primary ionising action 
of the charged corpuscles. In a counter with 2 cm. diameter a fl-particle 
produces primarily about 50 ions, or 2 x 10“ 8 electrostatic units, while 
the resulting current rush will be from 0-1 to 1 unit, depending on the 
voltage employed, or the primary effect is multiplied by 10 7 or 10 8 . The 
recent investigation of W. Kutzner is discussed (Abstract 2118 (1924)1, 
and attention is called to the fact that the explanation given only accounts 
with difficulty for the working of the instrument without an end plate. 
An explanation is proposed which considers the factors which cause 
the sudden stoppage of the current rush to reside in the point rather 
than in the end plate, and an experiment is described on which this 
explanation is based. The pointed electrode is connected to a string 
electrometer, and earthed through a resistance, which is so high that 
little current flows through it during the time of the current rush into 
the point; the electrode is then shunted by a capacity several times as 
great as the combined capacity of the electrode and the electrometer, 
and it is found that the deflections in the two cases are roughly inversely 
proportional to the capacity, so that for each point discharge a nearly 
constant quantity of electricity flows. It follows that it is not theincrease 
of voltage of the isolated system, produced by the rush of current, which 
stops the discharge, for in that case the deflection would be independent 
of the capacity. The pointed electrode as a general rule will only work 
after a certain preparation, for instance after having been raised to 
incandescence. It is suggested that a fine surface film is formed, with 
a high electrical resistance, so that when the ions produced by the a- or 
/3-particle have started a discharge, with the help of the electric field, 
this surface film becomes charged, and the electricity does not flow away 
rapidly to the rest of the electrode. Thus the potential difference between 
the surface and the end plate rapidly falls, and the current stops very 
soon after it has started. The quantity of electricity flowing will depend 
chiefly on the capacity of this surface film and very little on the capacity 
connected to the electrode. H. N. A. 

2985. The Emission of /3- and 8-Pays from a Metallic Film and the 
Relation to the Quantum Theory of Scattering of X-Rays. L. Simons. 
(Phil. Mag. .48. pp. 250-268, Aug., 1924.)—The author has continued 
his investigation of the slow electrons, or 8-rays, produced when X-rays 
fall upon a metal plate, which form a group quite distinct from the true 
photoelectrons (see Abstract 101 (1024)]. He now makes use of the 
comparatively homogeneous fluorescent X-radiation from secondary 
radiators, consisting of a number of different elements, on which the 
very constant X-radiation of a Coolidge tungsten antikathode X-ray 
tube was allowed to fall. This secondary radiation was allowed to fall 
upon an extremely thin film of gold, supported on a plate of paraffin 
wax backed with lead in an evacuated chamber and connected to an 
electroscope. To reach the gold film the radiation had to pass through 
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the aluminium bottom of the experimental vessel, which was evacuated, 
and then through a thin plate of carbon, the potential of which could 
be varied from — 20 to -+- 20 volts. At the lower voltages only the 
fast electrons passed from the gold to the carbon, and it was only when 
the voltage was positive that the slow electrons came over. Curves 
are given showing the relation between the current for different voltages, 
with the different radiators employed ; these make it clear that the slow 
8 -rays are much more numerous than the fast /3-rays. There would be 
strict proportionality between the /3- and 8-rays emerging from the 
gold film if each were produced by quasi-independent X-ray beams, 
always of the same relative intensities as measured by the number of 
electrons associated with each, but differing in wave-length by0-040A.U. 
as the spectrum is traversed, the 8-rays being associated with the longer 
wave-lengths. This is shown to be exactly the amount to be expected 
from Compton's quantum theory of the scattering of X-rays if the 
8 -rays are associated with the modified and the /3-rays with the 
unmodified scattered X-rays. H. N. A. 

2986. The Range of the a-Rays from UI and UII. B. Gudden. 
(Zeits. f. Physik. 26. 2. pp. 110-116. 1924.)—In order to test Geiger and 
Nuttall's formula, log A = A +B log R 0 . connecting the range R 0 in cm. 
with A the disintegration constant in sec." 1 , it is important to determine 
the range where the disintegration constant is small, as in the case of UI. 
This is not possible by ordinary methods, but the author has studied the 
pleochroitic haloes, recently described by O. Miigge. in blue Wdlscndorf 
fluorspar, and finds that they differ from the haloes of mica and horn¬ 
blende, in which the a-rays deepen the colour throughout their range, 
the action depending on the velocity in the same way as the ionisation 
produced in air; only the range from RaC', and perhaps from RaA. 
can be measured with satisfactory accuracy. With the Wdlsendorf 
fluorspar, on the other hand, the coloration is confined to the end of the 
range, where the velocity of the a-rays has become small, while higher 
velocities actually bleach the original blue colour. The radio-active 
nucleus is surrounded with concentric dark, spherical shells, and 
in sections concentric rings appear, one for each of the radio-active 
elements concerned. The breadth of these lines depends mainly on the 
dimensions of the particle of radio-active material concerned. A figure 
shows the dimensions of the rings for UI. UII, Io. Ra, Po, RaEm, RaA 
and RaC, and three photographs show the actual observed haloes. The 
innermost ring is due to UI and UII, and the line is about twice as broad 
as those due to the other elements. It is possible to deduce the equivalent 
range in air in cm. for these two elements from the position and breadth 
of this ring, the results being 2-76 cm. for UII and 2-68 cm. for UI. 
Geiger's calculated values are 2-91 cm. and 2-63 cm., so that there is a 
large discrepancy. The uncertainty in the author's figures is less than 
1 per cent. The life of UII is about fifty times as large, according to this, 
as was previously supposed. H. N. A. 

2987. Very Large Quantum y-Rays and the Photoelectric Origin of the 
Natural p-Spectrum of Radium. J. ThJbaud. (Comptes Rcndus, 179. 
pp. 166-167. July 21. 1924.)—The author has shown, in a previous paper, 
that the principal high velocity /3-rays of the natural spectrum of radium 
C can be assigned to monochromatic y-rays emitted by the substance, 
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with the energies in kilovolts 005, 1123, 1241, 1420, and 1703 [Abstract 
2122 (1924)]. He now measures the energies of the R -rays produced 
when the y-rays of RaC fall on U, Pb, W. and Ag. - In the following 
table the figures in the second line are the amounts of energy in kilovolts 
retired to remove an electron from the K level, the remaining figures 

give the energies observed for the ^-rays :— » ~ w < : 


u. 

Pb. 

W. 

117 

89-3 

69-5 

1004 

1034 

1057 

1122 

1151 


1650 

1677 



1755 



Ag. 

25-6 

1100 


The 1755 energy lead ray comes from the L level, all the others from the 
K level, and in each case the sura of the energy required to remove an 
electron from the K level and the observed energy of a /?-ray is approxi¬ 
mately equal to the energy of one of the above y-rays. H. N. A. 

2988. Absorption and Scattering of Gamma-Rays. E. A. Owen, 
N. Fleming and Winifred E. Fage. (Phys. Soc., Proc. 36. pp. 355-360 ; 
Disc., 3G6, Aug., 1924.)—(1) The absorption and scattering of gamma- 
rays from radium filtered through 23 mm. of lead have been measured 
in magnesium, aluminium, zinc, tin and lead. 

(2) On the assumption that the mean effective wave-length of the 
radiation employed is 0 021 A., the experimental results are consistent 
with the following statements : (i) When gamma-rays traverse matter, 
the characteristic radiations of the absorbing medium arc excited; 
(ii) the atomic fluorescent absorption coefficient of gamma-rays depends 
upon the wave-length of the incident radiation and the atomic number 

of the absorber according to the law ~‘U) = KA 3 N 4 , which holds for 

. . . • p 

X-rays; (iii) the radiations which accompany this fluorescent absorption 
are the characteristic radiations of the K.L.M A . . series of the absorbing 
elements; (iv) the absorption of gamma-rays in light elements is due 
almost entirely to scattering; (v) the pure atomic scattering absorption 
coefficient is proportional to the atomic number of the absorber; (vi) in 
addition to fluorescent and scattering absorption, a true absorption 
exists, the atomic coefficient of which is proportional to the atomic 
number. ...„ 

(3) Compton’s formulas, deduced from his quantum theory of scat¬ 

tering, would account for the experimental results if the wave-length 
of the incident radiation were 0-020 .Jauncey’s formula: would require 
the wave-length to be 0-029 A. .. (|J » Authors; 

2989. On the Origin and Nature of the Long-Range Particles observed 
with Sources of Radium C. E. Rutherford and J. Chadwick. (PhiL 
Mag. 48. pp. 509-526, Sept., 1924.)—Considerable difficulty has been 
found in' determining the nature of the swift particles observed- by 
Rutherford,i using the scintillation method, in N and O/ with radium C 
as ;th£ source (see Abstract 912 (1919)]. In the present investigation it 
has been shown that the particles of 9-3 cm./range appear in equal 
amountiin He, 0,i£0 2 and Xe.- The same is true of the particles-with 
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range 11-2 cm., though the number of these is small, and so the evidence 
is not so definite. It is not possible to suppose that the particles are 
produced in helium by the disintegration of that gas. No evidence has 
been found of the 13-3 cm. range particles of Bates and Rogers, and the 
number of 11-2 cm. particles is less than they found; this is probably 
due to their having used absorbing plates of mica, which gave H particles. 
Both sets of particles. 9-3 cm. and 11-2 cm., were, however, observed 
in the same numbers as before (about 1050 per sec. per mg. of RaC 
of the short range and 190 of the long range in xenon), when sheets of 
silica and mica were placed immediately over the source. With copper 
foil it was found that good results could not be obtained, on account 
of irregularities in the thickness of all the foils obtainable. '1 he numbers 
and ranges of the long-range particles were shown to bo independent 
of the method of preparation of the active deposit. The source was 
placed on one side of a graphite plate, and a sharp shadow, due to the 
main a-rays, was cast on a zinc sulphide screen in CO z at reduced 
pressure; the pressure was then raised to atmospheric, and the 
scintillations due to the long-range particles observed. No scintillations 
occurred outside the previous shadow edge, so that cither the long-range 
particles are emitted by the source, or their direction of emission from 
the gas molecules must be the same as that of the impinging a-particles. 
The magnetic deflection measured by the shadow method, and in vacuo 
by a slit method, showed definitely that the 9-3 cm. range particles come 
from the source. **. N. A. 

2990. Further Experiments on the Artificial Disintegration of Elements. 
E. Rutherford and J. Chadwick. (Phys. Soc., Proc. 30. pp. 417-422, 
Aug., 1924.)—In previous papers (see Abstract 279 (1923)] the authors 
have shown that protons can be ejected from tho nuclei of B. N, F, Na, 
A1 and P by bombardment with a-particles, but no certain conclusions 
could be drawn in cases where the ejected particles had ranges less than 
30 cm. in air. In the present experiments these particles were observed 
at right angles to the path of tho incident a-particles. and the limit of 
the trustworthy range was thus reduced to 7 cm., or less in some cases. 
Disintegration was found in the case of the light elements Ne. Mg. Si, 
S, Cl, A and K, but not in the case of H. He. Li. C and O. The results 
with Be were doubtful. The following heavier elements failed to show 
the effect: Ni, Cu, Zn, Se. Kr, Mo. Pd, Ag. Sn. Xe. Au. U. Elements 
from Ca to Fe have not at present given conclusive results. The com¬ 
parative ranges of the ejected particles suggest that the nuclei of the 
even-numbered light elements are stable, while those of the odd-numbered 
light elements are comparatively unstable. An estimate of the field of 
force within the atom is deduced from these ranges. Authors. 
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2991. The Wiedemann-Franz Law. A. Eucken and O. Neumann. 
(Zeits. phys. Chem. 111. pp. 431-446, Aug. 25. 1924.)—According to the 
Wiedemann-Franz law, the expression A/XT is a constant for different 
metals, where A is the thermal and % the electrical conductivity, and T the 
absolute temperature. Marked departures from the law giving abnormally 
high values are given with badly conducting metals and alloys. It is 
concluded that the heat conductivity of badly conducting metals is 
contributed by two different components, one of which corresponds to 
the conductivity of non-metals or the so-called crystalline conduc¬ 
tivity A*, and the other with metallic conductivity A m . The possibility 
of the differentiation of these two factors rests on the difference of their 
behaviour with temperature and with a change of the state of aggregation 
of the crystals, A* falling rapidly with rise of temperature and with 
increasing sub-division of the crystal structure, while X m only changes 
slightly. It is concluded, however, that at a temperature below about 
30° abs. the value of A m , which is proportional to the specific heat of 
the electrons, diminishes to a very small amount, and the heat conductivity 
is determined by A*. 

Measurements are made of the thermal and electrical conductivities 
of pure antimony and bismuth at 90° abs. and 273° abs. These metals 
show considerable deviations from the above law. By varying heat 
treatment the metals are obtained with varying size of crystal grain 
structure, which is measured after etching. The thermal conductivity 
falls markedly with decreasing grain size, while the electrical conductivity 
slightly increases. A formula is derived theoretically to show the relation 
between A* and size of crystal grains on the basis of temperature 
gradients at the boundary surfaces of individual crystals. The influence 
of crystal size is more marked at the lower temperature, at the tem¬ 
perature of liquid air the thermal conductivity of fine crystalline antimony 
being only half that with the coarsely granular crystals, while with 
bismuth the value is one-third. By extrapolating the values to an 
infinitely small grain size, results are obtained for the Wiedemann-Franz 
number which, except for a departure given by bismuth at 90° abs., 
correspond to the values given by good conducting metals. Similar 
results to those with the above metals are obtained with alloys of zinc 
and copper of varying grain size of crystal structure. Measurements made 
with powdered metals and with a column of compressed brass discs 
show an increasing ratio of thermal to electrical conductivity, with 
increasing fineness of division. This effect is attributed to the high 
electrical and low thermal insulation of the film of gas adhering to the 
particles, and the ratio is lessened by exposing to an evacuated space. 

J. N. P. 

2992. Experiment on the Thermal Molecular Conductivity and Molecular 
Heat of Diatomic Gases at Low Temperatures. E. Schreiner. (Zeits. 
phys. Chem. 112. pp. 1-67, Sept. 6, 1924.)—According to Nemst, 
polyatomic gases should, at low temperature, lose both the atomic energy 
of vibration and the energy of rotation. This was confirmed by Eucken 
[Abstract 517 (1912)] for hydrogen, which at 80° abs. behaved like a 
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monatomic gas, and by Scheel and Heuse [Abstract 827 (1913)], who 
found that the molecular heats of carbon monoxide, nitrogen, oxygen and 
air were at 92° abs. by several per cent. (1 to 6) smaller than C p = 4-96 
and also by Eucken's measurements of thermal conductivity. The 
author’s experiments tend to show that the molecular heats of 0 2 , N 2 . 
and CO are not further diminished when the gases are cooled from 90° 
down to 60° abs. His glass apparatus consists of two spheres, of 1-litre 
capacity, and a cooling tube containing a hot-wire manometer, a platinum 
wire 0 02 mm. in diameter. After evacuation the apparatus is filled 
with the gas, measured portions of which are then admitted into the 
tube, in which the rate of cooling is determined by a bridge arrangement. 
The experimental errors might amount to 3 per cent., but the molecular 
heats deduced deviated in extreme cases by as much as -f 7-6 per cent, 
and — 6 per cent, from the assumed constancy. With certain improve¬ 
ments, the author believes, the apparatus should give reliable results. 

H. B, 

2993. The Temperature Scale in Theory and Practice. F. Henning. 
(Zeits. Instrumentenk. 44. pp. 349-366. Aug., 1924.)—The author effects 
a concise survey of the entire position regarding the temperature scale. 
The precise meaning of the terms degTec and temperature as accepted 
to-day are set forth and discussed fully. The paper then deals with the 
theoretical foundations upon which the scale is built, discussing, inter alia. 
the Joule-Thomson effect for gases. Carnot principle, ideal gas equation, 
isothermals for various gases, etc. The Kelvin scale is compared with 
the gas scale in relation to the absolute zero value. Tables are given 
showing the difference between the thermodynamic and the gas scale 
at different temperatures. Radiation methods arc then discussed 
theoretically. The second portion of the paper deals with the practical 
realisation of temperature measurement, and includes radiation, thermo¬ 
junctions, and the Pt resistance thermometer. A diagram is given 
showing the temperature scale as determined by the Rcichsanstalt, Berlin. 
The table shows the fixed points in the scale and indicates how they arc 
standardised. A suggested scale is shown below which avoids a duplicate 
definition of temperature:— 


p«l 

Au 

Ag 

Sb 

s 

Zn 

Cd 

H,0 

H,0 


CO, 


1667 

1063 

900-6 

030-0 

444-66 

419 4 

370-9 

100-0 

0-ooo 

—<18-67) 

-78-61 

g| 


i . } 

1000 1100 

060 

300 



, t 


t 



Wlcn'* Law 
e-1-43 


Pt Thermometer 

R -K<tl +a l l + 6,M) 



1 

_t_t 


t_ 

t t 

Pl/P<Rb Thermo! unction 



Pt ThcrmoincU-r 
R-R«(l +«,< + *,(• + £,(») 


This scale was adopted by the Rcichsanstalt, and is the conclusion arrived 
at from the survey in the paper. S. G. B 

2994. On Corresponding Temperatures for Solid Bodies. A. Brodsky. 
(Comptcs Rendus, 179. pp. 498-600, Sept. 8, 1924.)—After a discussion 
of Michaud's work it is shown, in the sense that Michaud defines corrc- 
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spending temperatures, that the expression for C* contains no individual 
constant, so that the specific heat for the same values of 0 does not 
depend on the species of solid body, and the same applies to the entropy. 
Other formula, such as those of Nemst, Lindemann, and Debye, deduced 
on the quantum theory, lead to a like result. The examples given by 
Michaud have been utilised to verify the formula derived, and data 
for Al, Cu, Zn, Ag and Pb are included. . H. H. Ho. 

2995. The True Specific Heats of Certain Salt Solutions. E. Cohen, 

W. D. Helderman and A. L. T. Moesveld. (Zeits. pbys. Chem. 112. 
pp. 135-140, Sept. 6, 1924.)—This paper contains a description of the 
experimental determination of the specific heats of solutions of calcium 
iodide (at 19° C.), ammonium nitrate (at 32-3°C.) and zinc sulphate 
(at 19° C.) for very different concentrations. For this purpose the 
adiabatic electrical calorimeter of Cohen and Moesveld was employed, 
this permitting an accuracy of 0-5 per 1000 [see Zeits. phys. Chem. 
95. 305, 1920; 100. 151, 1922]. Details are also included of the pre¬ 
paration of the pure materials and of the precautions taken to avoid 
error. H. H. Ho. 

2996. Construction of Adiabatics for Large Temperature Changes and 
Variations of Cp : C*. F. Magyar. (Zeits. techn. Physik, 5. 9. pp. 404- 
405, 1924.)—Brauer's construction of adiabatics assumes that the ratio 
Cp/Cy is constant, an assumption which is invalid for temperature 
variations of over 1000°, as in gas and oil motors. Schule’s data for 
the variation of Cp/Cy arc adopted, the mathematical consequences 
deduced, and the modified adiabatic construction described. H. H. Ho. 

2997. Calorimetric Apparatus for the Measurement of Reaction Heats 
at High Temperatures. J. D. Davis. (Indust, and Engin. Chem. 10. 
pp. 726-730, July, 1924.)—It was desired to measure the reaction heat 
of coal during carbonisation. This varies with the atmosphere used, 
being greater with nitrogen than hydrogen, and increases rapidly with 
the oxygen content of the coal. In the special calorimeter described the 
total heat supplied was about 8500 calories, but the reaction heat of the 
coal sample tested was of the order of only 30 calories per gramme. 
Two similar bomb calorimeters were arranged in a water-warmed jacket, 
which was maintained within ±0-05°C. of the temperature of the 
calorimeters. Thermopiles operated a relay which controlled the 
alternating current sent through the water-jacket. One bomb contained 
the coal, the other was empty. Electric heating coils were connected in 
series, and the difference in voltage across the coils was measured each 
minute to 0-1 millivolt by a bridge method, the difference in resistances 
varying from 0-01 to 0*07 ohm. The difference in the temperatures 
of the two calorimeters (about 0'1°C.) was noted by thermopiles and 
measured, on a White potentiometer. Great care was taken to free the 
calorimeters from all traces of oxygen. An oil layer was used to prevent 
evaporation from the water surface, which might cause an error otherwise 
of 40 calories, and equal stirring of both calorimeters was ensured, and 
thorough circulation of water through the jacket and cover provided. 
Blank tests without coal showed a greatest variation of 1-1 calories, 
or 0*013 °/</'.of the total heat input, but 3-0% of the reaction heat 
.to be» measured. The heater tubes were of O-47-cm. bore quartz 
-tube, wound to 4 ohms with No. 24 • constantan wire covered with. 
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alundum cement. This type of calorimeter is recommended by the 
author where small heats of reaction are to be determined at relatively 
high temperatures. The limiting temperature is about 650° C., as the 
resistance of constantan wire begins to vary quite widely above this 
temperature. W. C. S. P. 

2998. A Calorimeter for the Electric, Adiabatic Determination of Heats 

of Solution. E. Cohen, A. L. T. Moesveld and W. D. Helderman. 
(Zeits. phys. Chem. 112. pp. 141—149. Sept. 6. 1924.)—A modification 
of the apparatus for determining the specific heat of solutions described 
by Cohen and Moesveld (Zeits. phys. Chem. 95, 305, 1920). The 
principle applied is that previously adopted by them for determining 
the heat of solution of metadinitrobenzol in ethyl acetate (Zeits. phys. 
Chem. 93. 385, 1919). The results obtained in a series of experiments 
are accurate to within about 3 per mil. E. F. 

2999. Heat Capacity of Aqueous Solutions of Hydrochloric Acid and 
Ammonia at Different Temperatures. M. Wrewsky and A. Kaigorodoff. 
(Zeits. phys. Chem. 112. pp. 83-89, Sept. 6, 1924.)—The heat capacity 
of solutions of hydrochloric acid and ammonia at different temperatures 
was determined in a specially designed apparatus. The heating was 
effected by passing an electric current through a glass capillary spiral 
filled with mercury, and the current and voltage were accurately 
measured. Care was taken to avoid loss of hydrochloric acid or ammonia 
by vaporisation during heating. The results show that the specific heat 
decreases as the concentration of hydrochloric acid increases. This holds 
for all temperatures. On the other hand, with ammonia the specific 
heat has a well-marked minimum at a concentration of 25 per cent. 

F. J. B. 

3000. Heat Transfer in Small Pipes. F. C. Blake and W. A. Peters, 

Jr. (Indust, and Engin. Chem. 10. pp. 845-846, Aug., 1924.)—This 
is an account of some tests made on copper and steel pipes of 1 , 0 *’ 
internal diameter through which water was forced at velocities ranging 
from 5 to 20 feet per sec. The water was heated by an electric 
current, using the pipe wall as the resistor. The temperature of the 
pipe wall was measured by means of a copper constantan thermocouple 
soldered thereto. To measure the temperature of the water small holes 
were drilled in the pipe wall about 5 in. apart, opposite the thermo¬ 
couples, and a small thermocouple was inserted in a glass tube fastened 
directly opposite the hole with a split rubber stopper. The holes wero 
sufficiently large to permit enough water to escape to give a fair velocity 
over the thermocouples. The water from the hole near the exit end 
and that discharged by the pipe were measured to give the flow through 
the section between the holes. The external diameter of the copper 
pipe was J' and that of the steel 0-11*. Corrections were made for the 
temperature drop through the pipe wall. The results obtained for tho 
steel pipe do not agree with those given by other observers, but the 
results for the copper pipe are more accurate. W. C. S. P. 

3001. Chemistry of High Temperatures. H. v. Wartenberg. (Zeits. 
Elektrochera. 30. pp. 361-360, Aug., 1924. Paper read before the Deut. 
Bunsen Gcsell., Gottingen, 1924.)—The main features are enumerated 
which come into consideration in conducting high-temperature chemical 
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reactions such as reaction velocities, the application of the van’t Hoff 
isochore, temperature measurements and the nature of refractory 
containers. Methods which have been applied or attempted for measuring 
equilibrium compositions and dissociation pressures include gaseous 
density determinations by the velocity of sound and optically by the 
interferometer and different types of manometers. In some investiga¬ 
tions samples of gas were withdrawn by rapid cooling by the Deville 
hot-cold tube. In a further method for the study of gaseous equilibria 
at temperatures of 2000° C. to 3000° C. a catalyst is placed on an 
electrically heated wire or carbon rod surrounded by a cold containing 
vessel, when the composition of the gas is determined by the equilibrium 
at the temperature of the catalyst. High temperatures and pressures 
have been produced by the explosion of gases such as electrolytic gas, in 
the presence of which a second gaseous reaction has been studied. The 
pressures can be directly measured and the temperatures calculated 
from the heat of reaction and the specific heats. Data are compiled on 
heats of dissociation and equilibrium values at 5000° abs. of a number 
of gaseous molecules and compounds. At temperatures over 3000- 
4000° C. the electron gas becomes stable, and the chemistry of atomic 
combination passes into that of atomic ion-electron combination, and 
the affinity of the free electron is the ruling factor. The temperatures 
at which gases become luminous can be determined from the heat of 
dissociation of the electron, derived, as shown by Saha, from the 
ionisation potential and the estimate of Lenard that luminosity is attended 
by the ionisation of about 0-01 - 1 % of the total gas. Sodium vapour 
becomes luminous at about 2000° abs., while for air at least 4000 -5000 
is necessary. Very high temperatures, up to estimated values of 10.000 , 
are obtained in explosion waves. At the meeting-point of two oppositely 
directed detonation waves still higher temperatures are produced. 

I. N. * • 


3002. Oxides, Metals, and Carbides at High Temperatures. O. Ruff. 
(Zeits. Elektrochem. 30. pp. 350-364. Aug.. 1924. Paper read before 
the Deut. Bunsen Gessel.. Gdttingen, 1924.)—Discrepancies in ear her 
measurements of volatilising temperatures arc referred to. and the 
difficulties attending high-temperature measurements are discussed, in 
the case of oxides, the main difficulties arise from reaction with gases 
or the containing vessel, which is generally ultimately of carbon. This 
interaction particularly applies at high pressures. With most refractory 
oxides, such as magnesia and lime, the m.p. cannot be reached m contact 
with ordinary compressed carbon, on account of the formation of free 
metal which forms directly or by the dissociation of the carbide first 
formed, and then volatilises. Alumina and zircoma are somewhat more 
resistant against attack by carbon. For small scale furnaces tungsten 
foil tubes have been employed as heating material. 

Determinations of volatility are made in the present work by ascer¬ 
taining the loss of weight of the body when exposed for definite intervals 
in an electrically-heated tube, the temperature of which is determined 
optically. The values found for a large number of elements, oxides and 
carbides are tabulated, together with their melting-points. It is shown 
that, in general, an elevation of melting- and boiling-points of a compound 
above those of its components is only possible where a high affinity is 
present, as with oxides of lithium, magnesium, yttrium, and zirconium. 
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The application of a relation of the following form is investigated : 

log p = 0-2184 — ^1 — I-V where A 5 is the heat of volatilisation at the 

boiling-point T,, and p is the vapour pressure* in atmospheres. Graphs 
are plotted to show the relation between log p and 1/T. On extrapolation 
to zero values of 1/T, most of the metals and compounds give a value 
for log p converging to between 5 and 6-5. This corresponds to a value 
of the Trouton constant Aj/T, of 23-30. Marked departures occur, 
however, in the case of the alkaline eafth metals, and the oxides of silicon 
and aluminium. A study is made of the solubility of carbon in iron at 
high temperatures and of the equilibrium in the reaction between lime, 
carbon, and calcium carbide. The state of equilibrium prevents the 
complete elimination of CaO from CaC 2 as ordinarily prepared. A 
eutectic containing 30 % CaO is found to be formed which melts at 
about 1630° C. At pressures below 50 mm. CaC 2 can no longer be obtained 
from CaO and C, as this is below the dissociation pressure of CaC 2 at the 
temperature of reduction. j. N. P. 


3003. Vapour Pressures and Composition of Vapour of Aqueous Solutions 
of Hydrochloric and Hydrobromic Acids at Different Temperatures. M. 
Wrewsky, N. Sawarltzky and L. Scharloff. (Zeits. phys. Chcm. 
112. pp. 97-108, Sept. 6. 1924.)—The vapour pressure and composition 
of the vapour phase of hydrochloric acid and hydrobromic acid was deter¬ 
mined over a range of temperatures. The determinations were made 
by streaming air through the solutions, absorbing the acids in caustic 
soda. The solutions were maintained at a constant temperature in a 
thermostat. The results show a very rapid change in the composition 
of the vapour accompanies a small change in concentration of the solution. 

F. J. B. 

3004. Relative Brightness of Black Body Radiation at the Melting-Points 
of Gold and Platinum. F. Hoffmann. (Zeits. f. Physik, 27. 6-6. pp. 
286-304, 1924. From the Rcichsanstalt.)—If Hj, H 2 are the brightnesses 
of black body radiation for wave-length A at the temperatures Tj, T 2 , then 

log Hj/H, - {1/T, - l/TJt/A 

If the lower temperature T| can be fixed by the gas thermometer, then 
the radiation formula may be employed to obtain higher fixed points 
which are not practicable with the gas thermometer. The author chooses 
the melting-point of Au for the lower temperature, viz. 1063° C., as measured 
by the gas thermometer. He has previously employed this radiation 
method to fix the melting-point of Pd (1657°) [Abstract 110 (1920)], and 
in the present paper the work is extended to the melting-point of Pt. An 
iridium resistance furnace was used as source of radiation, and the bright¬ 
nesses measured by a Kdnig-Martens spectrophotometer in the red, 
yellow and green spectral regions. The furnace contained a fixed iridium- 
ruthenium, iridium thermocouple, and as the temperature of the furnace 
was raised, the thermoelectric force was recorded simultaneously with 
that of a similar couple with a piece of Pt or Au wire separating the 
elements. The furnace was then maintained at the temperature indicated 
by the fixed couple when the circuit of the other couple was broken by 
the melting of the wire. The most probable value of the melting-point 
from all observations is 1771 ± 2° C. The table shows a comparison 
VOL. xxvii. — A. —1924. 




1080 SCIENCE ABSTRACTS. 

of melting-point temperatures by various observers, taking c = 14,300 
and the melting-point of Au as 1063® C. :— 


Holbom and 
Valentiner, 
1907. 


Nemst and 
Warlenberg, 
1906. 


Waidner and 


Hoffman and 
Meissner. 


1063 

1576 

1779 


1063 

1553 

1764 


1063 

1553 

1766 


L. L. 


3005. Physical Foundation of the so-called Reciprocal Theorem. W. 
Jazyna. (Zcits. f. Physik, 27. 4. pp. 254-256, 1924.)—It is a physical 
necessity that for systems which fulfil the condition C 9 =* /(T) the zero 
pressure isobar p = 0 in the S-T diagram coincides with the entropy 
axis T = 0. The equation p = T<f>(u) + fs[v) exhibits a formal analytical 
criterion, and the reciprocal theorem is an essential and the equation 
p = Ta general criterion of the equations of state in question. 

E. H. B. 


3006. The Flow of Compressible Fluids, treated Dimensionally. W. N. 
Bond. (Phys. Soc., Proc. 36. pp. 367-378 ; Disc., 378. Aug.. 1924.) — 
The method of dimensions treatment that is applicable to the pressure 
gradient at a point in a system through which non-compressible fluids of 
finite viscosity are passed is in this paper extended by means of the thermo¬ 
dynamical equations for gas flow to the case where appreciable changes in 
density of the fluid occur, but where no heat passes across the walls of the 
system. The theory is developed in detail only for the case of flow through 
a straight parallel-walled tube. The theory is then tested by means of 
experiments in which water and air at high velocities passed through 
small tubes. The air in some experiments had a velocity of more than 
two-thirds of the velocity of sound in tjie air. The possibility of errors due 
to moisture, pulsating flow, heat conduction through the walls, and 
proximity to the entrance to the tube is considered experimentally and 
by approximate calculation, and the errors are shown to be small in the 
present experiments. An error of moderate amount is, however, found, 
and attributed to the partial neglect of the variation of the variables 
over the transverse section of the tube. The value of the error vanes in 
the way it might be expected to do, and is of the order that is expected 
by other considerations. .AUTHOR. 


3007. Supplement to a Previous Paper : " On the Theory of the Thermo¬ 
dynamic Phase Boundary Potentials .** E. Abel. (Zeits phys. Chem. 
112. p. 206, Sept. 20. 1924.)—The author is indebted to P. Gross for 
pointing out that in § 3 of the above paper [see Abstract 2630 (1924)) bis 
assumption on infinite dilution of a distribution equilibrium resulting 
from the summation of the corresponding separate equilibria need not 
be generally valid. He now emphasises that the conclusions drawn m 
§ 3 arise only in cases where the extrapolation employed is valid. . ' 

•jr, H. H. HQ- 

—.A—.1IVXX .JO / 
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3008. Auditorium Acoustics. F. R. Watson. (Frank. Inst., J. 
198. pp. 73-83, July, 1924.)—To secure satisfactory loudness and an 
acceptable time of reverberation in auditoria of different sizes it is here 
proposed that the average absorption per unit area should be kept constant. 
This leads to two relations that accord closely with conditions found in 
auditoria that are considered satisfactory, viz. that the time of reverbera¬ 
tion should vary with the cube root of the volume, and that the energy 
output of the source for the best results should be proportional to the total 
area of the surfaces in the room. Further experiments on rooms of 
different sizes are desirable. 

The time of reverberation is more important than the loudness, as the 
ear is sensitive over a wide range of intensity. The formula 

t = 0-75 + 0• 375 volume in cu. ft. 

is deduced from a number of data for different halls as giving the acceptable 
time of reverberation in seconds when no audience is present. G. A. S. 

3009. Note on Electrically-maintained Tuning-forks. D. W. Dye. 

(Journ. Sci. Instruments. 1. pp. 340-341, Aug.. 1924.)—Various factors 
affecting the frequency of a tuning-fork, such as the effect of the base 
and want of balance of the prongs, arc discussed, use being made of the 
nodal surfaces or lines in the vibrating system. Author. 

3010. Electrically-maintained Tuning-forks: Some Factors affecting 

Frequency. A. B. Wood. (Journ. Sci. Instruments, 1. pp. 330-339. 
Aug., 1024.)—A brief outline is given of the various factors affecting the 
frequency of electrically-maintained tuning-forks. The importance of 
damping is discussed, and it is shown that the direct effect on frequency is 
negligible, although damping serves as an indicator of other factors which 
affect frequency. In this connection, the relative importance of want- 
of-balancc of the prongs and antinodal vibration of the base arc estimated. 
It is shown in a particular case that the damping of a perfectly balanced 
fork is about 90 per cent, of that of the same fork with the prongs badly 
out of balance. The variation of damping with amplitude, with the load 
on the base of the fork, and the amount due to spring contacts arc also 
examined. It is shown also that the weight of the base of the fork has 
an important influence on the frequency. The general question of reaction 
of external systems on the vibrations of a fork is considered and illustrated 
by mean9 of an electrical analogy, using loosely coupled oscillatory circuits. 
The effect of amplitude on frequency and the influence of spring contacts 
are also discussed, a brief reference being made in conclusion to other 
factors affecting frequency. Aumon. 

3011. Sensitive Flames and Apparent Pressures. C. Barus. (Science. 
•60. pp. 137-138, Aug. 8, 1924. Advance note from a report to the 
Carnegie Inst., Washington.)—By use of an interferometer U-gauge, it 
was sought to observe the acoustic pressure due to vibration of the gas 
within the quill tube, at a fine jet of which the sensitive flame occurred. 
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The flame was very sensitive, but no acoustic pressure could be observed. 
But there were apparent pressures in the flame itself. It is thought this 
may be due to the increased viscosity due to the high temperature of 
the flame. E. H. B. 

3012. Theory of Hearing. H. Hartridge. (Nature, 114. pp. 243-244, 
Aug. 16. 1924.)—The author first expresses his agreement with the letters 
by R. Paget and G. Wilkinson under the above heading (Nature, 114. 
p. 87, July 19, 1924). It seems that, even if E. W. Scripture were right 
in stating that the movements of the vocal cords cannot be analysed, he 
is not justified in concluding that the aerial vibrations thus set up are not 
analysable either. The author believes there is unassailable evidence 
that such a conclusion would be wrong, because all workers in this field, 
from Helmholtz and McKendrick to Miller and Bevier, are in agreement 
as to the success of such analysis. 

It is then pointed out that, in addition to the question of the damping 
coefficient of the ear resonators, raised by G. Wilkinson, two additional 
factors are involved in any attempt to determine the physiological 
behaviour of the ear. namely (1) the least amplitude of vibration of resona¬ 
tors of different pitch which will just cause noticeable stimulation of the 
corresponding hair cells, and (2) the least perceptible difference between the 
amplitudes of the resonators set up by two immediately successive tones 
in other words, the absolute and difference thresholds respectively. 

Finally, the author, also a physiologist, cannot agree with E. w. 
Scripture’s suggestion that the resonance theory is unthinkable to those 
who work with delicate human tissues; neither can the author take 
seriously the proposal that the resonance theory be abandoned ana 
Scripture’s theory substituted. The resonance theory has passedevery 
test to which the author has so far put it. Why. then, think of abandon! g 
it ? It is also regretted that Scripture is not as familiar with resonators 
as he apparently is with delicate human tissues. E. H. a. 

3013. Sound Transmission. L. Gazaud. (Comptes Rendus 179. 

pp. 284-286, Jnly 28. 1924.)—Observations made at L Etoile Station 
near Marseilles, during a series of explosions enabled some <; onclus ‘ 0 " s 
be reached regarding the existence of zones of s.len« v ert, c al‘ransm.ss.on 
is ruled out, and only horizontal transmission in the tro P“P he ' e “"'“ 
into question. It is concluded that the zone of direct a^'t.on araund 
the origin of the sound is of very limited extent, and that the succeeding 
zone is alternately a zone of sound or silence according to the state of 
the sky-that is, according as there is or is not a bank of suitable cloud to 
collect, concentrate, and reflect the sound. W. A. «. 

3014. Sound Transmission. Rothi.Lacoste Bois (Miss) Dammam 

and (Mrs.) H6e. (Comptes Rendus, 179. pp. 339-342, Aug. 4, 1924.) 
The results obtained' on the Mintrop seismometer at Strasburg in connec- 
tion with the La Courtine experiments are given. These indicated complete 
corresDondence between the results of calulation and observation. Th 
speed ofjntopagation found was exactly that of the first waves of nariira. 

quakes, as observed at short distance. W. a. • 


VOL. XXVII.— A.—1924. 



ELECTRICITY AND MAGNETISM. 


1083 


ELECTRICITY AND MAGNETISM. 

THEORY. ELECTROSTATICS. AND ATMOSPHERIC 

ELECTRICITY. 

3015. A Possible Solution of the Maxwell Equations. F. J. v. Wis¬ 

niewski. {Zeits. f. Physik. 27. 2. pp. 102-117. 1924.)—It is shown that 
the Maxwell differential equations for the electromagnetic field of an 
accelerated electron admit of a solution in which the electron emits no 
energy. It is assumed that the dependence of the field on the time is 
expressed only in terms of the coordinates f. rj, £ of the electron. This 
solution corresponds to the electron orbits in the interior of the atom, from 
which, according to Bohr, no energy is radiated. The paper is mathe¬ 
matical throughout. H. N. A. 

3016. Dielectric Properties required for Maxwellian Radiation. A. 
Press. (Phil. Mag. 48. pp. 581-585, Sept., 1924.)—The author shows 
that, quite apart from the two curl equations of Maxwell’s electromagnetic 
theory, general dynamical considerations lead to the conclusion that the 
values of the /x and h coefficients should in all cases be greater in the 
case of zero frequency systems than in the case of radiation manifestations 
such as light and Hertzian waves. Also that when the curl equations are 
taken into account the electrical refractive index should not be expected 
to agree with the optical determinations. This result is in agreement 
with the well-known experimental fact that the dielectric constant deter¬ 
mined by experiments with light waves always comes out smaller than 
when determined by the charged condenser method. 

In view of these results, the author calls attention to the work of 
C. Gutton [see Abstract 1461 (1900)], who found that the electrical refrac¬ 
tive index for ice. for example, decreased progressively with increasing 
wave-length, approaching more and more nearly the value obtained by 
J. A. Fleming for a dry prism of ice when subjected to Hertzian waves. 
As to the self-induction and capacity coefficients in the effective values of 
H and h, our conceptions of these constants must necessarily be altered. 
As for the power factor of an oscillating system, it must always be less 
than 0-6. G. W. de T. 


3017. Generalisation of the Rayleigh Reciprocal Theorem. J. R. Carson. 
(Bell System Tcchn. J. 3. pp. 393-399. July. 1924.)—The theorem was 
stated in the language of electric circuit theory by Rayleigh in Iris Theory 
of Sound, Vol. I, p. 155. The author states it in a form represented by 
the equation 

» n 



where all the e.m.f.’s have the same frequency, and shows it to be dcduciblc 
directly from the network equations under the limitations of the Maxwell 
dynamical theory of quasi-stationary systems or networks. 

The author then discards the special assumption of quasi-stationary 
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systems and starts with the fundamental equations of electromagnetic 
theory, and demonstrates his generalised theorem subject only to the 
limitation that magnetic matter is excluded, i.e. it is assumed that all 
conducting and dielectric media have unit permeability. This limitation is 
required by the method of demonstration, but is not necessary in the case 
of a quasi-stationary system. The generalised theorem : Let a distribu¬ 
tion of impressed periodic electric intensity F' = F'(x, y, z) produce a 
corresponding distribution of current intensity u' = u' ( x , y, z), and 
let a second distribution of equi-periodic impressed electric intensity 
F" = F"(*. y, z) produce a second distribution of current intensity 
u w = u ”(x,y,z), then J(F' • n m )dv = J(F'u')«to, the volume integration 
being extended over all conducting and dielectric media. F and u are 
vectors and (F • ll) denotes their scalar product. 

As an example of the practical value of the generalised theorem it is 
mentioned that it enables the transmitting properties of an antenna system 
to be deduced from its receiving properties. The latter may often be 
deduced quite simply, e.g. the wave antenna, whereas a direct theoretical 
determination of the former presents formidable difficulties. G. W. de T. 

3018. Electron Theory of Aberration and Lorentz Transformations. 
D. N. Mallik. (Phil. Mag. 48. pp. 405-412. Sept., 1924.)—The author 
points out that in the usual development of the electron theory of aberra¬ 
tion, as given by Poincar6 and others, while it enables us to deduce Fresnel's 
drag coefficient, it supplies no clue to the Lorentz transformations as a 
necessary consequence of that theory. Whatever view be taken regarding 
the physical existence of an ether, it must be admitted, in the present 
state of science at any rate, that a moving electron produces a magnetic 
field. If this be granted, it will be justifiable to regard the total energy in 
the Lagrangian sense as made up of that of the electrons themselves 
and that of the field. The author adopted this procedure in a paper 
*' On the Theory of Dispersion ” (sec Abstract 680 (1915)], and, as is shown 
by a general dynamical discussion in the present paper, it leads to the 
Lorentz transformations as the necessary outcome of the electron theory. 
The author makes the observation that, while this method of deriving the 
transformations may appear to be less elegant than some others, it 
seems to have the advantage of showing, so far as it goes, the implied 
dynamical mechanism. Moreover, while the relativistic method is mainly 
kincmatical, here we seem to arrive at the actual source of the light signals. 
In the former paper it was shown that certain terms might be physically 
interpreted as representing rotation, thus according well with various 
elastic solid theories of dispersion. Such a view should fit in with Bohr s 
theory of atomic structure. G. W. DE T. 

30 X 9 . Electrodynamic and Electromagnetic Induction in Moving Con¬ 
tinuous Media. L. Roy. (Comptes Rendus. 178. pp. 2065-2071, June 16, 
1924 )_A further mathematical development of the theorems elabor¬ 

ated in previous papers [see Abstracts 2122 (1922) and 2577 (1924)). 

A. B. C. L. 

•'3020' The Speed of Propagation of Electricity. C. Gutton. (Annales 
des Postes, Tel6. 13. pp. 949-966, Sept. 1924.)—This paper deals 
mainly with the interval of time which elapses between the emission of a 
telegraphic:signal and its reception at the extremity of a long line, and 
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gives a detailed risumioi the investigations made since Fizeau's pioneering 
work in 1850. The current diffusion discovered by Fizeau and Gounelle 
is discussed at length. Kirchhoff's researches on the propagation of 
electricity along wires, and his result of a propagation speed equal to that 
of light, next receive attention. The result only obtains for wires of low 
resistance. Following this comes a brief review of the work of Heaviside 
and Vaschy, whose equations were integrated by Poincare using Bessel 
functions, and led to Kirchhoff's results. Poincare's investigation is then 
discussed. The contributions of Maxwell. Hertz and Blondlot are then 
described, after which are detailed some experiments by the author him¬ 
self for the direct comparison of the speeds of light and of electric waves of 
1 -35 m. wave-length along copper and more resistant wires, using a device 
based on the electro-optical effect of Kerr. Finally. Mercier’s work, 
based on the synchronisation of valve oscillators, is reviewed. The paper 
is descriptive throughout, and should be consulted in its entirety. 

H. H. Ho. 


3021. Some Problems of Two-Dimensional Electrostatics. D. M. 
Wrinch. (Phil. Mag. 48. pp. 692-703. Oct., 1024.) 

3022. The Derivation of Coulomb's Law from Maxwell's Tensions. 

G. Siemens. (Zeits. f. Physik, 27. 2 pp. 118-123, 1924.)—Shows that it 
is possible to start with Maxwell's tension along the lines of force and 
pressure at right angles, and deduce the truth of Coulomb's law for the 
attraction of two charged particles. In the case considered charges of 
opposite sign + q l > — q 2 stand at a distance r in a homogeneous dielectric 
with constant c*. It is assumed that the lines of force which do not pass 
from q x to q 2 end on a sphere of large radius surrounding the points in a 
uniformly distributed charge — (q x — q 2 ). One of the equipotential 
surfaces round q 2 is a sphere. The Maxwell pressure forces over this surface 
are shown to be in equilibrium, and the resultant of the tension forces 
outward from the surface is shown to be P — (l/47rc*)(<7 1 <7 2 /r 2 ). The same 
will be true for any other equipotential surface, and the force P is identical 
with that with which q x and q 2 attract one another, which is thus shown 
to be propagated through the dielectric. H. N. A. 

3023. A Contribution to the Theory of the Condenser Apparatus for the 
Production of the High Potentials for Rdnlgen Requirements. M. Jona. 
(Zeits. techn. Physik, 6. 0. pp. 405-412, 1924.)—The installations of Hull 
and Greinacher are first briefly described, following which comes a detailed 
discussion of certain modifications and improvements employed by the 
author. This includes a method which permits the fall of potential 
occurring in condenser apparatus to be explained and calculated. The 
paper contains copious data illustrated by eight graphs and diagrams. 

H. H. Ho. 

3024. Note on the Capacities of Small Air Condensers. L. Hartshorn. 
(Journ. Sci. Instruments. 1. pp. 305-300. July. 1924.)—The author con¬ 
siders the general case of two conductors in a dielectric medium and applies 
Maxwell's equations for the potentials and charges. It is shown that 
several definitions of capacity are possible, and for any given condenser the 
values of capacity obtained in each case differ, but these differences will 
only be of practical importance in the case of small condensers of 0 -001 mf. 
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and less. If we define the capacity of a condenser as " the quantity of 
negative charge induced on either plate of the condenser when this plate 
is earth connected and the other plate is raised to unit potential,” the value 
so obtained will be independent of the position of the condenser. The 
case of a condenser carrying alternating current is next considered, and it 
is shown that in general the effective capacity depends upon the potential 
distribution and earth effects. The desirability of making the effective 
capacity depend on the geometry of the system and the nature of the 
dielectric only is pointed out, and the conditions necessary for this are 
deduced. Examples of the practical realisation of the conditions are 
given. The importance of these considerations in the case of shielded 
air condensers is indicated. W. C. S. P. 

3025. A Method of Measuring very Small Capacities. L. Hartshorn. 

(Phys. Soc.. Proc. 36. pp. 399-403; Disc., 403-404, Aug., 1924.)—A 
bridge arrangement is described suitable for the measurement of very small 
capacities (of the order of 1 micro-microfarad and less) at telephonic 
frequencies. Means of securing (1) great sensitivity. (2) fineness of 
adjustment, and (3) elimination of capacities to earth and capacities due 
to the presence of connecting leads, are indicated, so that it is possible to 
measure the true intercapacity between any two conductors, eg. the 
electrodes of a thermionic valve. As a test of the method, it is used to 
measure the capacity between two steel balls of 1 cm. radius and at dis¬ 
tances apart of 2 - 25 to 8 cm. Author. 

3026. Rectification with Electrostatic Relay: Contact Detectors. W. 

Kramer. (Zeits. f. Physik, 27. 1. pp. 74-82. 1924.)—Various theories 
have been advanced to explain the action of contact detectors, none of 
which have up to the present met with general acceptance. One theory 
supposed that in contact detectors the electrons can only pass freely in 
one direction at the point of contact, and explains the action as being due 
to the withdrawal of electrons from the metal under the influence of 
powerful electric fields (Abstract 1442 (1923)]. The author has carried 
out experiments with the so-called electrostatic relay of Johnsen and 
Rahbek, using various combinations of materials, and has found that 
with this arrangement rectification effects can be obtained. To obtain 
such effects it is necessary that one of the electrodes should be an electronic 
conductor and the other an ionic conductor, and there must also be an 
electric field between the two. Characteristic curves are given for several 
pairs of substances, and these show a very much greater current in one 
direction than in the other. For example, using agate and iron, the 
current in the direction agate-iron for a p.d. of 8 volts is about fifteen 
times that in the opposite direction for the same voltage. With silver 
and agate the current at 200 volts in the direction agate-silver is about 
twenty-one times that in the opposite direction. The results obtained 
confirm the theory outlined above, and tend to show that this theory 
also holds for the contact detectors ordinarily used in wireless telegraphy 
and telephony. A - 

3027. Terrestrial Electric Field. C. Maurain, E. Salles and G. 
Gibault. (Comptes Rendus, 178. pp. 2112-2114, June 16, 1924.)—At 
the observatory of Val-Joyeux, Villepreux, an apparatus giving a con¬ 
tinuous record of the earth’s electric field has been installed. This is the 
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first of its kind, and is briefly described. The results of the first year's 
working are given in the form of curves and tables. The observations 
do not cover a sufficiently long period for any general conclusions to be 
reached. w - A - R - 


3028. Atmospheric Electric Currents, Normal and Abnormal, and their 
Relation to the Growth of Plants. V. H. Blackman. (Roy. Meteorolog. 
Soc.. J. 50. pp. 197-207. July, 1924.)—A lecture delivered before the 
Royal Meteorological Society giving a brief history of the subject and a 
summary of its present state. There is a probability that the normal 
air-earth current has a slight beneficial effect on the growth of plants, 
but the evidence is not yet conclusive. There is. however, no doubt 
now that larger artificial electrical discharges can be made to produce 
favourable effects. A - &• 


3029. Relations between Atmospherics and Meteorological Phenomena. 
R. Bureau. (Onde £lec. 3. pp. 385-401. Aug.. 1924.)—A lengthy paper, 
in which the subject of '* atmospherics ” is considered primarily from 
the point of view of meteorology and not from that of their intensity 
causing interruption of telegraphic communication. The work of Popoff 
and others in this region of science predates the later study from the 
telegraphic aspects. The author treats of the effect of currents of cool air 
from the polar regions meeting hot air currents from the equatorial regions, 
which do not mix. but slide between each other, and so cause discontinuities 
of humidity and temperature, to which clouds and rain effects arc due, 
and energy transformations, such as cyclones, etc., result. The existence 
of such discontinuities in the atmosphere has been shown by Norwegian 
meteorological work. After dismissing the effects of mountain chains 
upon these air currents, the author gives details of " atmospheric 
measurements carried out by an extensive system of Trench stations at 
different altitudes. Particular instances are given of the relations during 
the passage over the Alps of a clear atmospheric spot surrounded by 
clouds and related to low temperature and also to a case where a mass of 
cold air arrived at the Alps. The connected meteorological measurements 
and " atmospheric " measurements are discussed, and prove the author’s 
view that atmospherics in the temperate regions arc due to masses of air 
moving from the polar regions and forming discontinuities with air masses 
from the equatorial regions. In winter, when these movements are slow, 
the intensity of " atmospherics " is small, but is greatly increased when 
the effects of mountains give rise to added relative movements. I Sec 
Abstract 1135 b (1924).] B. J. L. 


3030. Meteorological Conditions and Atmospherics. R. Bureau and 
A. Viaut. (Comptcs Rendus, 179. pp. 394-397, Aug. 18. 1924.)—In 
previous papers [Abstract 1136 b (1924)) the author has pointed out that 
in winter atmospherics are connected with the arrival of masses of cold 
air. The observations made during the summer have confirmed the 
winter results, and hence it appears that in our latitudes and at all seasons 
of the year (1) atmospherics are invariably connected with the arrival of 
masses of polar air. even when this does not cause cloud formation : (2) 
they arc reduced by the arrival of hot air ; (3) they are strengthened when 
the cold air rises in mountainous regions ; (4) they are also strengthened 
when the cold air invades regions of relatively high solar temperature ; 
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(5) the two latter actions may combine to cause the persistence of atmo¬ 
spherics over long periods. .* A. W. 


DISCHARGE AND OSCILLATIONS. 

3031. Electric Discharge in Gases at Low Pressures. J. J. Thomson. 
(Phil. Mag. 48. pp. 1-33, July. 1924.)—Glasson's experiments [see 
Abstracts 60 (1912) and 948 (1914)) have shown that the direct ionisation 
due to the collision of high-speed kathode-rays is small at the low pressures 
considered. But the rays cause the molecules through which they pass 
to emit a radiation which ionises the gas in the neagtive glow and the 
dark space. The luminosity of the glow is due to the recombination of 
electrons and positive ions, which give rise to radiation capable of 
ionising gases of ionising potential less than that of the neutral atom 
or molecule formed by the combination of the electron and positive ion. 
The author, for reasons given, does not think that the kind of ionisation 
resulting in the detachment of a free electron is often produced by the 
collisions of positive ions in the dark space. The author confirms Aston’s 
expression for the distribution of potential in the dark space, although 
his experiments were made at comparatively high pressures and with 
small p.d.s. An expression is also obtained by the author for the rela¬ 
tion between the thickness of the dark space and the pressure of the gas. 

The conditions in the negative glow seem to be those of thermo¬ 
dynamic equilibrium, i.e. if the gas filling the tube be a compound con¬ 
taining. say. O. H and C atoms in certain proportions; then in the 
negative glow there will be all possible compounds of these elements, 
and these compounds will be in the proportions corresponding to 
thermodynamic equilibrium at a suitable temperature. Stable equili¬ 
brium other than thermodynamic— e.g. mixtures of H and O in the pro¬ 
portion two volumes of H to one of O—will exist at room temperatures 
without chemical combination in the absence of catalysts to lend the 
energy to split the oxygen molecules into atoms. In the negative glow, 
however, energy is stored in various types of radiation and in moving 
electrons, all of which will act as catalysts and maintain the negative 
glow in thermodynamic equilibrium. Numerous experiments by the 
author confirm this. 

Experiments on the character of the ions in the positive column are 
described, and an expression is obtained for the electric force in a uniform 
column free from striae. • • G. W. DE T. 

3032. The Doppler Effect in the Canal Rays of Hydrogen, Oxygen 
and Nitrogen. H. Krefft. (Ann. d. Physik, 75. 1. pp. 75-107,. Aug.. 

1924.)_W. Wien has shown that the neutral hydrogen atom is the 

carrier of the Balmer lines. These lines possess an intensive Doppler 
effect. The experiments of E. Ruchardt [see Abstract 2474 (1923)] 
have shown that the velocity distribution of the neutral and positive 
hydrogen atoms is not equal. In the present paper, after a description of 
the apparatus, the following points are dealt with in connection with 
the Doppler effect: Hydrogen in hydrogen; hydrogen in oxygen and 
nitrogen; comparison with other observations; comparison .of the 
Doppler curve with the particle-number curve of electromagnetic 
analysis; the velocity; distribution of the canal rays;, the addition of 
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oxygen and nitrogen in the discharge space ; the Doppler effect in the 
pencil; the Doppler effect in the spark lines of oxygen and nitrogen. 
The results are shown in both tabular and graphical form. A. E. G. 

3033. Report on the Doppler Effect in Arc and Spark Lines. H. 

Krefft. (Phys. Zeits. 25. pp. 352-366. July 16. 1924.)—The paper 
consists of a discussion of the results obtained with respect to the 
Doppler effect in lines of the spectra of hydrogen, oxygen and nitrogen, 
with particular reference to the variations of the magnitude of the effect 
with the charge on the source of radiation. The effects of variation of 
accelerating potentials, distribution of velocities among the particles, arc 
mentioned, differences in the effects observed in arc and spark lines being 
explained in terms of measurements on homogeneous canal rays. Hence 
a standpoint for the investigation of the origin of spectral lines from the 
Doppler effect is obtained. W. V. M. 

3034. Researches on the Carbon Arc—Vapour Pressure Determinations 

of the Carbon. H. Kohn and M. Guckel. (Zeits. f. Physik, 27. 5-6. 
pp. 305-357, 1924.)—Pajans has investigated [sec Abstract 173 (1921)] 
the heat of sublimation and valency-forces of carbon modifications. It 
is found in the present experiments that the surface brightness, and with 
it the temperature of the positive craters of pure carbon above a 
" normal loading.” reaches a maximum value and retains it with further 
increase in the loading. At atmospheric pressure this Constance is 
observed in the loading range 0*3 to 2-1 amp./mm,* Different varieties 
of pure carbon reach the same ** highest" temperature. The ” highest ” 
temperature has the same value in free air, in an enclosed air-filled 
vessel, in 98% C0 2 , in almost oxygen-free nitrogen, and in 99-5% 
argon. The ionisation ratios in the arc. from the characteristics ascer¬ 
tained, are, in part, very different in the gases examined, in spite of the 
use of pure carbon. The greatest difference, in amount about 50 %, 
in the anode fall occurs between air and argon. The negative carbon 
can also reach the " highest ” temperature of the positive crater, 
but no higher. The results show that the equilibrium temperature of 
the crater is independent of the chemical and electrical activities in the 
arc. The setting up of an equilibrium temperature in the crater is 
proved in the following cases in the pressure intervals named: (1) C0 2 , 
between 0-06 and 5-0 atm.; (2) Air, between 0-00 and 3*2 atm.; 
(3) N 2 and Ar. between 0 06 and 2 0 atm. The '* normal loading ” 
increases with diminishing pressures. A. E. G. 

3035. Calculation of the Potential Drop in the Ionic Stream from 

Glowing Metals. M. v. Laue and N. Sen. (Ann. d. Physik, 75. 2. 
pp. 182-188, Aug.. 1924.)—The equilibrium between a mixture of elec¬ 
trons, ions, and a glowing conductor has already been examined experi¬ 
mentally and thermodynamically [Abstract 1260 (1924)). In the same 
way the potential drop is now evaluated and the numbers calculated for 
K. Na. Pb. and Al. A. C. M. 

3036. Application of the Law of Probability to the Spark. G. Polvanl. 
(N. Ciinento, 1. pp. 217-225, July-Aug.-Sept., 1924.)—If sparks are 
allowed to take place between a point and an indefinite plhne. the prob¬ 
ability that they hit a certain point can be calculated by Gauss' law. In 
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particular, the probability that the spark hits a point comprised in a 
circle of radius r, the centre of which is the projection of the point upon 
the plane, is given by the expression 1 — e- Kift , where K is a constant 
depending upon the conditions of the experiment. 

The experiments for verifying this law were made by using a brenze 
disc covered with black thin paper. The paper with the small holes 
due to the sparks was used to obtain a photograph. By counting the 
number of holes within circles of different radii, K was really found 
constant, as long as r was not too large, to which fact should be attributed 
the difficulty for the spark to jump too large spaces. In particular, the 
product KA, where A is the distance of the point to the plate, was 
found to be constant. E. B. 


3037. Wall-Currents ; Theory of Positive Columns. W. Schottky. 
(Phys. Zeits. 25 . pp. 342 - 348 , July 15 . 1924 .) —The problem is the loss 
of charge by diffusion of the carriers to the walls. Electrons rapidly 
effect discharge and have little time for recombination, but they must 
have a strong tendency to diffusion. The positive ions are heavy com¬ 
pared with the electrons; they diffuse slowly, but are attracted by the 
walls, which have already been reached by the more rapidly moving 
electrons, and there they recombine with the electrons. Ions of both 
signs therefore travel towards the walls in an ambipolar discharge, 
but the ions of opposite signs have different velocities or *' temperatures.” 
Away from the walls and electrodes the number of positive and negative 
charges is practically the same. Given an axial concentration the ambi¬ 
polar diffusion-stream can be computed. It can, however, hardly be 
measured without negatively charging the walls so as to keep back the 
electrons and allow the positive ions only to pass, thereby making the 
discharge unipolar, with a saturation value ; then the number of electrons 
may be reckoned as equal to that of the positive ions, or very nearly so. 
The number of particles ionised is proportional to the axial potential- 
gradient = A(Df/Dz). The concentration of -f and — ions is greatest 
at the axis ; so is the production of new ions. The concentration falls 
off from the axis in the same way as a Bessel function J 0 falls off from 
1 at x = 0 to 0 at x = 2-405. An expression is reached for the 
potential gradient, parallel to the axis of the tube, of the positive columns, 
viz .:— 


DV 

Dz 


•405' 



(v. 

A 


-iV B+ + B_- 


where V, is the ionising potential in volts. B + and B__ are in volts the 
potential equivalents of the " temperatures " of the + and — ions, and 
r is the radius of the tube. This is independent of the current and 
inversely proportional to the radius of the tube (Cf. Claude, Comptes 
Rendus, 168. pp. 692-097. 1914). Discussion of particular cases.— 
The lateral potential gradient in positive columns also considered.— 
Experimental methods. A. D. 

3038. The Electrodeless Ring Discharge. H. Jung. (Ann. d. Physik, 
95. 2. pp. 201-210, Aug., 1924.)—In order to set up the ring discharge 
free ions or electrons are necessary, and these are obtained by radium 
radiations. These are accelerated in an alternating electric field, and so 
attain on their free path length sufficient energy to set up either ionisation 
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or many-fold ionisation of the struck atoms. Which of these degrees 
of excitation is favoured is dependent only on the length of the free 
path and therefore on the pressure of the vapour or gas in the discharge 
vessel. An apparently previously uninvestigated band spectrum of 
Hg is found which, in opposition to the known band spectra of Hg, 
seems to actually belong to a Hg 2 -molecule see also Abstracts 192 
(1918) and 1689 (1922)]. A. E. G. 

3039. The Disappearance of Gas in the Electric Discharge (!'). 

Research Staff of the General Electric Co., London. (Phil. 
Mag. 48. pp. 553-580, Sept., 1924.)—The purpose of these experiments 
is to discover a relation between the rate of absorption of a gas in the 
electric discharge and the rate of ionisation of its molecules. It is 
pointed out that the true electrical absorption, dependent simply on 
ionisation or allied processes, is entangled with other causes of absorption 
and evolution of gas; the main difficulty is to disentangle it. The 
experiments show that in nitrogen and carbon monoxide the rate of 
absorption is proportional to the rate of ionisation and approximately, 
at least, independent of the pressure, the speed of the ionising electrons, 
and the arrangement of the electrodes. It depends very greatly on the 
condition, but not very greatly on the material, of the walls of the 
vessel. The number of molecules disappearing is often greater than the 
number ionised. In argon there is no evidence of an absorption simply 
related to ionisation. In hydrogen the facts are obscure, but it is 
probable that there is an electrical absorption more rapid than in N 2 or 
CO. An attempt is made to explain the facts. In spite of the simple 
relation between absorption and ionisation, it does not seem possible to 
hold that the ions are absorbed. Alternative theories are discussed : 
(1) That monatomic molecules are liberated by ionisation, (2) that 
partially ionised or excited molecules arc absorbed, but both arc open 
to grave objection. The molecules almost certainly arc absorbed by 
reaction with the walls of the vessel, but no suggestion can be made as 
to the nature of the reaction. Some observations, to be completed in a 
later paper, are described on the evolution of gas from glass vessels when 
heated, after they have been submitted to the usual processes of baking 
<luring exhaustion. It appears that there is no definite amount of gas 
that can be evolved by such heating, but rather that an equilibrium 
pressure is established [sec also Abstract 1891 (1924)]. A. E. G. 

3040. The Thermic Equilibrium of Ionisation. E. Fermi. (N. 

Cimcnto. 1. pp. 153-158, May-June, 1924.)—Saha has proposed a theory 
of ionisation of gases as a temperature effect in which the transformation 
of a neutral atom into a positive ion and an electron is considered as an 
ordinary chemical reaction of dissociation. As a result of the discussion 
put forward in the present paper it is concluded that the correction 
brought to the formula of Saha, by taking count of the equilibrium of 
all levels of energy of the atom, is, generally speaking, very small. The 
greater differences occur with the alkaline metals and for the higher 
temperatures. A. E. G. 

3041. Thermionic Emission from Systems with Multiple Thresholds. 
O. W. Richardson. (Phys. Soc., Proc. 36. pp. 383-398 ; Disc., 398. 
Aug., 1924.)—In the introductory part of this paper reasons are given 
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why it is necessary at the present time to face the question of the con¬ 
nection between thermionic emission and the internal electron levels 
of the emitting substance. The theoretical problem is attacked from 
three different points of view, namely, (a) classical statistical mechanics, 
(6) chemical dynamics, and (c) the laws of photoelectric action. As a 
result of this discussion it seems possible to exclude certain alternatives 
which might otherwise have appeared not improbable and to formulate 
a set of rules governing the fundamental phenomena which are not in 
conflict either with the known facts or with any well-recognised relevant 
principle. Author. 

3042. Variation of Temperature and of Electronic Emission from a 

Tungsten Filament made Incandescent by Alternating Current. M. Paris. 
(Elettrotecnica, 11. pp. 673-677, Sept. 25, 1924.)—This paper is divided 
into two main sections: (1) Measurements with continuous currents, 
(2) measurements with alternating currents. Diagrams of the circuits 
employed in each case are given, and the results obtained are shown in 
a series of graphs. A. E. G. 

3043. Active Modification of Nitrogen. M. N. Saha and N. K. Sur. 
(Phil. Mag. 48. pp. 421-428, Sept., 1924).—It is sought to show that 
almost all of the observations recorded by Rayleigh on the afterglow 
and chemical and spectral activities produced in nitrogen gas by the 
action of a condensed spark discharge can be explained on the basis of 
Klein and Rosseland's theory of inelastic collision of the second type. 

A. B. C. L. 


3044. Some Cases of Polymorphic Transformation Energies. A. Hare. 
(Phil. Mag. 48. pp. 412-421, Sept.. 1924.)—Experimental work is 
described having for its object the determination of the transformation 
energies of substances showing luminescent properties when bombarded 
with kathode-rays. An exceptional non-immediately reversible trans¬ 
formation is noted in the case of sodium molybdate, the conditions of 
recovery of which are specially studied. A. B. C. L. 


3045. Harmonic and Multiple Synchronisation. J. Mercier. (J. de 
Physique et le Radium, 5. pp. 168-170, June. 1924 .)—The subject is 
divided into two sections: I. The application to a new method of 
determining the period of electrical oscillations of high and of very high 
frequency; II. Application to the determination of the velocity of 
propagation of electromagnetic waves along wire conductors. The 
precision of the measurements described shows that the phenomena of 
stationary waves along two parallel wires, which until now have 
appeared very simple, is, in reality, extremely complex, and that there 
are numerous difficulties in the study of short waves. The influence of 
lack of symmetry in the experimental arrangements is shown. The 
perturbations in the distribution of stationary waves along the wires 
and perturbations resulting from the presence of exterior objects is also 
considered. The determination of the velocity of propagation of electro¬ 
magnetic waves along the wires has been carried out with an accuracy 
of 1/10,000, i.e. within an error of less than 30 km. per sec. The 
influence upon this velocity of the diameter and distance of the wires 
has been established. • A theoretical calculation is made of this same 
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velocity starting from constants of the wires, which give results quite in 
accord with experimental results. It is by these means found that the 
velocity in air is 299,700 km. per sec. The method here described is 
contrasted with the English method, and it is claimed that the 
advantages lie with the former [see also Abstract 1374 (1922)]. A. E. G. 

3046. Electron Emission excited by a-Rays. A. Becker. (Ann. d. 

Physik, 75. 3. pp. 217-275. Sept.. 1924.)—In an earlier work the author 
[see Abstract 135 (1920)] has made a comparison between the photo¬ 
electric and thermal emission of ions; an exact parallelism was also then 
established between photoelectric and thermal electron emission. In 
the present paper the electron emission due to the action of a-rays is 
considered. Diagrams of the apparatus used are given, and the results 
obtained are shown in both graphical and tabular form. In very high 
vacua the quantity of electrons set free by a-rays from the metals 
aluminium, silver and gold show to a first approximation no dependence 
on the nature of the metal and on the direction of the rays. The 
quantity of electrons emitted depends on the velocity of the a-rays in 
the same manner as with gases. It amounts to about 10 per a-particlc 
for a velocity of the latter of 1-5 X 10® cm./sec. The absolute value 
of the velocity of the electrons is independent not only of the nature of the 
metals and the emission direction, but also of the velocity of the exciting 
a-rays. The most probable value lies in the neighbourhood of 2 volts. 
Whether the number of electrons with greater velocities fall asymptoti¬ 
cally to nil, or whether there is a certain limiting value of the velocity, 
cannot be stated with certainty. A. E. G. 

ELECTRICAL PROPERTIES AND INSTRUMENTS. 

3047. Relation between Tensile Strength and Electrical Resistivity of 
Commercially Pure Copper. W. E. Alkins. (Inst, of Metals, J. 31. 1. 
pp. 157-101 ; Corres., 162-103. 1924.)—The relationship between the 
electrical resistivity and tensile strength of copper wire, when the latter 
is raised by drawing, is studied, and it is found that for tensile strengths 
above 20 tons per sq. inch the relationship is practically a linear one. 

J. L. H. 

3048. The Photoelectric Effect and Temperature. M. Curie. 
(Comptes Rcndus, 179. pp. 105-108, July 10. 1924.)— Particulars arc 
given of the variation in magnitude of the photoelectric effect exhibited 
at temperatures ranging from 0° to 400° C. by various substances— 
calcium sulphide, fluorspar, zinc sulphide and cadmium sulphide—con¬ 
taining phosphorogenic impurities. (See also Abstract 2491 (1924).] 

J. S. G. T. 

3049. The Variation in the Resistance of Carbon and Graphite with 
Temperature. B. Noyes, Jr. (Phys. Rev. 24. pp. 190-199, Aug., 
1924.)—Measurements have been made up to 2000° C. and down to 

190° C. At high temperatures the specimen was heated by passing a 
current through it in vacuo, the temperature being measured optically. 
Untreated carbon filaments made from braided silk decreased linearly 
with temperature; the ratio to the resistance at room temperature was 
1.07-0-000226T, where T is the absolute temperature. A metallised 
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filament and Acheson graphite showed a minimum resistance (at 
400° C. and 600° C. respectively). H. N. A. 

3050. Dielectric Constants. P. Walden and O. Werner. (Zeits. 
phys. Chem. 111. pp. 465-471, Aug. 25. 1924.)—By a resonance method, 
using waves of 4J m. length, the dielectric constants of chlorinated 
paraffins and olefines have been measured. There was a considerable 
difference between the constants of the two stereoisomer of dichlor- 
cthylene. There is a parallelism with the tendency to ionisation (coloured 
ions) and a proportionality between the solubilities and the dielectric 
constants. A. D. 


3051. The Conductance of Solid Salts at Elevated Temperatures. 
P. Vaillant. (Comptes Rendus, 179. pp. 530-532, Sept. 15, 1924.)— 
The author continues his previous observations [Abstract 631 (1924)), 
and finds analogous maxima and minima in conductance using such 
salts as NaCl, KSO. KC1, verifying his observation of two types of 
conduction. w * v * M - 


3052. Electrical Conductivities of Mixtures of Aniline, Acetic Acid 
and Water. J. R. Pound. (Chem. Soc., J. 125. pp. 1560-1564, Aug., 
1924.)—The electrical conductivity of mixtures obtained by adding 
aniline to aqueous solutions of acetic acid of various strengths shows 
that the best conducting mixtures are obtained by adding small amounts 
of aniline to solutions of low acid content. These correspond in general 
to mixtures of greatest contraction and viscosity (see Chem. Soc., J. 125. 
p. 769, 1924). As a result of these investigations it is concluded that 
ternary mixtures in which complex formation is developed are mixtures 
of good conductivity, the more aqueous mixtures being 
conductors. 


the better 
B. W. C. 


3053. On the Relation between Metal Contact Potentials and the Peltier 

Effect. J. A. V. Butler. (Phil. Mag. 48. pp. 746-752. Oct., 1924.)— 
In this paper the statistical theory of metal boundary potentials is 
developed and an equation giving the relation between the thermionic 
work functions of metals and the corresponding contact p.d.’s is 
obtained. The Peltier heat effect at the junction of two metals is 
accounted for, and the various equations of the thermoelectric effect in 
a circuit of two metals with junctions at different temperatures are com¬ 
pletely coordinated. On certain assumptions these equations lead to 
the conclusion that the Thomson p.d. is the same for the same 
difference of temperature in all conductors. H. H. Ho. 

3054. Some Electro-Mechanic Applications of Arc Relays with Exterior 

Sheath. L. Dunoyer and P. Toulon. (Comptes Rendus. 179. pp. 386- 
389 Aug. 18, 1924.)—An extension of the work is described in a previous 
paper [see Abstract 2837 (1924)] and in the next abstract. A. E. G. 

3055. Some Electro-Optical Applications of the Arc Relay. D. 
Dunoyer and P. Toulon. (Comptes Rendus. 179. pp. 461-464, Sept. 1, 

1924 .)_In a previous paper [see Abstract 2837 (1924)] the authors have 

described a remarkable property of the positive column of the mercury 
arc and the influence of exterior sheaths. In the present paper the 
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results there described are extended to the following applications : 
(a) Optical signalling; (6) optically directed radiophony ; (<) registra¬ 
tion and reproduction of speech; ( d ) telephotograph and television; 
( e) optical reception of radio-electric signals. A. E. G. 

3056. Measurement of Very Small Alternating Potential Differences 

with an Electrometer. C.Gutton and G. Laville. (Comptes Rendus, 179. 
pp. 392-394, Aug. 18, 1924.)—The needle of the electrometer is a 
rectangular strip of aluminium paper, the ends of which are bent at right 
angles in opposite directions. It is suspended by a quartz filament about 
3 microns in diameter, and carries a small mirror. In the equilibrium 
position the bent back ends of the needle are inclined to the fixed plates ; 
and when there is a difference of potential between the latter the needle 
turns, so that its end planes tend to become parallel to the fixed plates. 
The instrument has a very stable zero, but very large damping ; it is 
calibrated at 50 alternations, and is used at 896. The measurement of 
the apparent resistance and inductance of a Brunet telephone receiver, 
with 1890 ohmic resistance, is described ; also of a repeating coil and 
of the secondary of the induction coil of a telephone. H. N. A. 

3057. A Convenient Photoelectric Photometer and Densitometer. 

E. A. Baker. (Journ. Sci. Instruments. 1. pp. 345-347, Aug., 1924.)— 
A short-period electrometer is described which has an exceptionally 
long scale and gives readings proportional to the ratio of two potentials. 
It is applied in the construction of a photoelectric photometer and a 
photoelectric densitometer, both instruments being independent of 
battery variations. # Author. 

3058. A Revolving Mirror for Use with the String Galvanometer. A. 

Forbes and D. W. Mann. (Optical Soc. of America. J. and Rev. Sci. 
Inst. 8. pp. 807-816, June, 1924.)—The usual method of observing results 
with a string galvanometer is photographic recording, but for some pur¬ 
poses it is highly desirable to observe the excursions of the string as they 
occur. In particular this need is felt in the case of many researches in 
nerve physiology, and the authors describe an optical scheme involving 
a revolving mirror whereby this may be carried out. Examples of records 
obtained of action currents in nerves are given. W. V. M. 

3059. The Capacities of Electron Tubes. E. Schrader. (Zeits. f. 

Hochfrequcnztechn. 24. 2. pp. 27-38, 1924.)—The subject is dealt with 
under the following heads : Calculation of the probable tube capacity 
from the tube data according to H. G. Moller ; the apparatus ; the 
measurements ; the comparison of formula with experimental results ; 
the use of the results obtained in a practical case ; difficulties in the 
graduation of the new measuring apparatus; measurements on the 
high-frequency intensifies. A. E. G. 

ALTERNATING CURRENTS AND MAGNETISM. 

3060. The Field at a Great Distance produced by a High-T'reauency 
Current in a Straight Conductor. J. Bethenod. (Rev. G6n. d'EI. 16. 
pp. 461-452, Sept. 20, 1924.)—In a conductor AA' of length l there are 
two waves, one of amplitude A, which at a given instant is moving from 
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A' to A, and a second of amplitude B, moving from A to A'. <f> is the 
phase difference at the central point O of the conductor between the two 
waves. It is shown that at a distant point on a line making the angle 
0 with OA the real amplitude of the field H, due to the combined action 
of the two waves, is :— 

H = Vh ' 2 + H' 2 + 2H'H' cos <j) 
where H' = AA sin 0 sin {(1 — cos 0)7 t/A}/7t( 1 — cos 6) 

H" — BA sin 0 sin {(1 — cos 0)7r/A}/7r(l + cos 6) 

The assumption is that the field in the direction 6 at a very great dis¬ 
tance, due to an element of the conductor at O, produced by the first 
wave, is of the form A sin Oe'^dx. The formula are employed to solve 
the two cases where there is a loop and where there is a node at O. 

H. N. A. 


3061. Relations between the Anomalies of Terrestrial Magnetism and 
those of Gravity. P. Lasareff. (J. de Physique et le Radium, 6. 
pp. 191-192, June, 1924.)—This is a mathematical paper based on the 
assumption that the bed which is the cause of the anomalies of 
magnetism and gravity has the form of an infinite prism, having for 
section a parallelogram of which one side is infinitely small in comparison 
with the other. [See also Abstract 1300 (1924).] A. E. G. 


3062. Gravity Anomaly, Koursk, Central Russia. P. Lasareff. 
(Comptes Rendus. 178. pp. 2186-2187. June 23. 1924.)—A gravity 
anomaly found at Koursk has been shown to be due to a buried mass 
of magnetite which has been explored [Abstract 2163 (1924)]. Calcula¬ 
tions now made show that this mass is competent to account for the 
anomaly in question. 


3063. Magnetism during Solar Eclipse, 1923. J. P. Ault. (Terrest. 

Magn. 29. p. 72, June. 1924.)—A brief account of the examination ol 
the magnetic data obtained during the solar eclipse of September, ma, 
confirms previous indications that the disturbance effects are appreciably 
modified bv altitude. . The effect on the horizontal and vertical intensi¬ 
ties at the five observatories, if present, was quite small. [See Abstracts 
2162 and 2696 (1924).] W - A ’ 

3064. On the Accumulation of Data on Local Magnetic Disturbances 
and on the Methodology of their Reduction B. Weinberg. (Tejwt. 
Magn. 29. pp. 80-84. June. 1924.)-Outlmes a method of studying 
** local magnetic disturbances," at the same time endeavouring to give 
precision to the meaning of the term, and also appeals for cooperation. 


3065. Twenlv-seven-Day period ( Interval) in Terrestrial Magnetic 
Disturbance. A. L. Cortie. (Roy. Soc., Proc. 106. pp. 19-32, July 1, 
J 924 )_The author claims to show by this research that the existence 
of a 27 -day period or interval in a series of magnetic disturbances is 
connected with a restricted area of solar disturbance and not with a 
periodic disturbed condition of the whole solar surface—a question raised 
by Chree [see Abstract 89 (1923)]. The treatment is not a statistical 
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one, but consists of an examination of individual terrestrial magnetic 
and solar conditions during the years 1921, 1922 and part of 1923, this 
period being chosen as being a time of low sunspot frequency and low 
sunspot latitude, and therefore conducive to the development of the 
27-day interval (see Chree. loc cit.). It was found to be marked by 
two long series of magnetic disturbances, each at intervals of 27 days, 
one from May 12, 1921, to April 13. 1923, and the other from Oct. 27, 
1921, to July 11, 1923. while sunspots were confined to two well-marked 
patches of recurrent disturbance. These are discussed in detail and 
related, the one magnetic series to one patch of disturbance and the 
other to the other, the main support being found in agreement between 
the position on the sun of the disturbed areas and coordinates derived 
from the magnetic series, a mean solar latitude from the magnetic 
sequence intervals and a mean solar longitude from the longitudes of the 
sun's central meridian on the days of magnetic disturbances. 

Other results given comprise that in each magnetic scries the most 
active disturbance synchronised with solar calm, and that magnetic 
disturbances with 27-day interval persist even when the sunspots have 
disappeared. The flocculi and facuke which remain when the accom¬ 
panying sunspots have disappeared are an evidence of the maintenance 
of the activity of the region. M. A. G. 

3066. Position of the Lines of Xo Secular Variation of Magnetic 
Declination in Siberia for Different Epochs. B. Weinberg. (Terrcst. 
Magn. 29. pp. 73-79. June. 1924.)—R. Abels has called attention to the 
westward movement of the line of no secular variation of magnetic 
declination in Siberia during the period 1900-1919 [sec Abstract 380(1923)]. 
The present paper confirms this result, using supplementary data, and then 
deals with conditions during an earlier period. It appears that there 
was also a westward movement during the nineteenth century, but at a 
much slower rate (about 0 - 2 ° a year), and that the more rapid move¬ 
ment did not commence until the beginning of the twentieth century. 

M. A. G. 


RADIOGRAPHY AND ELECTRO-PHYSIOLOGY. 

3067. The Protection of the Pathologist. P. Angebaud. (Arch, d’lll. 
Medicale, 32. pp. 270-272. Sept., 1924.)—-The dangers of stray radiation 
arc discussed in a general manner. Means of cutting off this undesired 
radiation at the source ( i.e . tube) are described, and the limitation 
is due to constructional difficulties with the thicknesses of protective 
material required. The author then describes a protective material 
in which barium saltsare glued between veneer—or, better, muslin—which 
allows a greater equivalent protection to be obtained for a given thickness. 
As an adhesive material the silicates of sodium or potassium can also be 
used. These, when dried, give a very hard protective material which can 
be produced in the form of bricks. Ib J. L. 
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3068. Gas-Liquid Bounding Surfaces. A. Frumkin. ' (Zeits. phys. 
Chem. 111. pp. 190-210, Aug. 5, 1924.)—The adsorption of capillar-active 
substances on an air-water bounding surface is associated with the pro¬ 
duction of a definite p.d. at the surface. The results can be explained if 
we admit with Langmuir and Harkins that the adsorbed molecules are 
orientated by the surface forces and also that the combinations CO, CC1, 
CN have a definite polarity (C positive ; O. Cl and N negative) and that 
the combination CC has no polarity. A. D. 


3069. The Electrical Nature of Adsorption Forces. W. Tarassoff. 
(Phys. Zeits. 25. pp. 369-374. Aug. 1. 1924.)—Adsorption is regarded as due 

to the operation of electrostatic forces, and the expression Q =* A^l - 

is derived for the magnitude of the heat effect Q, € being the dielectric 
constant of the adsorbed gas. A is an expression involving the electro¬ 
static effect. From this, by using the Lorcntz-Lorenz relationship, the 


expression 



% -- is obtained, connecting the heats of adsorption 

«o - 1 ' . 


of any two gases with their dielectric constants. This necessitates a linear 
relationship between these two properties, which is shown to exist when 
the figures of Homfray and Tiloff arc plotted graphically. A further 
development of this equation shows that Qu? - constant where. v p is 
the ionisation potential of the gas. A slight modification of these equations 
is shown to apply to the adsorption of liquids by powders insoluble in the 
liquids. From this it is deduced that if a mixture of liquids is exposed 
to an adsorbing material the liquid with the greatest dielectric constant 
will be adsorbed first. This is illustrated by experiments with petroleum, 
the dielectric constant increasing with the density of the hydrocarbon, and 
the compound of greater density always being adsorbed, in, for example, 
the case of filtration. The relationship between the factors discussed 
above and the surface energy of solid bodies is arrived at. quantitative 
examples being worked out. Comparison is made with the work of 
B. Iliin [see Abstract 2848 (1924)]. B. W. C. 


; 3070. Electronic Theory of Valency. Part IV Origin of Acidity. 

T. M. Lowry. (Faraday Soc. Trans. 19. pp. 485-487, Nov. 1923. 
Phil Mag 47. pp. 1021-1024. May. 1924.)—Various suggestions already 
made [Abstract 338 (1924)) as to the nature of acids and the^origin of 
acidity are here united to form a definite hypothesis. The definition of 
an acid as a hydride from which a proton can be detached— e.g. on dissolu¬ 
tion in an ionising solvent, on electrolysis, or by displacement by a metallic 
ion—is retained, and reasons are advanced against any restriction or 
widening of this definition. 

The increasing acidity of the hydrides from CH 4 to FH or from biH 4 
to C1H is attributed to a progressive diminution in the size of the orbits of 
the electrons by which the protons are linked to the central nucleus. 
The suggestion is made that acylous atoms such as chlorine tend to 
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diminish the size of the orbits of electrons which they share with another 
atom, and that this effect can be transmitted to other orbits of the same 
quantum number in the latter atom. In this way the transmission of 
acidity through a chain of atoms can be interpreted by means of a dynamic 
instead of a static model. Conversely, basylous groups must expand the 
orbits of electrons which they share with other atoms. From this point 
of view an unsubstituted hydrocarbon chain should act as a neutral 
radicle in carboxylic acids, since orbits shared by two carbon atoms will 
be of normal dimensions. Hydrogen directly attached to an atom of 
sulphur, phosphorus, etc., is more acylous than an alkyl radicle because 
it allows for a greater contraction of the orbits, but even a proton is less 
acylous than the “ lone pairs " of electrons in acids such as FH and C1H, 
since contraction is probably at a maximum in orbits which are entirely 
unshared. T. H. P. 

3071. Influence of Temperature and Concentration on the Surface 
Activity of Solutions. P. Rehbinder. (Zeits. phys. Chem. 111. pp. 447- 
464. Aug. 25. 1924.)—The surface activity G of a solution is measured 
by the diminution in the surface tension a corresponding to the increase 
in the concentration c of the solute, so that — oa/oc — G(c. 1). The 
surface tension of a liquid can be measured by determining the weight 
of the drops, by the capillary rise and by the bursting pressure of the 
air bubbles formed in the liquid. In the case of solutions, as distinct 
from pure liquids, the author finds that the most reliable method for 
the determination of the maximum bubble pressure is that proposed by 
Zickendraht and Feustcl. A glass tube (3 mm. in diameter) is drawn out 
to a fine capillary point, the edges of which must be left sharp; they 
should not be rounded off with a gas flame. The point of the tube is 
lowered into the liquid by means of a micrometer screw, and air from a 
gas-holder is forced through. The liquids investigated between 0 and 
100° are aqueous solutions of five fatty acids (C s to C 7 ) and their tetra- 
alkylammonium chlorides. When the G arc plotted against the tem¬ 
peratures, the curve is a straight line only for inactive or faintly active 
substances; otherwise the activity steadily decreases, or increases first 
to a maximum (between 10° and 40°) as the temperature is raised. The 
adsorption of gases conforms to the formul.e of both Ilian and of Euckcn ; 
for the activities the I lain formula has to be used. The dilution law of 
Szyszkowsky and the law of Duclaux-Traubc are confirmed. In the 
case of the chlorides the surface layers absorb both the ions and the 
undissociatcd substance. *** 

3072. The Applicability of Deers Law to Copper Sulphate Solutions. 
R. Mecke and H. Ley. (Zeits. phys. Chem. 111. pp. 385-397, Aug. 25, 
1924.)—The molar extinction of light h in solutions of different concentra¬ 
tion was determined for different wave-lengths. For wave-lengths from 
about 2910 A. downwards the curves showing the relation between h and A 
do not coincide for the different concentrations employed, the value of 
k commencing to shoot up sooner, i.e. for larger wave-lengths with high 
concentrations than for smaller ones, in all cases becoming very large 
for short wave-lengths. For wave-lengths between 6000 A. and 6400 A., on 
the other hand, k alters very little with the concentration ; and the same 
is true in the infra-red. where it has a pronounced maximum value at 
A « 0-813 p. Copper chloride, on the other hand, shows marked devia- 
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lions from Beer's law, both in the visible part of the spectrum and the 
infra-red as well as in the ultra-violet. When very dilute the absorption 
spectrum of the chloride approaches that of the sulphate ; it seems that 
at these high dilutions the colour is due to the ion Cu++, while with greater 
concentrations various hydrated and auto-complex ions are formed 
which have a different colour. It is suggested that, in concentrated 
CuS0 4 solutions, besides cathions, suchas [Cu4H 2 0] + + , there are a certain 
number of anions containing copper, such as [(S0 4 ) 2 Cu]“-, this being 
probably hydrated to [(S0 4 ) 2 Cu(H 2 0)] —. The remarkable optical 
constancy in the red is explained by supposing that here the complex 
anions and cathions absorb equally, which is not the case with CuCl 2 . 
Apparently there are also complexes in solutions of CuS0 4 in strong 
sulphuric acid, though here the relationships are not so simple. The 
addition of H 2 S0 4 diminishes the absorption in the visible part of the 
spectrum, which clearly depends on dehydration. Crystallised water-free 

CuSO. is colourless. " , . .. . .. 

Faians has suggested that the ion Cu + + is colourless in itself, and that 
the blue colour is due to a deformation of the electronic envelope of the 
water of hydration, caused by the close approach of the cathion. Weigcrt 
has come to the conclusion that the quantum theory makes it possible 
that deviations from Beer's law may be produced when the particles come 
very close together. A * 


3073. Condition of Hydrogen dissolved in Platinum. K. Bennewitz 
and P. Glinther. (Zeits. phys. Chcm. 111. pp. 257-268, Aug. 5. 1924.) 
That hydrogen dissolved in platinum is dissociated into atoms was almost 
certainly proved by Sieverts and Jurisch (1912) by the observation that 
the solubility of the gas in the metal is proportional to the square root 
of the pressure, and Richardson's results (Abstract 1219 (1904)] indicate 
that the hydrogen atom is present in the platinum as positive ion separate 

from the negative electron. ... , AnA K , r 

The presence of hydrogen molecules in the metal is also excluded > 
consideration of the matter in accordance with Bol ‘ r f, re P r f sentat .7“ 
of atomic structure. In consequence of the strong fields between 
platinum atoms, expressed in the cohesion and in the high heat of sublima¬ 
tion of platinum, the paths of the electron round the hydrogen nucleus 
must differ so greatly from the Bohr paths that the assignation of a definite 
nucleus to a definite electron in the sense of the Bohr model is scarcely 

P ° S The authors’ experiments deal with measurement of the electrical 
resistance of the platinum charged with hydrogen. When subjected to 
prolonged heating, platinum itself shows a diminution in resistance, owing 
to recrystallisation. This change in resistance proceeds only until a 
certain minimum value is reached, and at higher temperatures is outstripped 
by the influence of the dissolved hydrogen, which causes marked increase 
in the resistance. 

3074 The Theory of Debye applied to the Dilution and Partition Coeffi¬ 
cients of Strong Electrolytes. P. Gross and O. Halpem. (Phys. Zeits. 25. 
pp 393-397. Aug. 15. 1924.)—The chief features of the theory considered 
are: (1) Strong electrolytes are completely dissociated in solution ; (2) the 
observed deviations from the classical theory for dilute solutions are 
caused by electrical interionic forces [see Abstract 2541 (1923)]. Strong 
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electrolytes are not necessarily completely dissociated in solvents other 
than water; experiments show that the dissociation diminishes with 
decreasing values of the dielectric constant, while at the same time the 
interionic forces will increase. The influence of the various factors is 

a?cfa* 

discussed mathematically and the expression is derived K = ^ __ a 


where a = fraction dissociated, c = concentration of solution in mols. per 
litre, k = Debye's dissociation constant. f a = activity coefficient of ions, 
which is calculated from the valency, the dielectric constant, the ionic 
radius, and the absolute temperature by a method worked out by Debye. 
This expression is developed for the cases of complete dissociation, medium 
dissociation and small dissociation by the summation of convergent 
series, so that the true dissociation constant of a strong electrolyte can 
readily be calculated. It is indicated that a similar method of treatment 
may be applied to conductivity and osmotic pressure phenomena. In 
the case of partition between two solvents, for the undissociated portion 

f » , . 

of the electrolyte the relation = K, holds, »u and m x being mole¬ 

st 

cular weights. Much of the existing experimental data cannot be used 
to test these conclusions, since cither the electrolytes used are too weak, 
the concentration too great, or the solvents used arc themselves miscible. 
A series of experiments with picric acid in water and benzene, water and 
chloroform and water and toluol satisfy these requirements, however, and 
the calculated values for the ratio K/k = dissociation constant/partition 
constant show only small variations from an average value in each case. 

B. W. C. 


3075. The Electrolytic Theory of Corrosion. W. D. Bancroft. (J. 

Phys. Chcm. 28. pp. 785-871. Aug.. 1024.)—The electrolytic theory of 
corrosion is formulated and its application to a number of special cases 
discussed. The conclusions of Dengough and Stuart [Abstract 12001* 
1 ( 1028 )) are criticised. T. H P. 

3076. The Kinetics of Gelatinisation. R. Reiger. (Kolloidchcm. 
Beiheftc, 19. pp. 381-440. Sept., 1024.)—The progress of gelatinisation of 
gelatine solutions is measured by the change with time of the viscosity, 
elasticity and the rotation of the plane of polarisation. The possible 
determining factors of gelatinisation may be attributed, in view of its 
optical activity, to either electrolytic dissociation, the formation or decom¬ 
position of molecular aggregates, the presence of highly polymerised or 
crystal molecules in the solution,* hydration, or hydrolysis. An irre¬ 
versible decrease of viscosity, optical activity and gclantinising power 
occurs on heating gelatine solutions above 70° C., and is to be attributed 
to hydrolysis giving ^-gelatine. It is considered that the main cause, of 
the successive changes is the formation of molecular aggregates, which 
undergo a certain degree of hydration. In analogy with the change from 
polysaccharides to sugars a progressive breakdown of the aggregates occurs 
by hydrolysis, and is accompanied by a gradual disappearance of the col¬ 
loidal nature, of the compound. 

At a temperature of 25° C. the change of activity with time is given 
by a graph, in which three breaks can be recognised, and consists of a scries 
of three intersecting curves of short but varying radii, thus indicating 
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discontinuities in the relation. This relation is made more prominent 
by plotting daldl against a, where a is the activity, when three rectilinear 
curves of different slopes are obtained. It is concluded that gelatin- 
isation is determined by a series of molecular changes, which proceed 
in separate steps, as G 0 ^ G l ^ G 2 ^ ^ . . . G„. Each stage 
proceeds as an exponential or monomolecular reaction. The problem 
is next attacked by determinations of viscosity and its change with 
time. It is found that the viscosity values vary very much with the 
rate of shear. Measurements are made of the rate of flow through a 
capillary tube at a limiting high velocity. The graph giving the change 
with time shows a similar series of breaks to those observed with the 
polarisation measurements. Determinations are finally made of the 
time variations in the modulus of elasticity. Changes in the sol form 
cannot be so well traced by this method, but in the later stages or gel form 
variations in the elasticity can be followed when measurements by the 
two former methods can no longer be applied. By plotting dx/dl against 
* where x is the elasticity, the resulting graph consists of four straight 
lines of different slopes, the first one corresponding to the third stage 
identified by the viscosity and polarisation measurements. In this way, 
it is considered that six distinct monomolecular reactions are made 
evident in the progress of gelatinisation. 

A number of further measurements are made of the addition of different 
salts, bases, and acids on the progress of gelatinisation, and a comparison 
is made of the general data obtained with the behaviour of a number of 
other colloids. J. N. P. 

3077. Variations of the Insulating Power of Gels of Acrolein according 

to the Degree of Condensation. Comparison with Variations of Density. 
C. Moureu, C. Dufraisse, L. Tampier and P. Gailliot. (J. dc Physique 
et le Radium. 5. pp. 161-167. June. 1924.)—In the course of some recent 
chemical researches upon acrolein two of the present authors have observed 
that a scries of reagents, acting as catalysers. had the property of trans- 
forming that substance little by little into *' a transparent mass, hard and 
brittle, which retains for a long time the characteristic odour of acrolein, 
and that without losing its limpidity." The study of this transformation, 
followed systematically, led to the discovery that it is possible by this 
means to obtain substances endowed with differing interesting properties, 
and, in particular, with a very high insulating power. In the present 
paper it is shown how this power of insulating varies with the progress 
of the transformation. There are other changes in physical properties, 
but the only other dealt with here is that of density. The subject is 
considered under the following heads: The gelification of acrolein, its 
density and insulating power ; the principle of the method of measure¬ 
ment; description of the apparatus; a description of the measuring opera¬ 
tions. The results are shown in graphical form. A. E. G. 

3078. Formation of Colloid Solutions by Electrical Pulverisation in the 
High-Frequency Alternating-Current Arc. E. O. Kraemer and T. Sved- 
berg. (Am. Chem. Soc., J. 46. pp. 1980-1991, Sept., 1924.)—Four types 
of electrical circuit were either actually used or considered. • In the Tesla 
coil method a 1-kw. Thorardson " wireless ” transformer,-with a maximum 
secondary voltage of 25,000, was used. This charged a condenser; which 
discharged across an air-quenched silver spark* gap, through a coil in 
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which oscillations of frequency of about 1 X 10 6 were produced. This 
formed the primary of the oscillation transformer, and the secondary 
was in scries with a hot-wire ammeter and a micrometer spark gap in the 
liquid which formed the dispersion medium of the colloid solution. In 
the second method the micrometer spark gap in the liquid replaced the 
air-quenched silver spark gap. the result being that, in addition to the 
high-frequency discharge, a low-frequency discharge passed through the 
liquid. A modified Poulsen, or " undamped wave." circuit was also 
used, in which again the discharge of the condenser took place across the 
same gap as that in which the pulverisation of the electrode took place, 
and in which the current was a slightly damped, alternating, but non- 
symmetrical current of complex form; it contained direct current from the 
primary d.c. source. The rates of pulverisation, sediment formation, and 
the decomposition of the liquid used were studied, and the lesla coil has 
been proved to be superior to the other methods for producing colloid 
solutions with minimum decomposition of the medium, and so with 
maximum purity. This is owing to the absence of direct and low-frequency 
current components in the colloid forming arc. H. N. A. 

3079. An Apparatus for the Accurate Determination of Solubilities. 
E. Cohen, W. A. T. de Meester and A. L. T. Moesveld. (Zcits. phys. 
Chcm. 112. pp. 150-155. Sept. 6. 1924.)—The results achieved by the 
process for the determination of solubilities at high pressures (Abstract 14/8 
(1023)] were so satisfactory that a similar apparatus was constructed for 
their determination at ordinary pressure and at high temperatures. 
Measurements of the solubility of thallium sulphate were made at tem¬ 
peratures of 30°. 50° and 60° C.. and gave results closely agreeing with 
those of Berkeley (see Abstract 2361 (1004)]. The solubility of silver 
nitrate at 30° C.. expressed in grammes of salt per 100 g. of saturated 
solution, was found to give a mean value of 73-82. The value of 73 
found by Schrcincmakers and dc Baat [Arch. N6crl. 15. 41G (1010)) seems 
to point to the fact that saturation was not attained in their experiments. 

E. I*. 


3080. Heal of Formation of Water Solutions of Hydrochloric Acid and 
Ammonia at Different Temperatures. M. Wrewsky and N. Sawaritzky. 
(Zeits. pliys. Chcm. 112. pp. 90-06. Sept. 6. 1924.)—The test of solution 
of hydrochloric acid in water was determined at 3-6°, 21-5', 42°, 62-3° C., 
and ammonia in water at 3°. 19-9*. 41°. 61° C.. and at varying concentra¬ 
tions; The results, when drawn in curves, show that the heat of solution 
of HC1 increases with the temperature, while that of ammonia decreases 
with the temperature. • F. J. B. 


3081. /I New Method for Taking Colloids out of Suspension. (Chem. and 
Met. Eng. 31. p. 387, Sept. 8. 1924.)—Recent experiments carried out in 
France by A. Marx and J. Rozidres have demonstrated the value of a 
new device for taking colloids out of suspension. This apparatus operates 
with a combination of centrifugal force and a highly charged electrical 
field. In operating on okl oil . with an ordinary centrifugal apparatus, 
composed of a bowl 0*60 meter in diameter resolved at 2700 r.p.m., the 
main part of colloids remained in- suspension in the liquid. On the other 
hand.'the electrical action alone was without effect. But when the liquid 
was*submitted during five minutes to a simultaneous action ( of. ocntrifugal 
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force and a difference of potential of 40.000 volts, the liquid became abso¬ 
lutely clear. 

In order to obtain this difference of potential, a direct current 110 volts 
ending in a 110/40,000-volt transformer was utilised. A rotative circuit 
breaker was placed on one terminal, cutting and re-establishing the current 
14,000 times per minute. The positive pole was considered by the frame 
of the apparatus and the outside part of the steel bowl, and the negative 
pole by three copper wires isolated from the bowl and held by the winglets ; 
their diameter was 40 cm. This device gives a motion to colloids in the 
two ways, the movement toward the sides being the stronger. 

J. B. C. K. 

3082. The Kathodic Behaviour of Alloys. Part 1. Iron-Nickel Alloys. 

S. Glasstone. (Faraday Soc., Trans. 19. pp. 574-583; Disc., 583-585, 
March, 1924.)—The alloys are deposited electrolytically on lead kathodes 
from solutions containing varying proportions of ferrous and nickel sul¬ 
phates in order to eliminate the variations in structure liable to occur in 
preparing alloys from fused mixtures of metals. The ratio of iron to 
nickel is determined in the solution, and also in the metal deposited under 
similar conditions to those of the experiments on a carbon kathode. 
Measurements of the kathodic potential made during deposition show that 
lower potentials are required for the deposition of mixtures of iron and 
nickel than for either of the pure metals, the deposits containing relatively 
more iron than the corresponding solutions. This may be due to the 
retarding action of iron on the discharge of nickel ions, or the influence of 
nickel on the negative catalytic effect of hydrogen in the discharge of 
iron ions, this being developed by Kremann and his co-workers. Hydrogen 
evolution at iron-nickel alloy electrodes takes place at lower potentials 
than for either of the pure metals, and in view of lack of definite knowledge 
of the cause of overvoltage, this effect cannot be satisfactorily explained. 
The result obtained in the presence of depolarisers show that the reduction 
efficiency of a given electrode does not depend entirely upon hydrogen 
overvoltage, the electrode itself having generally a positive or negative 
catalytic influence. In the Discussion, the method of finding the com¬ 
position of the alloy is criticised, and it is pointed out that the observed 
lowering of overvoltage with the alloys maybe due to increasing roughness 
of the metal surface. Attention is drawn to the work“of Foerster, which 
appears to explain many of the author’s observations. The bearing of 
the views of Tammann (Zeits. Anorg. Chem. 107. 1919) upon the problem 
is also discussed. B. W. C. 

3083. Reported Transmutation of Mercury into Gold. (Nature, 114. 
pp. 197-198, Aug. 9, 1924.)—Reference is made to the possibility of the 
disruption of the Hg nucleus with the production of Au as forecasted, 
on a theoretical basis, in a previous article [see Abstract 1807 (1924)]. 

A short account is given of the experimental details and subsequent 
analytical investigation associated with the recently announced discovery 
of A. Miethe that, in a specially improved type of mercury-vapour lamp 
developed by A. Jaenicke in connection with experiments on the coloura¬ 
tion of transparent minerals and glasses induced by ultra-violet rays, the 
Hg employed becomes, under extra heavy current conditions, contaminated 
with Au. Whilst it is admitted that the amount of Au detected is very 
small, the point is made that the delicate analytical tests giving evidence 
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of the presence of Au after electrical treatment fail to show with certainty 
the pre-existence of Au. A. B. C. I.. 

3084. Constitution of Technical Iron. F. Wever. (Zeits. Elektro- 

chem. 30. pp. 376-382, Aug., 1924. Paper read before the Deut. Bunsen 
Gesell., Gottingen, 1924.)—The work on the constitution of iron as deter¬ 
mined by X-ray analysis is reviewed. The parameter of the space lattice 
of a number of steels of different composition was determined. The com¬ 
position of the steels considered varied from one containing 19-08 % 
manganese and 0-30% carbon, and one containing 2-06% manganese 
and 1-90 % carbon. The parameter of the space lattice was determined 
by the Debye-Schcrrer camera, the nickel spectrum being used as a com¬ 
parison spectrum. The measurements were made with a Zeiss comparator. 
The apparatus and method had a high degree of accuracy, and was free 
from systematic errors. The results show that in a managanesc austenite 
steel the parameter increases with the increase in atomic percentage 
of carbon. The specific volume of manganese austenite steel was measured 
by the method of displacement, and it can be seen that the space lattice 
parameter and the specific volume change with the composition and the 
relationship is linear. The results can be calculated from the equation 
a = a 0 -f ^jMn -+- y,C. where a 0 is the parameter of pure iron, Mn and C 
the atomic percentages of manganese and carbon. Calculating the con¬ 
stants by the method of least squares, the equation becomes : a — 3-578 
•h 0-00050 Mn + 0-00045 C, with a mean error of ± 0 0009 x 10 “ 8 cm. 
The structure of a iron in annealed carbon steel was also determined and 
the space lattice compared with that of y iron. The structure of carbon 
steels in the hardened condition was also determined, and the effect of 
carbon on the structure of the space lattice was discussed. F. J. B. 

3085. The Hydrogen Overvoltage of Metals and their Characteristic 

Properties. Part I. Overvoltage and Valency. Part II. Overvoltage and 
Melting-Points. E. J. Weeks. (Chem. News, 128. pp. 359-360, June 0, 
and 120. p. 17, July 11. 1924.)—It is assumed by Ncwbery [sec Abstract 180 
(1917)) that overvoltage is a function of valency— i.e. a periodic function— 
and from this the formation of unstable intermediate hydrites to account 
for overvoltage effects is deduced. An examination of the tabulated 
average values of overvoltage as determined by different workers shows 
no absolute relation between overvoltage and valency, although there is a 
tendency for overvoltage to decrease with increasing valency. The theory 
of Ncwbery must therefore be considered untenable. It is shown that 
in general the higher the melting-point, of a metal, the lower is its hydro¬ 
gen overvoltage. Mercury, melting-point — 35° C.. has the highest 
overvoltage, 0-69 volt, while rhodium, melting-point over 3000° C., 
has the lowest, 0-00 volt. These results apply only to overvoltages in acid 
solution. B. W. C. 

3086. Magnesium. (Chem. and Met. Hng. 31. pp. 383-386, Sept. 8, 
1024.)—New metallurgical developments have made possible the manu¬ 
facture of magnesium on a large scale, and at a reasonable price, and in a 
high state of purity. It is stated that magnesium is in a position similar 
to that once held by aluminium. The present article gives a survey of 
the principal chemical and mechanical properties of magnesium and its 
alloys. It is pointed out that if the troublesome impurities, principally 
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sodium and chlorides, are avoided, the corrosion tendency is lessened 
considerably. As regards the question of the inflammability of the metal, 
this is no doubt a serious factor in the case of the powder or thin shavings 
exposed to an open light, but in the bulk is almost negligible, since mag¬ 
nesium has a melting-point of 1200° F. The powdered metal is now used 
as a dehydrating agent. As a deoxidiser in the manufacture of many 
metals and alloys, magnesium has found a valuable application. A new 
American process for producing magnesium is described ; it depends upon 
the electrolysing of magnesium oxide. The oxide is added to a bath of 
fused fluorides, principally magnesium fluoride, in a special type electric 
furnace. Magnesium oxide is continuously added to the bath, while 
magnesium metal is removed at one electrode; carbon monoxide is 
evolved at the other. Even this quality of magnesium cannot be set 
down as a " corrosion-resisting metal,” but it is much better than most 
other commercial varieties. A promising new treatment is under test 
for making magnesium and its alloys highly resistant to salt water and 
similar natural corrosives. One of the principal advantages of magnesium 
is its low density, namely, 1-74; with 10% of aluminium it is 1*80. 
Suitable alloys of magnesium, with copper, cadmium, calcium, zinc and 
aluminium, have great strength combined with lightness. These alloys 
arc being used for automobile engine parts ; the blades of supercharger 
blower-impellers arc now made of magnesium alloy. Magnesium presents 
difficulties as regards casting, forging and welding, but it is easily worked 
and machined. A. W. J. 

3087. On Partial Equilibrium. E. Baur. (Zeits. phys. Chcm. 112. 
pp. 199-205, Sept. 20, 1924.)—If a chemical system be in a state of non¬ 
equilibrium its like behaviour on either side of the equilibrium condition 
may be expected, and true or false equilibrium in consequence can be 
detected. The present paper discusses examples of partial or one-sided 
equilibrium, such as Marc found, for example, with certain salt crystals 
which, when coloured with certain dyestuffs, no longer developed when 
placed in supersaturated aqueous solutions, although dissolving in dilute solu¬ 
tions to their normal saturation equilibrium. Four special cases exhibiting 
such equilibrium are now dealt with, vis. the decompositions of salicylic 
acid, -of the anions of phloroglucinol carbonic acid, of amino acids by 
hydrolysis, and of sodium oxalate. These represent respectively a gas, 
a pure solvent, a solvent with carbon content, and a heterogeneous reaction. 
Data by Orthner. Piazza, Wunderly, and Ott are quotod. The work of 
Wunderly on the hydrolysis of amino acids is discussed in detail as afford¬ 
ing the best examples of one-sided equilibria. The aliphatic amino acids, 
such as glycine, alanine, leucine and asparagine, were regarded as un- 
saponifiable until Wunderly employed animal charcoal as a catalyst for 
this purpose, when decomposition limits were found which were dependent 
on concentration, as though corresponding to the mass-action law. • These 
limits are found to represent equilibria and the carbon catalyst to exert 
a one-sided effect, since a reversal of the reaction does not take place. 

H. H. Ho. 

. 3088. Decomposition of Hydrogen Iodide. H. A. Taylor.- (J. Phys. 
Chem. 28. pp- 984-991, Sept., 1924.)—Experimental arrangements are 
described by which pure hydrogen iodide in definite amounts is passed 
through heated tubes at constant prescribed temperature^-franging from 
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400° to 500° C.) and at constant rate, the HI and I present in the resulting 
gas being determined by the usual titration methods. The decomposition 
tubes employed arc made to offer varied amounts of glass surface by the 
introduction of bends, glass bulbs, and by the insertion of glass powder. 
The results demonstrate the effect of a change in the extent of surface, 
maintaining the volume of reactant constant, and show the decomposition 
to be a composite of a surface reaction and a reaction in the gas phase. 
The tempefature coefficient of the surface reaction is 1 • 1 for 10°, whilst 
that for the reaction in the gas phase is approximately 2 0 in the tempera¬ 
ture range employed.- The general bearing of the results on the recent 
theoretical considerations of gas kinetics is indicated. Of the many 
so-called homogeneous gas reactions so far studied, only one— viz. the 
formation of PCI. from PCI 3 and Cl—would appear to be truly so. 

A. B. C. L. 


3089. The Effect of the Deformability of lorn on Optical and Chemical 
Constants. Part II. W. Heisenberg. (Zeits. f. Physik. 2G. 3. pp. 196-204, 
1924.)—This paper is a continuation of Part 1 [sec Abstract 2178 (1024)], in 
which the author discussed binary molecules. He now considers triatomic 
molecules, in which all three atoms may l>e supposed to lie on a straight 
line; whether this holds for molecules like H 2 O f C0 2 is not considered. 
It is shown that the existence of an electrical"moment ought not to be 
looked upon as an argument for a triangular model of these molecules, 
but that this electrical moment is in general brought about by a charac¬ 
teristic dissymmetry caused by the deformability of the ions. 1 he author 
considers the case of an ion 



M 0 , with charge z Q at distances r, r 2 . from two ions. M, with charge t v The 
forces considered arc: (1) The electrostatic force; (2) a repulsive force 

be 2 

between M 0 and of the form —; (3) the effect of deformability. 


For the sake of simplicity only M 0 is considered to be deformable and 
of amount a (see Part I). If p = electrical moment of M 0 . the total energy 
of the molecule (see Part I, equation 11) is 


The conditions for equilibrium are: — = 0, ^ = 0, = 0, with the 


abbreviations r x = M «-i y/ n b, r 2 = v n - 1 Vnb. 


(nb) 


3 

n i 


= p, these con¬ 


ditions are worked out, and curves representing the last two conditions are 
plotted for the cases p = 0*6 and p = 1-5. Three possible equilibrium 
positions are given in the latter case. The stability of these equilibrium 
positions is now determined. The two outer are found to be stable and 
the middle one unstable. The preceding method is now applied to the 

ions Na, Cl. Na and Cl. Na. Cl. A short discussion of Nernst's objection 
VOL. xxvii. —a.—1924. 
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to Kossel's theory of rigid molecules follows; finally, the chemical 

+ — 4- — 4- — + — 

constants of NaCl, NaCINa. ClNaCl are calculated by Stern and Fowler’s 
method, and the conclusion is reached that the polar character of molecules 
may be approximately expressed by the deformability of the ions. T. B. 

3090. The Influence of the Deformability of Ions on Optical and Chemical 

Constants. Part III. The Specific Oscillations of CO 3 ”. H. Kornfeld. 
(Zeits. f. Physik, 26. 3. pp. 205-222, 1924.)—The carbonate ion CO 3 - is 
considered to be formed on a triangular model, an oxygen atom being 
at each corner of an equilateral triangle with the carbon atom at the centre 
of the triangle. From the measurements of Schafer and Schubert [see 
Abstract 1241 (1916)1, for such a model there are three ultra-red oscilla¬ 
tions with wave-lengths 6-5 \i, 11-5/z, 14-5/x ; of these the middle one is 
polarised in the plane of the model and the other two at right angles to 
the plane. C. J. Brcster has obtained results [see Kristallsymmetrie in 
Keststrablen Disser., Utrecht, 1923, p. 115, and see Abstract 2435 
(1924)] which are in agreement with this. The author attempts to explain 
these experimental results by a mathematical investigation of the energy 
of the complex ion. For this purpose he assumes that, in addition to the 
polar constituent C + + + + , O—, there is also the action of the dipolar 
moment caused by the deformation of the ion. With this hypothesis he 
obtains results which are in agreement with those of Born and W. Heisen¬ 
berg [sec Abstract 2178 (1924)], although the hypothesis can only be 
regarded as a rough approximation. The solution of the energy equation 
is complicated, and a mathematical appendix of ten pages gives proofs of 
the theorems required. The same method may be expected to explain 
the results which have been obtained in the case of distorted C0 3 groups 
by Schafer and Schubert. [See also preceding Abstract.] T. B. 

3091. Chemical Constants of Chlorine, Bromine, and Iodine in the Mono- 

and Di-atomic States. K. Wohl. (Zeits. phys. Chem. 110. pp. 166-187, 
1924.)—The chemical constants of monatomic chlorine, bromine, and iodine 
arc probably 0-93, 0-80, and 0-62 respectively greater than the theoretical 
values, and certainly at least 0*63, 0-25 and 0-29 greater. The deviation 
thus appears to increase in the sense of the heats of dissociation. It is 
possible, indeed, that the divergence in each of the three cases is about 
0-7 = log 5. and in any event it exceeds the value 0-3 — log 2, which, 
according to Schottky’s theory, is the most probable and the smallest 
possible deviation. Since for mercury the value is less than 0-3, this 
theory requires modification to suit each new case. Further, it is difficult 
to maintain Schottky’s assumption that this divergence of the chemical 
constant from the theoretical value originates in the relations of the 
fundamental substance, and is therefore connected with at least a “ prac¬ 
tical ” disagreement with Nernst’s heat theorem. T. H. P. 

3092. Chemical Constants of Monatomic Gases. F. Simon. (Zeits. 
phys. Chem. 110. pp. 572-586, 1924.)—The marked divergence shown by 
recent determinations to exist between the chemical constants of monatomic 
gases and the theoretical values is discussed, and it is pointed out that the 
magnitude of such divergence increases with the difference in energy 
between the monatomic gas and the condensate. Various possible explana¬ 
tions of this phenomenon are advanced [see preceding abstract]." T. H. P. 
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3093. Influence of Some Non-Inflammable Vapours of Organic Liquids 

on the Limits of Inflammability of Methane-Air Mixtures. W. P. Jorissen 
and J. Velisek. (Rec. des .Trav. Chim. des Pays Bas, 43. pp. 80-86, 
Jan. 15, 1924.)—By means of a burette fitted with a platinum point spark 
gap determinations are made with methane-air mixtures of the limiting 
proportions which, in the presence of various organic inhibiting agents, 
enable the propagation of ignition. The temperature of the gases varied 
in the different experiments from 10° to 20° C. With methane-air alone 
the limits of inflammability are 5-4 and 14*1 % ; with 0-7 and 0-8 % 
pcrchlorethylene, 7-35 and 10-15% methane; with 0-7 and 0-8% 
tetrachlorethane. 7-15 and 9-15 % methane ; with 1 % pen tach lore thane, 
5-95 and 10-3% methane; with 20% dichlorethvlene no explosion 
occurred; with 5 • 5 % trichlorethylene no explosion occurred ; with 8 • 5 % 
carbon tetrachloride the limits are 9 0 and 9-9%; and with 12-2% 
carbon tetrachloride no explosion occurred. Whether the action of these 
vapours and others in reducing the explosibility of methane can be 
accounted for by their higher molecular heat or whether it is partly due 
to some catalytic influence remains to be investigated. J. N. I*. 

3094. The Sensitiveness of Selenium Cells to X-Rays of Different Wave- 

Lengths. H. KUstner. (Zcits. f. Physik, 27. 2. pp. 124-137, 1924.)—A 
selenium cell was compared with two carbon ionisation chambers, one 
of which was 25-5 cm. high and 6-4 cm. in diameter, and the other, a 
thimble chamber, 21 mm. high and 14 mm. in diameter. It was not pos¬ 
sible to use strictly monochromatic X-rays, as the selenium cell was not 
sufficiently sensitive, but the hardness was controlled and measured by 
varying the kilovolts employed from 205 to 42. and the thickness of the 
copper filter from 1-90 mm. for the first voltage to 0-075 mm. for the 
last; the average wave-length of the X-rays varied from 0-119 A. in the 
first case to 0-473 A. in the last. The ratio of the ionisations produced 
in the two chambers varied only a little throughout the range employed ; 
but that of the effect on the selenium cell, measured in FUrstcnau units. 
1 o the ionisation in the large chaml>er showed a decided maximum at 
about 0-22 A. At 0 -12 A. and 0-4 A. the selenium cell, compared with the 
ionisation chamber, is only half as sensitive as at 0-22 A. This maximum 
has certainly nothing to do with an absorption "spring"; the shortest 
wave-length absorption band head of selenium is at 0-979 A. The fact 
that there is so little difference in the ratio of the two ionisation chambers, 
which differ so greatly in dimensions, seems to exclude the explanation 
that the effect is due to a minimum sensitiveness of the ionisation chambers 
at 0-22 A. It is shown that it is possible to explain the effect on certain 
assumptions as to the absorption and scattering of X-rays in selenium and 
in air. H. N. A. 

3095. The Electro-chemical Behaviour of Chromium. N. Bouman. 
(Rec. des Trav. Chim. des Pays Bas. 43. pp. 1-29. Jan. 15. 1924.)—Measure¬ 
ments are made of the e.m.f. of chromium of varying forms in different 
electrolytes. With crystals of metal prepared by the Goldschmidt process 
different crystals showed different potentials, while two electrodes from the 
same crystal showed practically the same potential. The variation is 
attributed to the presence of traces of impurities. Electrolytically 
deposited metal gives a constant potential when in the active form, but 
when in the passive form the potentials vary with the metal on which the 
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chromium is deposited, indicating that the deposits are not continuous. 
On removing the basis metal, constant potentials are given which, however, 
are 500 millivolts more negative than chromium prepared by the Gold-, 
schmidt process. In distinction from iron, chromium is normally in a 
passive condition, and only assumes the active state when treated with some 
activating agent. Passivity is readily produced by contact with nitric 
acid and some other oxygen acids and by anodic polarisation. Chromium 
appears to remain active only when the acidity is not under a certain 
limit, i.e. about 10“ 3 N. Various methods of activating the metal are 
described, such as touching with zinc, dipping in certain heated salt solu¬ 
tions or hydrochloric acid, or by kathodic polarisation. The potential of 
the metal thus obtained is practically constant and independent of the 
method of activation. In an electrolyte of a mixture of chromic and chro- 
mous sulphate the potential is practically independent of the ratio and 
concentration of the salts. With increasing H* ion concentration of an 
electrolyte the potential becomes more positive in sulphuric acid solution 
and more negative in hydrochloric acid solution. 

The main theories which have been put forward to account for the 
passivity of chromium are reviewed. It is considered that the phenomena 
are best explained by the theory of allotropy, according to which a hetero¬ 
geneous equilibrium exists between different states of the metal. Passiva¬ 
tion and the different potentials obtained with different samples of metal 
are attributed to retardations of the internal transformations in the metal 
and to retardations in the adjustment of equilibrium between the divalent, 
trivalent, and hexavalent chromium ions in the solution. In agreement 
with this view, the passive state becomes more stable by lowering the 
temperature. If active chromium is polarised with a small anodic current, 
it passes into solution as divalent ions. As the c.d. increases, the solution 
stops at a c.d., which is dependent on the nature of the electrolyte. The so- 
called critical c.d. increases with the H‘ ion concentration and the Cl 
ion concentration, which are thus catalysts for the establishment of the 
internal equilibrium. With a charge of about 1250 millivolts, the metal 
passes directly into solution as chromatic ions. J* * 


3096. The Electrometric Titration of Chromic Acid, using (a) the Hydrogen 
Electrode, and (6) the Oxygen Electrode. H. T. S. Britton. (Chem. 
Soc., J. 125. pp. 1572-1582. Aug., 1924.)—Solutions of chromic acid arc 
titrated electrometrically with the hydrogen electrode and the oxygen 
electrode. The investigations show that chromic acid exists in solution 
as a normal dibasic acid. H t Cr0 4 , dissociating almost completely as 
H CrO H* -f HCrOi in dilute solution, while the secondary dissocia¬ 
tion HCrC >4 H* + CrOV is very small, the dissociation constant being 
4 -4 X 10-* The preparation of hydrogen electrodes for use with chro¬ 
mates, nitrates and reducible compounds is discussed. It is shown that 
the oxygen electrode may be used as an indicator for both pH values and 
end-points if suitably calibrated. The dibasicity of chromic acid explains 
satisfactorily many of the reactions of the acid and the chromates^ ^ 

i 3097. Catalytic Action of Nitrous Acid. W. D. Bancroft. (J. Phys. 
Chem. 28. pp. 973-983. Sept., 1924.)—Previous papers bearing on the 
reaction between nitric acid and metals such as copper, silver, etc., are 
quoted at considerable length and “discussed. In particular the expen- 
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meats aad conclusions of Veley [Roy. Soc., Phil. Trans. 182 a. 279, 1891] 
are freely cited and criticised. It is claimed that, under the conditions 
prevailing in Veley's experiments, nitrous acid is not so strong an oxidising 
agent as nitric acid and does not act as the depolariser, and that nitrous 
acid acts catalytically in activating nitric acid. It is thought probable 
that the activation of nitric acid depends on the dynamic equilibrium 
represented by the equation HN0 3 -f HN0 2 2X0 2 + H 2 0. This 
interpretation brings the action of nitrous acid into line with the action 
of light and of solid catalytic agents. The theorem is proposed that if a 
state of dynamic equilibrium involves activation in certain directions, 
this must be a general phenomenon, and must be shown to occur in all 
such cases. A. 13. C. L. 

3098. The Passivity of Metals, with Particular Reference to Iron . W.J. 
Muller. (Zeits. Elcktrochem. 30. pp. 401-416, Sept., 1924.)—The 
development of passivity in a stable active metal during electrolysis is 
considered to be accompanied in the first place by the separation of an 
insulating layer of salt on the surface of the anode, the concentration of 
which has exceeded the solubility in the neighbouring solution. The 
increase of effective current density and potential due to the partially 
insulating layer leads to the passive condition on account of the metal- 
metal ion-electron equilibrium in the surface of the metal being displaced 
in the direction of metal ions of higher valency, which no longer pass into 
solution. The influence of different electrolytes is considered briefly, 
and. as an instance of a stable passive metal, the behaviour of platinum on 
activation with alternating current. Chromium, the properties of which 
are described, provides an instance where the passive condition of the 
metal appears to be stable while the active condition is. to a high degree, 
metastable. The anodic passivation of iron in sodium sulphate solution 
is demonstrated experimentally. The formation of the layer of ferrous 
sulphate is seen by the darkening of the electrode, while passivity is accom¬ 
panied by a brightening appearance. Oxygen evolution and solution of 
the insulating layer, which is calculated to be of a thickness of 0 01 nun., 
are observed. Time phenomena arc investigated by means of horizontally 
placed electrodes. The time required for the passivation of iron may vary 
from 2 to 1000 seconds, according to the current density. The relation 
between mean current density and time for passivity is found to be given 
approximately by the formula : (i — i 0 )//log t m K. where i is the mean 
prevailing c.d. during the passivation, and represents the amount of ions 
passing into solution, i 0 is the c.d. of the ions which diffuse away from the 
layer of saturation concentration, and / is the time taken for complete 
passivation, i — » 0 thus represents the amount of ions precipitated as 
solid salt in unit time. It is found in accordance with this relation that 
the passivating eftect of an anion is inversely proportional to the solu¬ 
bility of the compound formed in the layer. The relation further shows 
that the thickness of the layer is inversely proportional to the logarithm 
of the time required for its formation. This is in agreement with the 
relation that the size of particles of precipitates is proportional to the 
degree of supersaturation or time required for formation. The formation 
of the covering layer is shown by the increase of the resistance to which tho 
so-called chemical polarisation is to be ascribed. This consideration, 
and the fact that passive iron at 0-6 volt can be obtained free from all 
covering layer, shows that neither oxygen or oxide layer can be the cause 
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of passivity. Polarisation is thus attributed to resistance effects, and is not 
related to reaction velocities of processes leading to solution of the electrode 
metal. In presence of an oxidising medium and the absence of an exter¬ 
nally applied p.d., local electrolytic action occurs, producing anodically 
passivated and kathodically polarised areas. The latter may be con¬ 
tinuously or intermittently depolarised by the solution, according to its 
nature, leading either to complete passivity or pulsating effects. 

J. N. P. 


3099. On the Theory of Binary Electrolytes. W. Sementschenko. 
(Zeits. phys. Chem. 112. pp. 128-134. Sept. 6. 1924 .)—This investigation is 
made on the assumption that the number of ions in comparison with the 
number of solvent molecules is so insignificant that the dielectric constant 
of the solvent can be regarded in the ordinary macroscopic sense [see 
Abstract 2541 (1923)) ; also that every ion is surrounded by a zone within 
which another ion can no longer avoid the attractive forces, thereby 
reforming an undissociated molecule. Based on Coulomb s law. an equa¬ 
tion has been derived connecting degree of dissociation a of the electro¬ 
lyte, dilution V, and dielectric constant of the solvent e. viz. 
u,/N, = ((mCl) .Vt/ 2 )^ 3 /"!®. where N, and n, are the numbers of 
undissociated molecules and ions of both kinds respectively. C 0 a particular 
velocity, and e. and e l the ionic charges. The Ostwald dilution law and 
also that of Walden follow as special cases from this equation, as well as 

Walden's empirical relations. K 0 = const, « 3 . and K 0 = const. € 2 /vCV> 
where K 0 is the constant of the Ostwald dilution law. This equation 
also enables a more extended quantitative development of the hypothesis 
of dissociating complexes. It explains the existence of maximum and 
minimum conductivity, and can be applied to the consideration of concen¬ 
trated solutions by an enlargement of €. 


3100. The Electrolysis of Soda-Lime Glass. I. Evolution of Gas and 
its Relation to Sorption and Conductivity . J. W. an< j * v J 

Ferguson. (Am. Chem. Soc.. J. 46. pp. 1991-2002, 

Sorption apparently includes adsorption and absorption and the authors 
show that the gas evolved under certain conditions of electrolysis is related 
to the sorbef ” water of the glass. A glass bulb was filled w,.h mercury 
by distillation at low pressure ; it was then placed in_a test-tubc conta.n ng 
dilute sodium hydroxide in a heating bath. W hen the Hg,was heate he 
kathode gas was formed between the Hg and t^c glass at. rates depcnd.ng 
on the voltage and the temperature. None was formed ,n several days at 
94“ C. and with 1 0 volt, though 1 - 3 volts gave a nottceable layer m about 
20 hours • 110 volts gives a visible layer at room temperature in 20 hows. 
No gaswas produced when the mercury was the anode, by an 
„ r, r in fnhes which were annealed or baked in vacuo at 3® for 

many hours Samples of the gas formed were analysed, and^<#nsisted 
of H and O with the former predominating ; this, and the facts that bating 
the glass prevents the formation of gas. and that if the glass 'S then.exposed 
to water-vapour or liquid water it regains this pt<$erty, point to the-fect 
that the easis produced from water. The-phenomenon is no* a simpl 
electrolysis of a water film, since the gas does not contain H and O in the 
reauisite proportions, and it seems probable that the sodium ions, which 
caxry the current at high temperatures, play a major r61e in the P r ° dl ^. t, ^ n 

of the gas5 ^ 
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as quanta. 2062 


Allen. M., thermal emission from water, 

1847 

Allen. R. P., A- W. D. Bancroft, metallic 
lustre. 2471 

Allen. 5r J. M.. X-rays, 2278 
Allis. W. I*.. A- |\ llcyman*. photo- 
clastic constants. 745 
Allison. F., interferometry. 2032 
Allison. S. K . Sc G. 1-. Clark. X-rays, 
2112 

Allison. S. K., A- W. Duane, bromine 
X-radiation, 2745 ; tertiary X-rays, 
2007 

Allison. S. K.. Sc W. 1). Harkins. 

helium in gases, 1944 
Allmand. A. J.. A A. N. Campbell, 
electro-deposition of manganese, 2646 
Allmand. A. J.. A H. J. T. Ellinghant, 
irreversible elect rode phenomena, 
2632 

Altenburger. K.. A M. Blau, scattering 
of X-rays. 2524 

Altcrthuin, H.. macrocrystal formation 
in tungsten. 2620 

Alticri, V. J., R. |». Russell A V. G. 
Whitman, submerged corrosoa of 
steel. 2855 

Amerio, A., solar atmosphere, 1722 ; 
solar energy. 700; sunsrot activity. 

1710 

Ames. A.. Jr.. C. A. Proctor & B. Ames, 
vision. 1762 

Andant, A., critical opalescence, 2472 
Andant Sc Lambert, kathode sputter¬ 
ing. 2135 

Andercgg, F. O.. corona discharge. 2323 
Anderson. C. O.. Sc W. H. Coghill, 
interfacial tension. 722 
Anderson, J. A., calcium spectrum, 1472 
Anderson. J. A.. Sc H. O. Wood, seis¬ 
mometer. 2880 

Anderson. J. S.. & G. Barr, diameter of 
tubes. 376 

Anderson. R. J.. & E. G. Fahlman, 
internal stress in brass tubing. 2420 
Anderson. S. H.. tuning-forks, 207 
■ 4E ' . 1113 
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Anderson, \V., solar protuberances, 1721; 

sun’s photosphere, 789 
Anderson. W. A., reflex visual sensa¬ 
tions and anomalous trichromatism, 
2721 

Anding, E.. gravitation, 2201 
Andrade, E. N. da C., radio-active ions, 
2117; zinc crystals. 1958 
Andrewes, Ursula, Ann C. Davies & F. 

Horton, X-rays, 871 
Andrews, D. H., & J. Johnston, absorp¬ 
tion by rubber. 1591 
Andrews. J. P.. L. S. Shave & C. H. 

Lees. Young’s modulus, 2895 
Angcbaud, P.. protection of the radi¬ 
ologist. 8007 

v. Angercr, E., chlorine spectrum. 1798 ; 
lithium spectra. 269 

v. Angercr, E., & G. Joos, elements of 
the iron group. 2770 
Angstrom, A., solar and terrestrial 
radiation, 2023 

Appleton, E. V., vibration galvanometer, 
1287 

Appleyard. R.. geometrical optics, 2485* 
Archenhold. G., & J. Eggcrt, photo¬ 
graphic plates, 2490 
Archibald. E. H. f & W. Urc, acetone, 
1048 

Arkadicw, W., magnetic spectra, 2971 ; 
spectroscopy, 2700 

Arkadiewa, Glagolcwa-, A . short electro¬ 
magnetic waves, 2325 ; short waves, 
1904 

Armcllini, G„ diameter of sun. 2456 
Arndt. K., & W. Kalass, conductivity of 
cryolite-alumina mixtures. 1563 
Arndt, K., & G. Ploetz, electrical 
conductivity of molten caustic soda, 
2586 

Arndt, K., & H. Probst, anode effect. 169 
Arnulf, A., expansion of glass. 2798 
Asch, E., explosive limits, 680 
Ashworth, J. R., iron and nickel at the 
critical temperature, 2158; specific 
heat of fcrro-magnetic substances, 

1297 

Astbury, W. T., racemic acid, 15 
Aston, F. W., atomic species, 

constitution of the elements, 673; 
mass-spectra, 1274; mass-spectro¬ 
graph, 2603 ; positive ions, 936 
Aten. A. H. W., hydrogen electrode, 

1324 ^ ,• V* 

Athanasiu, G.. c.m.f. by light on 
metals. 1321 ; mercury-arc spectrum, 
2765; photo-electricity, 1317 
Audibert, explosive reaction 2185 
Audibcrt. E.. detonations, 1360 
Audubert. R., action of light on metal 
electrodes. 690 ; formation of salts. 
2177 • photo-voltaic effects, 1034 
Audobert, R., & C. Marie addition 
agents and over-voltage. 1043 
Auerbach, F., & E. Smolczyk, electro¬ 
metric acid titration, 2637 
Auger, P.. /?-rays. 1503. 2121 


Auger, P., E. Bauer & F. Perrin, X-Rays, 
865 

Auger, V., theory of ions, 1607 
Aulenkamp, B., kathode fall, 305 
Ault, J. P., magnetic observations, 2162; 
magnetism, 3063 

Aurino, S., Cancri, 1748; optical 
polarisation, 482 ; R Leonis, etc., 
1751 ; variable stars, 1742 
Austin, C. R., & C. A. Edwards, hardness, 
347 

Austin, M. M„ resistance furnaces, 1627 
Austin, P. C.. & T. M. Lowry, rotatory 
dispersion of tartaric acid, 2259 
Awbcry, J. H., & E. Griffiths, heat of 
evaporation of liquids, 2539 
Ayres. T. L. R., & J. S. Townsend, 
helium, 1539 

Babcock, H. D., determination of 
e/m, 531 

Babcock. H. D.. & C. E. St. John, 
reversing layer of sun's atmosphere. 
2940 

Bacchini, C., pyrometers, 1574 
Backer, J.. & 6. Collcnbcrg, electrolytic 
reduction of tungstic acid, 2194 
Backhurst, I.. & G. W. C. Kaye, high- 
vacuum pump, 1991; vacuum pump, 
1992 

Badarcu, E., electron emission, 1875 
Badger, R. M„ & R. C. Tolman, entropy, 
910 

BScklin. E., Rdntgen spectra and the 
theory of Wentzcl, 2780 
B5r. R., M. v. Lauc & E. Meyer, low- 
voltage arc light in helium, 616 
v. Bacyer, O., A W. Kutzncr, ionising 
radiations, 1276 

Bahlkc, W. H.. J. C. W. Frazer & B. F. 
Lovelace, vapour pressures of lithium 
chloride solutions, 1222 
Bahlke, W. H.. & R. E. Wilson, para¬ 
ffins. 1508 

Bailey, S. I.. Peruvian meteorology, 1086 
Bailey, V. A., electrons in gases, 930; 

electrons in neon, 1071 
Bailey. V. A . & J. S. Townsend, elec¬ 
trons, 135 

Baillaud, J., atmospheric absorption, 
2015 ; stellar spectra, 2227 
Baillaud, R., altitude measurement, 
1769 ; micrometer, 2041 
Bain, E. C., electro-deposited metals, 
2377* ; X-ray crystal analysis, 2628 
Baker, E. A., photometer densitometer, 
3067 

Baker. T. T.. photography, 2260; wire¬ 
less photographs, 1637 b 
B aker, T. Y.. astrolabe. 1140; visual 
acuity, 69; wave surface after 
refraction, 464* 

Baker, Thorne-, T., silver bromide, 83i 
Bakhuyzen, W. H. van de S.. chemical 
constant of hydrogen, 2549 ; Nernst 
heat theorem, 2640 
Balandin, A., spectra, 2746 


NAME INDEX. 


3115 


Baibi, C. M. K.. apparatus for the 
deaf, 920 

Baldet, F., thermionic discharge in 
carbon monoxide, 1877 
Baldit, A., storms, 441 
Ballard, A., chromium-plating of steel 
2380* 

Baly, E. C. C.. A R. A. Morton, refrac- 
tivity, 271G 

Bancroft, W. D.. catalysis. 1006 ; 
catalytic action. 3096 ; corrosion. 
3075 ; photography. 493 ; Tyndall 
blue. 1411 

Bancroft. W. D.. A R. P. Allen. metallic 
lustre, 2471 

Bancrji. D.. electron theory, 2432 
Bancrji, S. K., seismograms. 49 
Bangham, D. H.. A F. P. Burt, gases in 
contact with glass. 1590 
Barclay-Smith, E. A., wave-power trans¬ 
mission. 2901 

Bardet, I., celtium spectrum. 87 
Bard well. D. C„ & H. A. Docrner. 
alpha-ray bulb. 660 

Bard well, D. C„ A S. C. Lind, alpha 
particles, 559; colouring of the 
diamond by radium radiation, 657 
Barker, E. F.. absorption of hydrogen 
cyanide. 1804 ; spectra. 830 
Barker, H. H., A H. Schlundt, radium, 
1829 

Barker, T. V.. crystal symmetry. 411 
Barkla, C. G.. A (Miss) A. E. M. M. 
Dallas. X-rays, 874 

Barlow, H. M., friction between sliding 
surfaces and effects of electric 
currents, 1366 

Barlow, W., crystal symmetry. 13; 

partitioning of space, 424 
Barnes, B. T., exsium vapour. 2570 
Barnes, H., A R. A. Morton, absorption 
spectra. 609 

Barnes, Fraunhofer diffraction 

phenomena. 2739 

Barot, J., refractive index of glass, 

1787 

Barr, C. E., A W. T. Bovie, photo¬ 
micrography, 1430 

Barr, G.. density of liquids, 1977 ; 
viscometers. 1342 

Barr G.. A J. S. Anderson, diameter of 
tubes. 376 

Barratt. S., hydrogen spectrum, 89 ; 
spectra, 1167 

Barss, W. R„ J. A. Abbott A H. M. 

Chat to. phonograph horns, 1246 
Barss, W. R., & J. E. Bastille, velocity 
of sound, 913 

Bartell, F. E., A M. van Loo, membranes, 
1303 

Bartels. H., distribution. 1166; spec¬ 
trum of a sodium vacuum arc. 2616 
Bartels. J., horizontal intensity. 1292 
Barton. E. H., A II. M. Browning. 

dampings. 7 ; viscosities. 1341 
Barton, S. G., declinations, 62, 233 
Barton. V. P.. cuprous oxide, 1913 


Bartorclli. A., angle as a fourth dimen¬ 
sional quantity, 407 
Bartrum. 0. O.. free pendulum, 1983* 
Barus. C.. achromatic fringes. 474 ; 
acoustic pressure. 1856 ; diffusion of 
gases. 1650 ; reflection. 1395 ; sensi¬ 
tive flames. 3011 ; vibration in quill 
tubes, 1859; vibration of air in quill 
tubes. 582 ^ 

Basch. A. A A. Boltzmann. Hefner 
lamp 235 

Basch. D., A M. F. Sayre, corrosion. 1606 
Bassett. P. R., high-intensity arc, 2324 
Bastille, J. E.. A W. R. Barss. vclocitv 
of sound. 913 

Basu, K.. hydrogen atom (A). 1069 ; 

hydrogen spectrum. 88 
Bateman. If., light quanta. 265 
Bates, H. C.. compressibility. 1054 
Bates, L. F., A J. S. Rogers, polonium, 
1501 ; radium, etc.. 1197 
Bates. L. F., A W. Sucksmith, gyro- 
magnetic ratio. 333 

Bauer. E.. emission of light. 1785 ; 
X-rays. 864 

Bauer. E.. P. Auger A F. Perrin. X-rays, 
865 

Bauer. E., A. Danjon A J. Langcvin, 
crepuscular phenomena. 2450 
Bauer. I.. A., solar activity and atmo¬ 
spheric electricity. 1634 ; terrestrial 
electromagnetic variations, 1585 
Bauer. L. A.. A C. Chrcc, earth's magnetic 
activity. 1003 

Bauersfeld. W., orrery at Munich, 2458 
Baumeistcr. L.. A G. Grube, anodic 
polarised platinum electrodes. 2375 
Baur, E.. electrode potentials in non- 
aqueous solutions, 2634 ; partial 
equilibrium, 3087 

Baxandall. I).. circular dividing engine. 

1793. 2407 ; telescopes, 468 
Baxandall. F. E.. celestial spectra. 2467 
Baylc. E.. A R. Fabre, fluorescence. 

1160. 2266 

Baylc, E.. A If. George, colours of 
fluorescence. 2268 

Baylis, J. R., hydrogen-ion determina¬ 
tions, 362 

Bazzoni. C. B.. resonance. 839 
Bazzoni. C. B . A C. T. Chu. X-rays, 1493 
Bazzoni. C. B.. R. W. Duncan A W. S. 

Mathews, photographic densities, 454 
Bazzoni. C. B.. A J. T. Lay, helium 
spectrum, 1788 

Bazzoni. C. B.. A A. T. Waldic, impact 
effects in nitrogen. 1640 
Beall, C. G., A C. I. Hall, vibration 
recorder. 1986 

Beals, C. S.. tribolumincsccncc. 1787 
Bearden. J. A., X-ray phosphorescence, 
2786 

Beatty. R. T.. monochromator. 488 
de Beaujcu. A. J.. luminescence. 600 
Beck. C., dark ground illuminator, 1130; 
illuminators. 2049; microscopes. 
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Becker, A., electron emission, 3046 ; I 
radium emanation, 1505 
Becker, A. E., znjp (lubrication) func¬ 
tion, 2894 

Becker, J. A., absorption of X-rays, 539 
Becker, K., structure of metals. 752 
Becker. K., H. Mark & K. Wcissenberg. 

triphenylmethane, 2007 
Becker, R., Bohr’s quantum theory. 
2925; ionisation, 911 ; ionisation of 
gases. 575 

Bedeau, F.. air condensers, 131b 
Behnken, H., X-ray doses. 861 
Behnkcn, H.. G. Jacckcl & W. Kutzncr, 
Geiger counter. 859 
Behr, L., potentiometers, 641 
le Bel. J. H., radium bromide. 2808 
Belar, M.. air. 316 
BSIar, Maria. /?- and y-rays, 1211 
Beliavsky, A. G., polar oscillograms. 985 
Bell, H.. spectra. 1169 
Bcllia, C., planets. 1108 
Bcllemin, (Miss) E., atmosphere. 772 
Belot, E.. sun and nova stage. 791 
B6nard, H., projector. 2059 
Bender, M., & W. Frederick, scattered 
X-rays. 1823 

Benedicks, C.. density. 2878 ; magnetic 
screen, 147 

Ben ford, F., reflection and transmission 
by parallel plates. 1148 
Bengough. G. D.. & J. M. Stuart, 
corrosion. 1024 

Bcngtsson, E., copper spectra. 854 
Bennett, G. M., surface energy, 1998 
Bennett, R. H.. & R. D. Klecman, 
electromotive force between a metal 
plate and a solution, 1622 

Bcnnewitz, K.. gas degeneration and 
zero-point energy. 2805 
Bcnnewitz. K., & P. GQnther. hydrogen 
dissolved in platinum. 3073 
Berger, E.. glass, 2806 
Berliner, J. F. T., pure iron-carbon 
alloys. 2621 

Berry, E. M.. diffuse reflection. 460; 
reflection. 239 

Berry, T. L.. & W. B. Kouwenhoven. 

permeameter circuit, 986 
Berthclot, D., corresponding states, 1232 
Bsrthclot, D., & A. Nodon. radio¬ 

activity, 1201 

Bertrand. A., stroboscope. 1980 
Besson, L., probability of rain, 2021 
Bethenod. J.. high-frequenev current in 
a straight conductor, 8060 
Bhargava, S., & R. N. Ghosh, elastic 
impact, 2304; Trevelyan rocker,. 
719 - .. . 

Bhattacharyya. D. K., critical opales¬ 
cence, 2473 

Bid well. C. C.. thermoelectric power of 
the alkali metals. 1909 
Bieler, E. S.. scattering of a-particles, 
561. 1832 • . 

Biggs, G. D., & J. H. Vincent, mercury 
lamp, 1990 


Bigourdan. G., time and method of 
corresponding altitudes, 2216 ; time 
service. 1645, 1640 

Bihlman, V. W., & H. M. Williams. 

thermal conductivity of alloys. 2535 
Biilmann. E.. potentials of organic com¬ 
pounds. 2631 

Biltz, W., & W. Klcmm, fused electro¬ 
lytes. 2645 

Bingcl, J.. photoelectric action. 1258 
Bingham, E. C.. plasticity, 1366 
Bircher, S. J., & W. D. Harkins, over¬ 
voltage. 1635 

Birgc, R. T.. solar spectrum, 1467 ; 

spectral series, 1459 
Birgc. R. T.. & F. S. Brackett, arc 
spectra, 1385 

Birnbaum, W.. stress distribution, 2418 
Bisvas, S. C.. & J. C. Ghosh, absorption 
by acids. 1752 

Bjerknes, V., wave motion, 1671 
Bjerrum, N., colloids, 2853 
Blackett. P. M. S.. electron impact, 1881 
Blackie, A., specific gravity of gases, 369 
Blackman. V. H., atmospheric electric 
currents. 3028 

Blacktin, S. C.. & F. G. Tryhorn. 

Licsegang bands, 683 
Blackwood. O., A. Lowy & E. V. 
Hjort, selenium optical densimeter, 
2722 

Blake, F. C., & W. A. Peters, Jr., heat 
transfer. 3000 

Blakcsley. T. H.. geometrical optics. 

2485* - 

le Blanc. M.. & M. Krdgcr, ions in solid 
electrolytes, 2613 

Blankenstein, E.. coefficients of slip, 1390 
Blau. M.. & K A1 ten burger, scattering 
of X-rays. 2524 
Blazcy, C., cupro-nickel. 359 
Blizard. J., velocity of particles, 1373 
Bloch, L., light distribution, 1122 
Bloch. L.. & E. Bloch, mercury spectrum. 

851 ; spectra. 855, 1174 
Bloch. L.. E. Bloch & G. D£jardin. 

spectra, 1471 
Block, W., accuracy, 2877 
Blodgett, Katharine B.. & I. Langmuir, 
currents limited by space charge, 
614 ; space charge between concen¬ 
tric spheres. 2322 

Blondcl, A., & J. Rey, law of. per¬ 
ception. 1128; limiting perception. 
2476 

BlQh, O., dielectric constants of electro¬ 
lytes. 2587 

Blum, W., chromium-plating of steel. 
2380* ; single potential of arsenic, 

2373* 

Blum. W., & H. S. Rawdon, electro- 

deposited metals. 2377 

Boas. H., & T. Pederzani, electromagnet. 

988 

Bochet, L.. corresponding states. 1233. 

1518 ; dilatation of water. 1212 
Bock. H.. chronometers, 1350 
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Bodin A G. Reboul. ultra-violet and 
X-rays. 2755 

Boddes, S.. geometrical optics. 2055 
Bohlin, K.. general problem of three 
bodies. 2056 ; relativity. 2202 
Bohr. N., atomic structure. 1075; 

spectra, 1104 ; spectral lines. 276 
Bohr, N.. H. A. Kramers A J. C. Slater, 
radiation. 2003 

Bois, (Miss) Dammann. (Mrs.) Mde. 
Lacoste & Rothc. sound transmission. 
3014 

Bokowski. A.. .Einstein’s theory. 435; 

theory of matter. 1370 
Boltzmann. A.. A A. Basch. Hefner 
lamp, 235 

Bond.’NV. N\, compressible fluid*. 3000 
Bone. W. A., D. M. Ncwitt A D T. A. 

Towncnd, gaseous explosions. 1061 
Bongards. H., radio-active sul»stanccs. 
1300 

Bordoni, 1'., lightning, 982n 
Borelius. G., alloys. 2350 ; thermo¬ 
electric force of iron. 2503 
Borelius. * C. H. Johansson, double- 
mirror dilatometer, 2707 
Born, ionisation, Oil*: spectra. 850* 
Born. M.. atomic theory, 2000 ; elec¬ 
trical explanation of chemical forces. 
2803 ; quantum mechanics. 2007 
Born. M., A W. Heisenberg, defornia- 
bility of ions. 2178 ; molecules. 1387 
Bose. Planck’s law and light quantum 
hypothesis. 2812 

Rose. S. N\. heat equilibrium. 2752 
Bothe, W.. y-rays, 2280 ; photoelcc- 

trons liberated by ROntgen rays. 
2518; radiation. 750. 1453 ; X-ray 
radiation. 08 ; X-rays. 870 
Bothe, W.. A H. Geiger, theory of 
Bohr. Kramers and Slater. 2525 
Houman. N., chromium, 3005 
Bourgoignon, (Miss), ft Jouaust. iron 
losses, 150 

Bousfield. \V. R.. & C. Elspeth Bousficld. 
vapour pressure and density of 
sodium chloride solutions. 572 
Boutaric, A., atmospheric radiation. 
1706 

Hontaric. A.. A (Miss) G. Perreau. sus¬ 
pensions of electrolytes. 2860 
Bovic. W. T.. acidity and alkalinity. 
1614 ; hydrogen-ion concentration. 
1618 ; spark-gap. 620 
Bovic. \V. T.. A C. E. Barr, photo¬ 
micrography. 1430 
Bovis. I*., spectrum of bromine, 2508 
Bowen. I. S.. A R. A. Millikan, nitrogen, 
oxygen, and fluorine lines. 2772 ; 
spectra. 1466 ; spectra of boron. 2087 
Bowie. W . isostasy. 220 
Bowman. J. I... square waves of radio- 
frequency. 2326 
Boyce. J. C.. X-rays. 2105 
Boyle. R. \V\, S. C. Morgan A J. F. 

Lehmann, sonic heats. 1857 
Boys, C. V., recording drum. 567 


Bozorth, R. M.. potassium hydrogen 
fluoride. 16 

Brackett. F. S.. A R. T. Birge, art- 
spectra. 1385 

Bradley. A. J.. crystal structure. 1681* ; 
crystal structures of selenium and 
tellurium. 2904 

Bragg. \W. non-polar link. 1018* 

Bragg. \V.. A G. T. Morgan, crystal 
structure. 212 

Bragg. W. H.. crystal structure by 
X-rays. 2007 ; metal films. 1950 . 
organic substances. 1066 
Bragg. W. I... aragonite. 1068; calcitc 
and aragonite. 1754 
Brainf K. R.. piezoelectric effects, 1572 
Bramley. A., conduction in metals. 1247 
Brandt. A., characteristic surface for 
water. 1235; cohesion pressure. 
1236; heat of vaporisation. 1224; 
specific heats. 1220; van der Waals' 
equation, 1231 

Bratke. E., focal length. 1133; Wnctz 
inann interference method, 1144; 
Waetzniann interference method for 
optical systems. 2249 
Bratke. E.. A E. Waetzmann. Jamin 
interference arrangement. 473 
Hraunbck. \V.. balance. 177 ; field 
strength at the kathode. 1268 
Breit. G.. polarisation. 2068 ; quanta. 
508 ; rotation of a sphere. 2004 ; 
short waves. 1903; spectral lines. 
274 ; super-conduction. 971 
Brcnneke. K.. Euler on potential. 2427 
Brcnncn. J. II.. adsorption of polonium 
by colloids, 2843 

Rrcntano. J.. crystal analysis. 546 
Brcster. C. J.. crystal symmetry, 2435 
Brewer. A. K.. A F. Daniels, oxidation 
of nitric oxide. 1874 
Brczina. O.. inelastic deformation of 
zinc and iron. 204 

Brczina. O.. A \V. Gerlach, multiple 
lines. 1456 

Bridgman. P. W„ compressibility of 
gases. 1356 ; conductivity and com¬ 
pressibility of rocks, 1003 ; effect 
of tension on conductivity of metals. 
632 ; rhodium and iridium. 624 ; 
thermal conductivity. 1210 ; volume 
changes of gases. 379 
Briggs. H.. & J. Mallinson. Dewar 
flasks. 742 

Briggs. S. II. C., cleclrovalencc, 1946 
Brillouin, L.. quantum reflection and 
refraction of light, 2237 
i Brillouin. M., liquid films, 1664 
Britton. H. T. S.. electrometric titration, 
3090 

Broca A M. Leblanc, mercury-vapour 
lamps, 1142 

Brodc, W. R.. hydrogen-ion concentra¬ 
tion. 1017 

Brodsky. A., temperatures. 2994 
Bronstcd. J N.. interaction of ions, 

1315 
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Bronsted, J. X.. & V. K. la Mer. activity 
of ions. 1608 

de Broglie, L., correspondence between 
wave and motion, 2200 ; kinetic 
theory of gases, 57G ; light quanta, 
257, 1150; waves and quanta, 256 ; 
de Broglie. L.. & A. Dauvillicr, X-ray 
spectra, 1683 

de Broglie, M.. X-radiation of tungsten. 
1487 

de Broglie, M., & L. de Broglie. X-rays, 
1183 

de Broglie, M., & A. Dauvillier, Compton 
effect, 2758 

Brombacher, W. G.. altitude of aircraft. 
197 

Bronk, D. W., & C. F. Meyer, interfer¬ 
ence bands, 2083 

Brooks, C. E. P., penodogram, 1371 ; 

Victoria and Albert Lake levels, 46 
Brooks, E. E., & G. L. Addenbrooke, 
lines of electric force, 588 
Brotherton. M. electron emission. 1870 
Browll, E. W„ asteroids. 55 
Brown, O. W. t & J. C. Warner, ortho* 
amidophcnol, 364 ; para-amino- 
phenol, 709 

Brown, T. B., wave-motion models, 
1372 

Brown, W. B., thermal conductivities, 
566 

Browning, H. M., & E. H. Barton. 

dampings. 7 ; viscosities, 1341 
Brttche, E., gases and vacua. 1663 
ten BrUninghaus, L., Carl Hcring, 301 
Bruggcncatc. P.. star clusters, 2230 
Bruhat, G.. & Pauthcnier, ultra-violet 
rays, 2352, 2713 

Bruins, H. R., & E. Cohen, diffusion 
of metals, 2182. 2183 
Brunetti, Rita, gratings, 830; isotopes 
of mercury, 2918; mercury radia¬ 
tion, 1482 

Brunt, D.. cyclones. 1090 
Brush, C. F., weight-mass ratios. 375 
Bryan, A. B., dielectric losses, 652; 
flames, 1867 

Bryan, A. B., & H. A. Wilson, conduc¬ 
tivity of flames. 1866 
Brylinski, hysteresis. 993 
Brylinski, E., electromagnetic equations 
of dimensions. 2305 ; Michelson 
and Morley experiment, 430. 2922 ; 
Michclson's experiment, 765, 1397, 
1398 

Bubb, F. W., X-rays. 1825 
Buchcrcr, A. H.. gravitational poten¬ 
tial. 2674 

Buckingham. E., dimensional analysis. 
2668 

Buckingham, F„ & J. Frith, whirling of 
shafts. 750 

BUchi. P. F., uranyloxalate photolysis, 
2862 

Buhl, A. r non-metric tensor calculus, 
2929 

Buisson, H., mercury spectrum. 1806 


Buisson, H., & C. Fabry, blackening of 
photographic plates, 1766; photo¬ 
graphic plates, 2489 
Bull, A. J., printing colours, 75 
Bunch. C. C., auditory acuity, 1523 
Burali-Forti, C., Einstein data, 434 
Bureau. R., atmospherics, 721 b, 3029 
Bureau. R„ & A. Viaut, atmospherics. 
3030 

Burger. H. C.,& H. B. Dorgclo, quantum 
numbers, 1456 

Burger. H, C., & L. S. Ornstein, light 
quanta, 1450, 1451 ; light quantum ' 
and electrons. 1078 ; radiation, 2070 ; 
resonance light. 2956 ; yellow helium • 
line. 5876 A. 2510 
Burgers. J. M.. fluid in motion, 409 
Burkhardt, A.. & G. Grube, electrolytic 
chlorate, 1642 

Burmester. A., ceramic materials, 2338 
Burnett. E. S., Joulc-Thomson effect in 
CO,. 1514 

Bums. K.. C. C. Kiess & W. F. Meggers, 
secondary standards of wave-length, 
1803 

Burnside, W., errors of observation, 
1330 

Burt, F. P. & D. H. Bangham. gases in, 
contact, 1590 

Burton. E. F., & J. E. Currie, colloidal 
particles, 1955 

Bury, C. R., non-polar link, 1018* 

Bush. V„ glow discharge. 2319* ; trans¬ 
mission-line transients, 201 d 
B utkow, K., Twyman's interferometer, 

1760 

Butler. C. P.. solar flocculi, 1103 
Butler. J. A. V., electrode-potential. 
1036; heterogeneous equilibria, 2625. 
2626, 2857 ; Peltier effect, 3053 
Buttcrworth. S., field round a submarine 
cable, 2154 ; single-layer coils, 2342 
Butzlcr, E. W., & M. D. Hcrscy, thermal 
conductivity of refractories, 2636 
Byk, A., Trouton's law of latent heat 
and quantum theory, 2803 

Cabanncs. J., transparency of the 
atmosphere. 2681 

Cabanncs. J.. & 1. Granier. polarisation 
of light. 1150 

Cabanncs, J., & A. Lcpape, diffusion of 
light. 2740 

Cain. J. R.. & R. P. Neville, alloys of 
electrolytic iron. 1027 
Calc. (Miss) F. M.. fluorescence, 77 
Callame, J„ A C. Ch^nevcau. measure¬ 
ment of thin plates. 724 
Callcndar, H. L., specific heat of steam, 
2292 

Calthrop, J. E.. conductivities of metals, 
2143; inert gases, 2661 ; refrac- 
tivity. 1407 

Calthrop. J. E„ & C. H. Lees, conduc¬ 
tivities of metals, 322 
Calvert. S.. Dorothy Nightingale & 

R. T. Dufiord, luminescence, 259 
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Cameron, W. II. B., & R. C. Johnson, 
argon. 2968 

Camichel. C., & L. Escandc, hydro- 
.. dynamic similarity. 749 
Campbell, A. N., electrolytic manganese. 

1045 

Campbell. A. N., & A. J. Allmand. 

electrodeposition of manganese. 264C 
Campbell. E. D., A. W. Smith & W. L. 
Fink, magnetic properties of steel. 
1932 

Campbell, G. A., impedances, 1291 ; 

Poisson’s summation, 1052 
Campbell, L., variable stars for 1923, 

2703 

Campbell,L..& II. Shapley, variables. 808 
Campbell, N., adjustment of observa¬ 
tions, 1982 ; dimensional analysis. 
1059 ; rational units. 1331 : space, 224 
Cannon, Annie J.. & E. C. Pickering. 

Henry Draper catalogue, 2946 
Cannon, Annie J.. Sc H. Shapley. stellar 
distribution. 1728 

Caplan, I*.. M. Kiscman Sc M. Knobel. 

overvoltage. 1908 
Carathdodory, C.. relativity. 1404 
Cardani, P., photoelectric emission from 
insulators, 139 

Cardot. H., Sc H. Laugier, illumination 
of vacuum lamps by friction. 1270 
Cardot, H.. H. Laugier and R. Legendre, 
thermostat, 1215 

Carpenter, E. F., Sc H. T. Stetson. 

thermoelectric photometer. 234 
Carpenter, H. C. H.. metallic crystals. 
355 

Carrara, N., imperfect gases. 1228 ; 
reflection of X-rays. 2980; total 
reflection of X-rays, 2622 
Carrclli, A., fluorescence, 2205 ; fluores¬ 
cent solutions. 70 ; light-scattering. 
2057 ; scattering of light. 2487 ; 
spectral lines, 840 

Carrclli, A., Sc P. Pringsheim, dyestuffs, 
497 ; phosphorescence, 78 
Carriirc, /., acoustic probes. 1340 
Carroll. B. 1L, Sc J. H. Mathews, 
calorimeter. 1214 

Came, G. A., Sc D. Jack. X-ray corpus¬ 
cular emission, 2101 
Carson. J. R., Heaviside calculus, 1058 ; 

Rayleigh reciprocal theorem, 3017 
Carter, F. E., metals of the platinum 
group, 1307 

Carver. E. K., T. VV. Richards Sc C. L. 

Speycrs, surface tension, 1978 
Case, J.. thin-walled tubes, 737 
Casper, L., K. Hubmann Sc J. Zcnncck, 
oscillating circuits. 2578 ; wave¬ 
form. 1920 

Catalan, M. A., spectral terms of the 
iron-lines. 2513 
Ccrmak, I\. blown pipes, 1801 
Chadwick, J., Sc h. Rutherford, bom¬ 
bardment by a particles, 1833 ; disin¬ 
tegration of elements, 2900 ; radium 
C, 2989 


Chalonge, D.. G. Ddjardin Sc P. Lambert, 
double spectrograph, 2482 ; solar 
radiations. 510 

Chamid, (Miss), ionisation of quinine sul¬ 
phate. 171 

Chamid, C., Sc Iri-ne Curie, radon. 2120 
Chant, C. A., aurora. 444 
Chapman, Muriel C. C.. photochemistry, 
2741 

Chapman, S.. atmospheric tide, 1710; 
ionised stream in earth’s magnetic 
field, 1101 ; oscillation of the 
atmosphere, 2683 

Chapman, S., Sc \V. Hainsworth, vis¬ 
cosity, 2810 

Chapman. S.. & T. T. Whitehead, 
potential gradients at Ebro. 1532 
Chariton. J.. & N. Semcnoff, condensa¬ 
tion of metal-vapours. 2550 
Charriou. A., electrolytic purification of 
precipitates. 1626 
Chassy, A., ozone. 1971 
Chatley. H . molecular fields and cohe¬ 
sion. 2426 

Chatto. H. M.. J. A. Abbott Sc W. K. 

Barss, phonograph horns. 1240 
Chaudhuri, R. N.. electrons, 133; 

motion of electrons. 314 
Chaudhuri, S. G. A J. N. Mukherjee, 
suspensoids. 2176 

Chenault. R. L.. P. D. Foote. A 1C. 
Ruark Sc F. L. Molder, spectra. 849. 
2762 

Chenevcau. C.. A- J. Calamo. measure¬ 
ment of thin plates. 724 
Cheshire. F. J., Sc J. W. Nicholson, 
testing prisms. 1141 
Ch'ing-Sung Yo. CG Cygni. 231 
Chipart. H . luminous waves, 1783 ; 
optical activity, 1442 ; optically 
active media, 2039: polarisation. 
827, 1151; Poyntng’s theorem. 2066; 
propagation of light. 1154 ; rotatory 
polarisation. 2tK)7 

Clirce, C.. atmospheric pressure, 2682 ; 
magnetic, declination, 1001 ; mag¬ 
netic phenomena in the Antarctic, 
671 ; periodicities, solar and meteo¬ 
rological. 2688 

Chrce, C.. & L. A. Bauer, earth's 
magnetic activity, 1003 
Chrce. C., Sc K. E. Watson, potential 
gradient. Kew, 1531 • 

Chrdticn. H.. objectives. 1137 
Chu.C.T.. Sc C. B Bazzoni, X rays, 1493 
Cillicrs, A. C.. A* W. Gcrlach, atomic 
magnetic moments, 2663 
Ciofli. P. I*., magnetic measurements, 
2839 

Cisotti, U.. paradox of d’Alembert. 2658 
Citron, L.. hydrogen spectrum, 1171 
Clack. B. W., diffusion in liquids. 2381 
Clapson, W. J., Sc A. E. R. West man, 
carbon arcs. 1895 
Clark. G. I,.. X-rays. 1185 
Clark. G. L., Sc S. K. Allison, X-ravs, 
2112 
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Clark. G. L.. & VV. Duane, photo¬ 
electrons. 2102; X-rays. 866. 869. 
1491. 1492. 1819 

Clark. G. L.. VV. Duane. & W. VV: 

Stiller. X-rays. 1820 
Clark. L. H., radium balance. 1199: 

X-ray balance radiometer, 284! 

Clark. VV., bromide emulsion. 1013; 

photographic emulsion. 1167 
Clark, VV. 1., ionising potentials, 1262 
Clarkson, W., & J. Taylor, comparison of 
capacities and high resistances, 1579 : 
low-voltage neon discharge tube. 2569 
Clavier. (Miss), photographic photo¬ 
metric measurements. 1768 
Clayden. A. VV., actinograph, 393 
Cloud, J. H.. conical horns. 581 
Clough. H. W.. meteorology. 773 
Cobb, I*. VV., field brightness, 60 ; 
vision, 1420 

Coblcntz. VV. VV.. thermal radiation. 
1519 ; thermoelectric properties of 
molybdenite. 2592 

Coblentz, W. VV.. A C. W. Hughes. 

emissive tests of paints. 2538 
Codd. M. A.. X-ray technique. 1588 
Cochn, A., & E. Duhme. contact elec¬ 
tricity. 2820 

Cochn, A.. & H. Neumann, electrolytic 
gas bubbles. 713 

Coghill, VV. H.. & C. O. Anderson. 

intcrfacial tension equilibria, 722 
Cohen. E.. & H. It. Bruins, diffusion of 
metals, 2182. 2183 

Cohen. E.. VV. D. Hcldcrman A A. L. T. 
Moesvcld. calorimeter. 2998 ; specific 
heats. 2995 

Cohen, E.. VV. A. T. Mcestcr A A. L. T. 

Moesvcld. solubilities. 3079 
Coker, E. C., photoelastic methods. 201 
Colby. VV. F., HC1 spectrum. 1479 
Cole, G. H., silicon steel, 994 
Collcnbcrg, O., oxidation potentials. 2189 
Collcnbcrg, O., A J. Backer, electro¬ 
lytic reduction of tungstic acid. 2194 
Collet, Paule, paramagnetism. 1684 
Collet. Paule. & P. Weiss, paramagnet¬ 
ism. 2600 

Collins, E. H.. X-rays from aluminium 
foil, 2520 

Collins, H., neon and argon. 1388 ; 
structure of calcium. 2911; struc¬ 
ture of cobalt. 2912 ; structure of 
copper. 2913 

Comandon A Lomon. radiography of the 
human heart, 1587 

Compton. A. H.. diffraction by a 
crystal. 415 ; scattered X-rays. 551 : | 
scattering of X-rays, 634. 2785; 
X-ray quanta, 1186 

Compton. A. H., & C. F. Hagenow. 
X-rays, 1824 

Compton. A. H.. & J. C. Hubbard. 
X-rays. 1489 

Compton. K. T., electrons in gases. 593. 
594 ; ionisation of gases. 1873; 
properties of excited atoms. 507 


Compton. K. T.. & O. S. Duffendack, 
dissociation of hydrogen, 2134 
Compton. K. T.. & C. H. Eckart. 
abnormal low voltage arcs. 2828 ; 
helium arc. 1277 

Compton. K. T.. A T. E. Foulke, glow 
discharge. 602 

Compton. K. T., A P. S. Olmstead, 
radiation potentials, 1170 
Compton. K. T., A H. N. Russell, 
hydrogen lines in giant stars. 2767 
Compton, K. T., A L. A. Turner, mercury 
band-spectrum, 2766 
Congdon. J. F.. emission, 1255 
Connolly. T. F., levelling instruments, 
1348 ; levels. 2383 
Conrad. F.. wave filters, 1906 
Cook. M., crystal growth in cadmium. 
358 

Coolidge. A. S.. adsorption, 1942; 
manometer. 1345 

Cooper. H. M.. A J. D. Davis, calori¬ 
metric resistance thermometers. 2542 
Cooper, H. S.. zirconium, 1637 
Cooper. VV. R. t periodic law, 1010 
Core, A. F.. solutions, 2167 
Cortie. A. L.. magnetic disturbance, 
1924, 2695 ; terrestrial magnetism. 
3065 

Coster, D.. hafnium and thulium, 283; 
spectra. 1164* ; spectra in the X-ray 
sphere. 2521 

Coster. D.. Y. Nishina A S. Werner. 

absorption spectra. 548 
Cotter. J. R. t heat escape from earth's 
surface. 2939 

Cotton. A., photoelectric properties of 
cuprous oxide. 2628 ; silvering 
glass. 1657 

des Coudres. T., miscibility, 1218 
Counson. L.. liquid mixtures, 453 
Courvoisier, L.. cosmical refraction, 2218 
Crandall A MacKcnzie, phonetic energy, 
876 b 

Crandall. I. B.. & C. F. Sacia, vowel 
sounds. 2656 

Cranz, H., prism objectives. 2262; 
prisms. 1143 

Crapper. E. H., magnetic analysis, 2697 
Crofutt, C. B.. spectra of tungsten, 
2279 

Crowther. J. A., oscillograph. 1575; 
X-ray production. 1814; X-rays, 
1486 

Croze. F.. chromosphere. 1165; reson¬ 
ance lines, 841 

CsAszir, E.. specific heats. 668 
Cummings. E. E.. stellar photometer, 
1121 

Curie. Ir£ne. cr-rays, 107 
Curie. Irfcne. A C. Chami£, radon. 2120 
Curie. M., photoelectric effect. 2491. 
3048 ; photoluminescence, 2606 ; 
spark spectra. 505 
Curie. (Mme.) P.. isotopes, 1304 
Currie. J. E.. A E. F. Burton, colloidal 
particles. 1955 
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Curtis, H. I... & R. C. Duncan, short- 
time intervals, 179 

Curtis, H. I... W. H. Wadleigh. A A. H. 

Sellman, high-speed camera, 2406 
Czerny, M.. radiation from platinum. 

2753 


Dacos, F., Einstein's restricted relativity 
theory. 2927 ; kathode ravs, 188S 
Dallas. (Miss) A. E. M. M.. & C. G. 
Barkla. X-rays. 874 

v. Dallwitz-Wegncr, R.. perpetual 

motion. 906 

v. Dallwitz-Wegncr. R., E. Zachntann 
A P. Lenard. surface tension. 2413 
Dammann, (Miss). Mrs. Hec. Lacoste. 
Rothe A Bois, sound transmission. 
3014 

Daniels, F., & A. K Brewer, oxidation 
of nitric oxide. 1874 
Daniels, F\. P. Keene A P. D. V. Man¬ 
ning. high-voltage, high-frequency 
discharge through air. 1897 
Daniels. F.. * J. \V. Williams, specific 
heats of organic liquids, 2801 
Danjon, A., large objective at Strasbourg 
observatory. 2728 

Danjon, A.. J. I.angevin Sc E. Bauer. 

crepuscular phenomena. 2450 
Darling. C. R. t A R. H. Rinaldi, thermo¬ 
electric properties of bismuth alloys. 
2591 

Darmois, E.. hydrogen-ion concentra¬ 
tion, 1322 

Darmois, G., relativity. 2009 
Darmois, G., A G. Riband, fluxmeter. 
2336 

Darwin. C. G.. & R. H. Fowler, dissocia¬ 
tion, 1033 

Das. P„ spectrum of hydrogen, 20 
Datta, S. K.. pianoforte. 921 
Dauvillicr, A.. Compton effect. 2759 ; 

I. levels of atoms, 1382 ; X-ravs. 
862, 2106 

Dauvillicr. A., & I., dc Broglie. X-ray 
spectra. 1683 

Dauvillicr. A .ftM.dc Broglie. Compton 
effect, 2758 

Dauvillicr. A.. R. !,cdoux-l.cl>ard & A. 

f.epape. X-ray diagnosis. 672 
Davey. W. P., atomic radii. 1678; 
radiation, 2072. 2073 : radii of 

ions. 419 

Davidson, C. R., A E. Martin, faint 
stars. 2228 

Davies, Ann C.. & F. Horton, electron 
energies. 313 : secondary electrons. 
939 

Davies. Ann F. Horton A t'rsula 
Andrewcs, X-rays, 871 
Davies, C. W.. Ac L. J. Hudleston, 
transference numbers. 1626 
Davies, E. C. H . I.icscgang rings. 344 
Davis, A. H.. convective cooling. 2127; 

wires in viscous liquids. 2287 
Davis. B., ft R v. Nardroff. X-rays. I486 • 


j Davis. C. E.. H. M. Salisbury A M. 1 
Harvey, gelatin solutions. 1337 
Davis. H. M.. Joule-Thomson effect. 895 
Davis. J. D.. calorimetric apparatus. 
2997 

Davis. J. IV. A: H. M. Cooper, calori¬ 
metric resistance thermometers, 2542 
Davis. W. A.. A: J. V. Eyre, hydration 
process. 678 

Davisson. C.. scattering of electrons. 311 ; 

thermionic emission. 1256 
Davisson. C.. & <\ H Kunsman, low- 
speed electrons. 592 
Davisson. C.. A: J. R. Weeks. Jr . 

thermal emissive power, 2295 
Davy. N.. A: P. E. Shaw, gravitative 
attraction. 218 
Dawes. H. F.. dispersion. 67 
Dawson. L. E.. pressure regulator. 1362 
Debye. IV. osmotic equation of state. 

1957 ; osmotic pressure. 158 
Debye. I*., A- E. Iltukcl. cataphoresis. 
1631 

DtfcomlK*. I... entropy. 1241 
Defant. A., atmospheric turbidity. 225; 
cyclones. 1707 ; polar-front theory, 
2014 

Defosse/. I... A. Jaquerod A II. Mugeli, 
pivotal movements. 200 
l>rjardin, G„ s|>ectra of argon, krypton 
anti xenon, 1796 

IV-jardin, G.. A I.. A; E. Bloch, spectra. 

1471 

Dcjardin, G., D. Chalongc A P. I.aml>ert. 
double s|K‘Ctrograph. 2482 : solar 
radiation, ftin 

Dcjean. I’., soft steel in magnetic fields. 
2159 

Dcjean. P„ Sc R. Fortrat, intense 
magnetic fields. 668 

Delmas. If.. A Sauvageot, tempering, 
1030 

Demctrescu. G.. astrographic objectives. 

1431 

Doming. II. G.. spotilie gravity tables, 
2398 

Doming. II. G.. A B. C. Hendricks. 

diftusion of hydrogen, 1306 
Dcmora. (Min) F.. A- J. Pionchon, 
photoelectric properties of cuprous 
oxide. 2628 

Dempster. A. J.. helium, 1538 
Dempster. J. B.. A E. O. Iliilburt. 

standards of capacity, 640 
Dcodhar. I>. B.. collision of spherical 
Itodies. 2898 ; luminosity of vacuum 
tulH*s, 2574 

Dcodhar. D. B. A G. B. Dcodhar. 

|K>larisation of fused salts. 484 
Dcodhar. G. B . torsion modulus of 
eureka wire. 1048 

Dos land res. II.. hand spectra. 2761 ; 

I.a Courtine explosions. 2301 
Dcsrivicrcs. Esc her-. J., polonium. 2115 ; 
precipitation of |x>lonium by silver 
chloride. 2794 

Dessaner. I*., transformers, 504u 
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Dessauer, F.. A R. Herz, scattered 
X-rays. 2081 

Devaux. H., wetting of surfaces. 382 
I)6v6, C.. optical surfaces. 2738 
Dhar, N. R., K. C. Sen A S. Ghosh. 

adsorption, 1940 
Dieterici, C.. solutions, 159 
Dietcrle, R., surface resistance, 1284 
Dieterle, W., electro-analytical estima¬ 
tion, 1038 

Dieterle, W., A A. Gutbier. electrolysis 
of thallium sulphate. 712 
Dictzius, R., solar spectrum. 845; 
sun. 230 ; temperature of the surface 
of the moon, 2221 

van Dijk, G.. magnetic character of 1922. 
669 

Dik, H. \V. J., A P. Zeeman, spectra, 
852 ; spectra of potassium and of 
argon, 95 

Dinkelackcr, O.. G. Joos A C. FUcht- 
bauer, spectral lines. 80 
Dirac. P. A. M., dissociation. 2624 ; 

Einstein relativity, 2205 
Ditisheini. P.. error of watches, 180 
Dixon. II. B., A G. Greenwood, speeds of 
sound, 1520 

Dobrowolska, (Miss) H., A I.. Werten- 
stein, radio-active elements in metals. 

555 

Dobson. G. M. B., atmosphere, 42; 
photoelectric photometer. 01 ; solar 
radiation. 45 

Doerner, H. A.. A- D. C. Bard well, 
alpha-ray bulb. 560 

DolcjSck, V., N-series. 1190; X-ray 
spectra, 1193 

Donati, A.. A C. Porlczza. spcctrographic 
analysis, 2509 

Doodson, A. T.. sea-level and tides, 2024 
Doodson, A. T., A J. Proudman, North 
Sea tides. 2692 

Dorfmann. J., atomic structure, 2008 
Dorgelo, H. B., spectral lines, 1464 
Dorgelo, H. B., A H. C. Burger, quantum 
numbers, 1455 

Dorno, C., K. \V. Meissner A W. Vahle, 
solar radiation, 2961 
Douglas, A. V.. real and apparent 
velocities, 2459 . „ 

Draper. H. D.. J. H. Hildebrand A P. 

Finkle, emulsification. 1598 
Dreyfuss, L., glow-discharge. 938 
Driesen. A., image of a diffraction 
grating, 465 

Droste, B., sun-spot period and tempera¬ 
ture variations, 2935 
Drucker, C., action of ammonium 
chloride on zinc, 684 
Drucker, C., A G. Riethof, strong electro¬ 
lytes, 2614 

Drumaux. P., Einstein theory, /66 
Drysdale, C. V., field round a submarine 
cable, 2153 

Duane, W., A S. K. Allison, bromine 
X-radiation, 2745 ; tertiary X-rays, 
2097 


Duane, W., A G. L. Clark, photo¬ 
electrons. 2102; X-rays, 866, 869, 
1491, 1492, 1819 

Duane. W., W. W. Stifler A G. L. Clark, 
X-rays, 1820 

Dubois, E., disruptive potential, 948 
Dubois. R., oscillograph, 643 
Dubrisay, R., A P. Picard, capillary 
phenomena, 383; surface tension, 
1340 

Duclaux. J.. A P. Jeantet, dispersion of 
water,2474 ; spectrographic methods, 

1792 

DOmpelmann, R., A W. Hein, photo¬ 
electric effect, 1883 

Duffendack, O. S., A K. T. Compton, 
dissociation of hydrogen, 2134 
Duffieux. M., band spectra attributed to 
nitrogen. 1176; band spectrum of 
nitrogen. 2271 

Du fiord. R. T., S. Calvert A Dorothy 
Nightingale, luminescence, 269 
Dufour, A., explosion at La Courtine. 

2300 ; oscillations, 1929 
Dufour. A.. A R. Mesny, valve trans¬ 
mitters, 959 

Dufraisse, C.. P. Gailliot. C. Moureu A 
L. Tampicr. gels, 3077 
Duhme. E.. A A. Cochn. contact elec¬ 
tricity. 2820 

Duncan. R. C.. A H. L. Curtis, short- 
time intervals, 179 

Duncan. R. W.. W. S. Mathews A C, B. 

Bazzoni. photographic densities, 464 
Dundon. M. L., glass-to-mctal joint, 2 
Dunmore. F.W.. A F. H. Engel, measure¬ 
ment of short wave-lengths, 663 
Dunoycr, L., luminous emission, 1780 ; 

variable magnification, 2727 
Dunoyer. L.. A P. Toulon, arc relay. 
3056 ; arc relays with exterior sheath, 
3054 ; mercury arc, 2837 * 

Duschek-Frankfurt. A., brightness, 1410 
Dushman, S., electron emission. 310, 
1878. 2314 • , 

Dushman, S., A C. G. Found, ionisation 
gauge. 2317 

Dwight. H. B., proximity effect, 28 b r 
Dye, D. W\. tuning-forks, 3009 

Eastman, E. D., thermodynamics, 1240 ; 

X-ray diffraction patterns, 1684 
Eastman. E. D.. A. M. Williams A 
T. F. Young, electrons. 2128 ; specific 
heats. 2126 

Ebert, H., vacuum pumps, 717 
Eckart, C. H.. A K. T. Compton, 
abnormal low-voltage arcs, 2828 ; 
helium arc, 1277 

Eddington. A. S., gravitation, 1084; 
masses of stars, 1730 ; radiation in¬ 
side a star. 1109 ; spinning rod, 1085 
Eder. J. M., rare earths’spectra, 96 ; 

spectrum of terbium, 271 ; ultra¬ 
violet dosage, 244 . 

Edgeworth. F. Y., reducing observations, 

736 / , /.I 
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Edwards. C. A., & C. R. Austin, hard¬ 
ness, 347 

Edwards. D. L„ parallaxes. 1736 
Edwards. J. D., & C. S. Taylor, density. 
2880 

Eger, G.. electrolytically prepared sheet 
metal. 2193 

Egerton, A. C., & F. V. Raleigh, vapour 
.pressures, 903 

Eggert, J., ethyl maleate, 1310 ; photo¬ 
chemical equivalence. 492 . 

Eggert. J.. & G. Archenold, photo¬ 
graphic plates, 2490 
Eggert, J.. ft W. Noddack. photo¬ 
chemical equivalence. 490 
Eglin, J. M., motion of oil drops. 381 
Eguchi, M., charge of the electret, 
1912 

Ehrenfcst. P . heat equilibrium of a gas. 

120 ; quantum theory. 763 
Ehrenfcst, P., Ac A. Einstein, radiation 
equilibrium, 762 

Ehrenfcst, P., 6c P. S. Epstein, Fraun¬ 
hofer diffraction, 1812 
Eichlin, C. G., 6c A. Q. Tool, effects by 
chilling glass, 1659' 

Einstein, ionisation, 911* 

Einstein. A., heat equilibrium. 2752 ; 
quantum problem, 1077 ; radio¬ 
meter. 2724 ; relativity. 222 
Einstein, A., & P. Ehrcnfest. radiation 
equilibrium, 762 

Eiscman, M., M. Knobcl, 6c P. Caplan, 
overvoltage, 1968 

Kldridge. J. A., spectrum of mercury. 
2272 

Ellingham. II. J. T.. 6c A. J. Allmand, 
irreversible electrode phenomena. 
2632 

Elliott. F. A.. S. E. Sheppard, 6c S. S. 
Sweet, gelatin. 082 

Ellis, C. !>., 6c H. \V. B. Skinner, /Fray 
spectrum, 1204, 1206. 1207 
Ellis. J. W . spectra. 1469, 1470 
Elveden, 6c E. Sinkinson, electrolytic 
generator, 1042 

Emdcn, K., radiation equilibrium. 2219 
Enderlc, A., /f rays and y-rays, 1208 
F'ndo, H., volume of metals during 
solidification, 1368 

Engel. F. H . 6c F. W. Dunmore, 
measurement of short wave-lengths, 

053 

Enright, J., & J. J. Nolan, large ions in 
air, 500 

Knskog, D., vapour pressure. 574 
Eppley, M., ft W. C. Vosburgh, Weston 
cells, 047. 1582 

Epstein, P. S.. spheres in gases, 2425 
Epstein P. S. 6c P. Ehrenfcst. Fraun¬ 
hofer diffraction. 1812 
Errera, J.. colloidal solutions. 346 ; 

specific inductive capacity. 2818 
Escande, L., Ac C. Camicnel, hydro¬ 
dynamic similarity. 749 
Escande, L., Ac M. Ricaud, similitude, 
1672 


Escher-Desrivieres, J., polonium. 2115. 
2794 

Esclangon, E.. Einsteinian deviation. 

1083 ; zones of silence, 2302 
Eucken, A., & O. Neumann. Wiedcmann- 
Franz law. 2991 

v. Euler. H.. K. Myrback. & E. Rudbcrg. 
glucose. 1443 

Evans. E. V., & J. S. G. Thomas. 

entrainment of air by a jet, 405 
Evans. G. C.. Bohr-Langmuir trans¬ 
formation. 214 

Evans. J. C.. 6c J. II. Shaxby. "Osglim ” 
neon-filled lamp. 2507 ; powders. 192 
Evans. U. R.. anodic processes, 264 1 ; 
corrosion. 2354; "dry corrosion.” 
342 ; law of definite proportions, 075 
Everett. Alice, curves of a lens. 71 ; 
focal distance, 2044 ; magnification, 
249 

Evcrshcd. J , Einstein effects. 433 
Exner, F.. brightness. 241 ; colour 
vision. 1126 

Exner, F. M.. atmospheric circulation. 
39 ; atmospheric eddies. 2208 ; cy¬ 
clones. 1708 ; gradients of rivers. 
227 ; surface waves, 725 
Eyre. J. V.. A: W. A. Davis, hydration 
process, 678 


F'abinger, J., A F. Jirsn, dissolution ol 
lead. 1975 

Fabre. R.. & E. Bayle, flourescence. 1 160 . 
2266 

Fabry, C.. A: H. Buisson, blackening of 
photographic plates, 1760; photo¬ 
graphic plates, 2489 
Fagc, Winifred E., N. Fleming A: E. A*. 

Owen, gamma rays, 2988 
Fahlman, E. G., & R. J, Anderson, 
internal stress in brass tubing, 2420 
Fairchild. C. O.. A: W. H. Hoover, 
optical pyrometer, I 11 
Fajans, K., A: O. Ilassol. titrating silver 
and halogen ions, 1039 
Fajans, K.. ft G. Joos, refraction of ions 
and molecules. 2239 
F'alkenhagen. H., Paschcn-Back effect, 
2749 

I-arwig. K.. photo-effect, 1259 
Fazel. C. S.. 6c S. R. Parsons, corona.2133 
Fehrle, K., atoms, 420 ; intermittent 
alteration of atoms, 1313 
Fdbeck. G. T.. A: G. A. Goodciiough. 
temperatures attainable by fuels, 
I960 

Ferguson. A., angle of contact between 
paraffin wax and water, 721 ; surfac e- 
tension. 728. 729 

Ferguson. J. B.. A: J. W. Rcbbcck. 

electrolysis of soda-lime glass. 3100 
Fciguson. J. B.. At G. A. Williams, 
helium and hydrogen in silica glass. 
1589 

Ferguson, J. G.. tuning-fork, 1353 
Ferguson. W. B . density meter, 1333 
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Fermi, E.. Ehr«-nfe>t‘s principle. 408 ; 
entropy. 1517: ionisation. 3040; 
optical resonance, reflection and 
diffusion. 2236 : photoelectric effect. 
963 : quantic states. 2120; quantum 
states. 2553 

Ferree. C. E.. A- O. Rand, ocular func¬ 
tions. 2478 

Ferrie. G.. R. Jouaust & R. Mesne, 
amplification of currents. 1015 ; 

photoelectric cells. 654 
Fcrridres, spectrum of ammonia gas. 1172 
Fenssncr, O.. electrical conductivity and 
the Bohr atomic theory. 2382; 
resistance of platinum. 1281 
Fichtcr. M.. sliding friction. 2387 
Ficker, H., cyclones. 38 
Filon, L. N. ().. height by aneroid. 305 
Fincham. E. F.. microscope, 2247 
Fink, C. (i.. catalytic electrolytic oxygen. 
2640 ; chromium-plating of steel. 
2380* 

Fink. W. L., A. W. Smith A E. D. 
Campbell, magnetic properties of 
steel. 1032 

Finklc. R. H. D. Draper A J. H. 

Hildebrand, emulsification. 1508 
Firth. J. B.. density of charcoal. 371 
Fischer, J.. diffraction. 237 
Fischer, K.. rainfall equation. 2032 
Fischer, V., curves of state, 1848 ; 
equation of state. 116 ; vapour 
tension at low temperatures. 2207 
Fisher, E. A., freezing water, 1510 
Fisher. J. \\\, second law of thermo¬ 
dynamics, 1852 

Fisher. R. A., errors of observation. 391 
Fisher, W. J.. lunar eclipses. 1724 
FitzGerald. A. S., protection of alter¬ 
nating-current circuits. 1170b 
Flath, A., A E. Mailer, electrometric 
estimation. 1040 

Flcischmann, L., problems involving 
reactances and capacity, 788b 
Fleming. N.. E. A. Owen A Winifred E. 

Fage. gamma rays. 2988 
Fletcher. H.. pitch. I860 
FlUrschcim. B.. valency. 1945 
Fo*. F... A B. L. Montel. flow of gas 
through a jet, 10 

Fdrsterling, K.. adiabatic hypothesis. 
2437; electric waves. 138; electrical 
waves, 1901 ; scattering of X-rays. 
2783 ; skin effect. 1027 
Forsterling. K.. A G. Hansen. Zeeman 
effect. 530 

Fogler, M. F.. & W. H. Rodebush. 
vaporisation of mercury and cad¬ 
mium. 290 

Foley. F. B., H. M. Howe A J. Winlock. 
carbon-steel. 2622 

Fonovits-Smereker. H.. radium C, 886 

Foote. P. D.. R. L. Chenault. F. L. 
Mohler A A. E. Ruark. spectra. 
849, 2762 

Foote. P. D.. F. I- Mohler & A. E. Ruark. 
helium, 1379 


Forbes. A.. & D. W. Mann, string 
galvanometer. 3058 
Forbes. G. S.. A L. P. Hall, oxidation 
potentials. 1319 

dc Forcrand. heat of vaporisation of 
carbon. 2540 

Ford. J. M.. & A. B. Wood, phonic 
chronometer. 1661 

Forrer. R., & P. Weiss, magnetic iso¬ 
thermals of nickel. 1931 ; spon¬ 
taneous magnetisation of nickel, 
2602 ; thermomagnetic phenomenon, 
1935 : thermomagnetic phenomenon 
of nickel. 1934 

Forsythe. W. E.. brightness photo¬ 
meter. 1771; colour match, 1415; 
temperature scales, 1506 
Forti. Burali-, C.. Einstein data, 434 
Fortrat. R.. balance. 374 ; band-spectra. 
2077 ; band 3064 of oxygen. 1790; 
hydrocarbon band. 1794 
Fortrat. R.. A P. Dejcan. intense 
magnetic fields. 668 
Fortsch, A. R.. A J. N. Pearce, free 
energy of dilution. 1323 
Fortsch. A. R.. A R. E. Wilson, oils. 2891 
Foster. J. S.. spectrograph. 1429; 
Stark effect, 2277 

Foster. R. M.. Campbell's driving-point 
impedance theorem, 2343 
Foulke. T. E.. & K. T. Compton, glow 
discharge. 602 

Found. C J.. A S. Dushman. ionisation 
gauge. 2317 

Fournier. F. E.. cyclones. 1089 
Fowler. A., carbon scries. 1473 ; spectra, 

1164* 

Fowler. R.H., capturcof electrons, 1200; 
covalcncy. 1017; ionisation, 1257; 
non polar link. 1018* 

Fowler. R. H.. A C. G. Darwin, dissocia¬ 
tion. 1033 

Fowler. R. H.. A E. A. Milne, stellar 
spectra. 2700 

France. W. G.. A W. H. Moran, trans¬ 
ference numbers, 1624 
Franck. J.. fluorescence, 613; positive 
ions. 2564 

Frank. H. S.. A A. Lowy, benzene, 1639 
Franke. H.. X-ray protective materials, 
1004 

Frankfurt. Duschck-. A., brightness, 1416 
Franks. W. S.. star colours, 810 
Frazer. J. C. W.. W. H. Bah Ike A B. F. 
Lovelace, vapour pressure of lithium 
chloride solutions. 1222 

Fredrickson. W.. A R. D. Klceman. 

charge of metal in a liquid, 695 
Free. E. E.. Bohr’s model, 1072 
Frchafcr. M. Katherine. I. G. Priest A 
H. J. McNicholas, spectral trans¬ 
mission. 1434 

French, J. W.. stereoscopic vision, 459 
Frenkel. J.. adsorption, 2844 ; solid 
bodies. 2434 

Frenzel. C.. chemical change with vari¬ 
able concentration. 28G6 
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Frerichs. R., copper spectrum, 853 
Freundlich. E., & E. Hocheim, cyanogen 
band, 3883 a. 2775 

Freundlich, H., & Emmy Schalek, 
colloidal solutions, 2173 
Fricdel, E., & F. Wolfers. X-rays, 1184 
Friedmann. A., curvature of space, 1399 
Friedrich, \\\, Sc M. Bender, scattered 
X-rays, 1823 

Friend, J. A. N., corrosion, 1025 
Friend, J. N., & J. S. Tidmus, corrosion 
of zinc and lead, 2G16 
Friend, J. N.. Sc R. H. Vallance. thermal 
coefficients of expansion. 2534 
Frith, J., Sc F. Buckingham, whirling 
of shafts. 750 

Fritts, E. C.. dielectric constant of 
hydrogen, etc., 1914 
Froelich, Clara L., colour mixture trans¬ 
formation diagrams. 2711 
Frblich. P. K„ J. L. Gillson Sc M. de K. 

Thompson, diamonds. 1309 
Frost. E. B , Sc (Miss) F. Lowater. Mira 
Ceti, etc., 1749 

Frumkin, A., gas-liquid bounding sur¬ 
faces, 3008 ; potential difference be¬ 
tween air and a solution. 2308 
Fruth, H. F., ionisation of gases, 599 
Fry. T. C.. potential between electrodes. 
1040 

Fry. T. C.. Sc R. V. L. Hartley, location 
of sounds, 1245 

Fryze, S., general a.c. theory, 2340 
I'Uchsel, electrolytic chromium. 2379* 
Ftichtbauer. C.. G. Joos 6c O. Dinkc- 
lacker. spectral lines, 80 
FOrth. R., dielectric constant, 1671 
Fucs, E., Bohr’s atom, 1378 
Fujita, A., Sc L. Michaclis, phase bound¬ 
ary potentials, 2020 
Fulchcris, G., Sc A. Pochettino. iodine. 
020 

Furman. N. H., clcctro-titration, 1021 

Gabriel, J.. thunderstorms, 1709 
Gacdc, W., air pump. 710 
Gagnebin. S.. dielectric constants of 
nuartz. 2580 

Gailliot, I*., C. Dufraisse. C. Mourcu Sc 
L. Tampicr, gels, 3077 
Gale, H. G., Sc G. S. Monk, fluorine 
spectrum, 1470 

Gall. D. C.. Sc F. II. Schofield, pyrometer. 
2123 

Gallissot, C.. atmosphere, 2934 
Gancsan. A S., scattering of light, 1412 
Gancsan. A. S., Sc C. V. Raman, helium 
spectrum, 1477 

Cans, R., colour of the sea. 2710 ; mer¬ 
cury surface. 2028 ; optically active 
substances. 2712 ; Tyndall pheno¬ 
menon, 1413 

Garabcdian, C. A.. Mcsnagcr, clastic 
deformation of a thick plate, 1050 
Garrison, A., photo voltaic cell, 2100 
Garrison, A. D., cuprous oxide, 1605 ; 
photo-voltaic cells. 1325 


Gaudcfroy. C., refraction. 828. 829 
Gauger. A. W., potentials of hydrogen, 
1620 

Gauster, \V., Airv potential function, 
2423 

Gautier, R., meteorological observations 
at Geneva. 1700 

Gautier. R., & E. Rod. observations at 
Saint Maurice, 776 

Gaviola. E.. & P. Pringshcim, fluores¬ 
cence of dyestuffs. 2263 ; resonance 
radiation. 2497 

Gazaud, L., sound transmission, 3013 
Gcddcs, A. E. M.. Balmer series. 2075 
Gehlhoff, G.. & H. Schering, glare and 
headlights. 457 ; photometer. 1120 
Gehrckc. E.. relativity. 768 ; " Sama” 
state, 445 

Gchrcke. E.. & E. Lau, components of 
H«. 2751 ; hydrogen spectrum, 847 
Geiger. H.. a- and ^ particle counter, 
2984 

Geiger, H., & \V. Bothe, theory of Bohr. 

Kramers and Slater. 2525 
Geiger. H.. & A. Werner, a-particles. 1203 
Geiger. P. H.. argentitc. 636 
Geiger. S.. rubidium radiation, 1196 
Geiss. NV.. elasticity of metals. 378 
General Electric Co. (London), Research 
Staff of. electric discharge, 3039 ; 
gas in the electric discharge. 1891 ; 
measuring small currents, 648 ; tung¬ 
sten single crystals. 2414 
Gcnthc, K.. & A. Wigand, vertical 
vision. 2213; visibility. 2043 
George. H., Sc E. Bayle, colours of 
fluorescence. 2208 

George, W. H., struck string. 1627 ; 

theories of struck string, 2660 . 2661 
Geppcrt, H.. Kepler eclipse, 2429 
Gcrlach. W., Faraday effect, 2748 ; 
spectra. 850 

Gcrlach. W., 6c O. Brczina. multiple 
lines. 1456 

Gcrlach. W. t Sc A. C. Cilliers. atomic 
magnetic moments, 2663 
Gcrlach. W., 6c F. Gromann. spectrum 
of iodine. 616 

Gcrlach. W., Sc E. Madelung, radiometer 
investigations, 1238 

Gcrlach, W.. & O. Stern, quantum 
theory, 2662 

Gcrmann, F. E. E.. radium, 1827 
Gcrmann, F. E. E., Sc M. C. Ifylan. silver 
halides, 1781 

Gctman, F. H., dissociation, 1954 ; fur¬ 
fural s|>cctrum, 1800 

Geygcr. W.. capacity, 649; dielectric 
loss. 329 ; potentiometer, 1916 
Ghosh, J. C., Sc S. C. Bisvas, absorption 
by acids. 1752 

Ghosh. J. C., Sc A. N. Kappana, electro- 
deposition of antimony, 747u 
Ghosh, R. N., & S. Bhargava, clastic 
impact. 2304 ; Trevelyan rocker, 719 
Ghosh. S.. K. C. Sen & N. R. Dliar. 
adsorption. 1940 
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Gibault, G., E. Salles Sc C. Maurain, 
terrestrial electric field, 3027 
Giblett, M. A., marine barometer. 199 
Gibson, A. H., heat dissipation, 742 b 
G ibson. K. S., photoelectric trans- 
missometry, 480 

Gibson, K. S.. Sc E. P. T. Tyndall, 
radiant energy. 824 

Giescler, H., chromium spectrum. 1475 
Giesler, Hilda, & W. Grotrian, absorp¬ 
tion spectra, 2846; iron spectrum, 
2512; spectra, 1474 
Gifford, J. W., object glass. 1134; 
(introduction by T. M. Lowry), re¬ 
fractive indices, 236 ; wave-lengths 
for achromatism in telescopes. 2248 
Gill, E. W. B.. secondary electrons, 940 
Gill. H. V., & J. J. Nolan, electrification 
by pulverisation. 127 
Gillct, A., electro diffusion, 174 
Gillet, C., osmotic effects, 340 
Gillson, A. H. S., relativity. 1401 
Gillson. J. I... P. K. FrOlich, Sc M. de K. 

Thompson, diamonds, 1309 
Gish, O. H., earth currents. 784 
Glagolewa-Arkadicwa. A., short electro¬ 
magnetic waves, 2325 ; short waves, 
1904 

Glaser, L. C., metallography, 2365 
Glasstonc, S., alloys, 3082 ; overvoltage, 
176, 705, 1633. 2643 

v. Gleich, G., relativity, 33 ; relativity 
theory. 2445 

Glockcr, R., & E. Kaupp, electrolytic 
deposits, 2197 

Glocklcr, G.. electrons in methane, 1871 
Goard, A. K., Sc E. K. Iiidcal, catalysis. 
1615, 1616 ; controlled oxygen elec¬ 
trode, 2633 

Gockcl, A., atmospheric ionisation, 1252 ; 
atmospheric permeability for light, 
etc., 41 

Goens, E., Sc E. GrQncisen, metal 
crystals, 2659 ; sound in N f 0 4 . 123 
Goetz, A., glow electronic emission, 605 
Gdtz, I. D., & G. P. Pamfil, diffusion of 
molecules and ions. 2361 
Goldberg, E., sensitometry, 456 
Goldschmidt, H., vapour pressure, 904 
Goldsmith. L. D., liquefaction and recti¬ 
fication of air, 2814 
Goldstein, E., dark space, 1269 
Golsen, A., pressure of radiation, 1440 
Gonell. H. W., X-ray spectrographic 
observations with cellulose, 2788 
Gonell, H. W., H. Mark Sc K. Weissen- 
berg, lattice determinations. 211 
Goodenough, G. A., A G. T. Felbeck, 
temperatures attainable by fuels, 

1960 ' * 

Goos, F.. & P. P- Koch, movement 
detection, 734 
Gorbatchev, P., rainfall, 439 
Gorczynski, L., pyrhcliometer, 1656; 

solar radiation. 446 
Gordon, N. E.. gels, 1593 
Gordon, W., relativity, 223 


Gossmann, O.. ions from hot salts. 1636 
Gottling, P. F., fluorescence, 1161 
Grablovitz. G., seismic tremors, 1712 
Grace, S. F., rotating liquid, 2424 
Granier, J., conductivity of electrolytes, 
2334 

Granier, J., & J. Cabannes, polarisation 
of light, 1150 

Grant, J., & J. R. Partington, concen¬ 
tration cells. 1326 

Grassi, G., resistivity of aluminium, 629 
Gray, J. A., secondary X-rays, 1818 
Gray, R. C., hysteresis, 1930 
Greaves. W. M. H., hydrogen atom, 
423 ; triode, 1667 

Grebe, L., ionisation of air by X-rays, 
2316 

Green, G.. waves in water, 723 
Green. J. B., L-doublets, 1494 
Green, M. M., vaporisation, 1613 
Green. R. G., surface tension, 182 
Green, T. E., magnetic ageing, 991 
Greenhill, G., precession, 1066 
Greenwood. G., & H. B. Dixon, speeds 
of sound, 1529 

Gregory. C. C. L., spiral nebula*, 2233 
Grcinachcr, H., rays and single ions, 
2113; resistance variations, 1676 
Griffith. I. O., measurement of very 
high temperature, 563 
Griffiths, E., wall insulation, 1217 
Griffiths, E., & J. H. Awbcry, heat of 
evaporation of liquids, 2539 
Griffiths, W. T.. Sc J. L. Haughton, 
thread recorder, 1922 
Grimm. F. V.. Sc W. A. Patrick, dielectric 
constants. 1283 

Grimm. H. G.. & K. F. Hcrzfcld, mixed 
crystals. 686 ; valency, 1016 
Grindlcy, E. N., Sc S. H. Piper, structure 
of salts, 210 

Grindlcy. G. C.. Sc A. M. Tyndall, 
emission from an incandescent wire, 
1880 

v. d. Grinten, K., adsorption and kata- 
phoresis, 2842 

Groll, O., depolarisation of light, 2257 
Gromann, F., Sc W. Gcrlach, spectrum 
of iodine, 516 

Gross. P., Sc O. Halpcrn, strong electro¬ 
lytes. 3074 

Gross, R., crystal structure, 1394; 
crystals, 1662 

Gross. R., F. Korcf Sc K. Moers, crystals, 
1601 

Gross, R., Sc H. Mailer, crystal growth, 
1314 

Gross. W.. absorption spectra, 1465 
Grotrian. W., spectra. 848 
Grotrian, W.. Sc Hilda Gieseler, absorp¬ 
tion spectra, 2846 ; iron spectrum, 
2512 ; spectra. 1474 
Grover, F. W., inductance of coils, 639 
Grube. G., Sc L. Baumcister. anodic 
polarised platinum electrodes, 2376 
Grube. G., Sc A. Burkhardt, electrolytic 
chlorate, 1642 - 
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GrQneisen, E., A E. Gocns. metal 

H stals, 2659 ; sound in N,0 4 . 123 
A., & A. Schleedc. X-rays. 872 
Grummann. H. R., earth's field. 1924 
Gruncr. P., relativity. 1403 
Guckel, M.. A H. Kohn, carbon arc, 3034 
Guddcn, B., a-rays from UI and UII. 

2986; phosphors. 1159 
Gudden, B.. & R. Pohl. conductivity 
of cinnabar. 964 ; phosphorcs, 12C5 
GUnthcr, P., viscosity of gases, 2389 
GUnthcr. P., & K. Bcnncwitz, hydrogen 
dissolved in platinum, 3073 
GQnthcr-Schulze. A., electrons, 2313; 
low-discharge. 604. 1890.2137, 2319. 
864; ionisation potential. 603; 
kathode-falls. 1271 ; normal gradient 
in gases, 1547 ; normal kathode- 
falls, 610 ; protective coating on 
aluminium. 2648 ; rectifier, 1546 
GUnthcr, Winter-, H.. A J. Zenneck, 
variable inductance, 2150 
Gu6ry, F., reflection, 2948 
Guidi, C.. testing gas cylinders. 402 
Guild, J., Flicker photometer, 1775 ; 

thermal expansion. 2124 
Guillct, A., rate of pendulums. 401 
Guillct, L., aluminium, 967; copper 
alloys, 2181 ; resistance of alu¬ 
minium. 030 ; resistivity of metals, 
1560 

Guinchant, J., Hertzian waves and 
atmosphere, 2679 

Gumprich. A., rotatory power. 485 
Gunn. R., source of oscillations, 2149 ; 

very small changes of capacity, 2594 
Gunnayya, D., A A. L. Narayan, 
absorption, 2845 ; absorption of 
potassium vapour. 1483 
Guntz, A. A., phosphorescence, 2969 
Gutbier, A., A W. Dictcrlo, electrolysis 
of thallium sulphate, 712 
Gutenberg. IV. earthquakes. 781 ; 
earth's interior. 47; seismic surface 
waves, 2938 

Guthnick, P., photometer. 2951 
Gutton, 0., electric discharge, 1206 ; 

speed of electricity, 3020 
Gutton, C.. A G. J.aville, electrometer 
measurements. 3050 

Guy. W. G., A A. S. Russell, products of 
uranium. 550 

Guyc, C. E., electric discharge, 964, 
955 ; inertia of a spherical electric 
layer, 2308 ; quantum theory, 2307 
Guyc, C. E., A A. Pazziani, glass and 
quartz filaments. 2380 
Gwythcr, R. F., elastic stress, 1074 ; 

clastic stresses. 2419 
Gyemant, A., fluorescence, 2744 

Haas. E.. fatigue oscillations, 820 
Haberlan I. Eva. lens faults. 2484 
Hachey, H. B.. melting ice in benzene, 
2080 

Haenzel, G.. refractomctcrs. 1750 
Hacrpfcr, A., polar planimetcr. 2411 


Haertel-Pflieger, H . singular points of 
circular cubics. 2657 
Hausser, F.. A G. M. Strobl. " atomised " 
liquid. 1988 

Hagenbach, A.. A H. Schumacher, 
iron-spectrum. 92 

Hagenbach. A.. & M. Wehrli, alternating- 
current measurements. 957 ; electric 
arc, 308; sound measurements in 
arc lights. 2575 

Hagenow. C. F . A A. H Compton, 
X-rays, 1824 

Hague, B., wattmeter. 976 
Hahn. O.. A L. Meitner, /f ray spectrum 
of radium. 2763 ; y-rays, 105 
Haines, W. C.. pilot balloons. 2684 
Hainsworth, W..A S. Chapman, viscosity 
2810 

Hainsworth, W. R.. H. J. Rowley A 
D. A. Maclnnes. hydrogen. 2372 
v. Haitian, H.. undissociated acids. 685 
Hale. G. E.. sunspot polarity, 1720; 
sunspots, 1105 

Hall. C. I., A C. G. Beall, vibration 
recorder, 1985 

Hall. L. I\. A G. S. Forbes, oxidation 

n entials, 1319 

It. E., sodium chloride solutions. 

1649 

Halla, F\, tin baths. 1630 
Halpern, O., heat equilibrium between 
cavity radiation a ml q u an t iscd a toms, 
1226 ; helium model, 422; photo- 
phoresis. 1149; radiation theory. 
678; spectrum of hydrogen, 516; 
Zeeman effect. 529 

Halpern O., A P. Gross, strong electro¬ 
lytes. 3074 

Hamburger, L.. spectral intensities, 2064 
Hammarstcn. E. A H. Ilammarstcn. 

osmotic pressure of electrolytes, 1602 
Hammcrshaimh. G., X-rays and dis¬ 
ruptive discharge. 281 
Hand. I. F., A H. 11. Kimball, dust 
content of the atmosphere, 2448 
Handford, C.. slipping in metals, 1995 
Hancmann, H.. A II. Schulz, optics of 
metal surfaces, 1406 
Hanot, (Miss) M., hydrogen spectrum, 
1802 

Hansen. G., Lummcr plate. 2250 
Hansen. G., A K. I'Orstcrling. Zeeman 
effect. 630 

Hansen. II. M. t A S. Werner, spectrum 
of hafnium. 268 

Hanson, E. T., motion of .a projectile. 
747; objectives, 1132; vibrating 
disc. 6 

Hantzsch. A., non-ionised acids. 2869 
Hare, A., polymorphic transformation 
energies, 3044 

Hare, A., A R. Whiddington, micro- 
manometer. 308 

Hargreaves. R., Einstein's quadratic 
form. 2603 

Harkins. W. I)., A S. K. Allison, helium 
in gases. 1944 



1128 


NAME INDEX. 


Harkins, \Y. D. t vV S. J. Bircher, over¬ 
voltage. 1035 

Harkins. \Y. D.. «V E. B. Keith, emul¬ 
sions, 2337 

Harkins, VV. D. & R. VV. Ryan, 
photographing the disintegration of 
an atom, 287 

Harms, F.. Foucault’s pendulum, 1331 ; 
ionisation, 933 

Harper, VV. E., & R. K. Young, stars. 
1110 

Harrington, E. L.. mercury lamp. 326 
Harris. J. E.. & E. E. Schumacher, 
gases evolved from glasses, 1305 
Harris. L. J., quinhydrone electrode. 
1036 

Harris, R. E., spectra of zinc and 
calcium, 2273 

Harrison, G. R., densitometer. 372 
Harrison. G. R.. & C. E. Hesthal, 
photometry. 1763 

Hart. M. D.. acoustical energy. 1243 
Hartley, R. V. L.. A: T. C. Fry. location 
of sounds, 1243 

Hartmann, VV.. whirlwinds. 2209 
Hartrce. D. R., atomic structure and 
X-rays. 754 ; /1-rays. 885 ; electro¬ 
magnetic waves, 29; spectra. 760. 
1169 

Hartrce. VV.. measurement of small rates 
of heat-production. 2541 
Hartridge, H.. hearing. 3012 
Hartshorn. L.. air condensers. 3024 ; 
capacities. 3025 

Harvey, M. T.. C. E. Davis & H. M. 

Salisbury, gelatin solutions, 1337 
Hasscl, O.. & K. Fajans. titrating silver 
and halogen ions. 1039 
Hasscl, O., A H. Mark, acetaldehyde 
molecules, 2916; bismuth. 1682; 
graphite, 2441 ; structure of 
(NH 4 ) a ZrF,. 2917 

Hauer. F., ionisation by a-rays. 884 
Haughton. J. 1... & VV. T. Griffiths. 

thread recorder, 1922 
Hausen, H., O. Knoblauch & E. Raisch, 
water-vapour. 114 

Havelock. T. H.. optical dispersion. 

2034 ; radiation pressure. 2005 
Hawkslcy. C. W., crystal sections, 2068 
Hay, D. L., McLeod gauge. 397 
Hayashi, K.. & J. Sameshima. adsorp¬ 
tion of charcoal, 2382 
Hayes. H. C.. ocean depths by acoustical 
methods, 1987 

Hazard. D. L.. solar eclipse 1923. : 2695 
Heaps. C.W., magnctostricUon. 663.2347 
Hcbbcl. K.. & M. Trautz. specific heat. 
2290 

Heckmann. G., elastic constants. 1681 ; 
fluorspar. 1391 

Hector. L. G.. & A P- Wills manetic 
susceptibility of oxygen, etc., 1936 
Heddle, W. M., & R. A. Houstoun, 
visibility of red light. 245 
Hedges, J. J.j & A. VV. Porter, colloidal 
suspensions ' , ' t 


345 


Hee, (Mrs.). Bois, (Miss) Dammann, 
Lacoste & Rothe, sound transmis¬ 
sion. 3014 

Hecgner, K.. coupled circuits, 128 b; 
surges, 2579 

Heilman. R. H., heat transmission, 926b 
Hein. VV., & R. Dumpelmann, photo¬ 
electric effect, 1883 

i Heis. L., electronic current, 1261 ; 
manometer. 2882 

Heisenberg. VV., anomalous Zeeman 
effects. 2789; fluid streams, 2902 ; 
optical and chemical constants, 3089; 
theory of helium, 2198 
Heisenberg, VV., & M. Born, deform- 
ability of ions. 2178 ; molecules, 1387 
Heisenberg. VV.. & A. Land*, multiplets 
of higher degree. 2966 
Helderman, VV. D., E. Cohen & A. L. T. 
Moesveld, calorimeter, 2998 ; specific 
heats. 2995 

Henderson, J. B., Stroud system of 
dynamics. 4 

Hendricks. B. C.. & H. G. Deming, 
diffusion of hydrogen. 1306 
Hendrixson. VV. S., electrometric titra¬ 
tion. 165 

Hcnglein, F. A., crystals, 1603 ; halogen 
hydrides. 291 

Henning. F., high temperatures. 2286 ; 

temperature scale, 2993 
Henning. F.. A VV. Heusc, aluminium 
and magnesium oxide. 617 ; boiling- 
points of oxygen, nitrogen and 
hydrogen. 1846; platinum tempera¬ 
ture scale. 1838 

Henri. V'., non-polar link, 1018“ ; spectra, 
837 

Henri, V., & H. de I^szlG. napthalenc- 
vapour, 2774 ; spectrum of naphtha¬ 
lene. 2092 

Henry, actinomctcr. 779 
Henry. C., heats of formation, 2611; 
radiation. 1239 

Henss. VV.. A K. Schaum, spectro¬ 
photometry. 2481 

Henstock. H., nuclear tubes of force. 
1021 

Heracus. VV., thermoelectric force of 
iron, 1910 

Hermann, H.. clcctrodynamomcters, 
978 ; electrometers. 974 ; reinforce¬ 
ment, 973 ; small capacities, 1677 ; 
uniformity of time. 1697 
Herronn, E. F., & E. Wilson, magnetite. 
1662 

Hcrschel. VV'. H., viscometers, 187 
Hersey, M. D.. & E. W'. Butaler, thermal 
conductivity of refractories, 2636 
Hertz. G., gas mixtures, 676 ; ionising 
tensions of neon and argon, 601 ; 
spectral lines, 1457 

Herz. R.. & F. Dessauer, scattered 
X-iays. 2981 

Herz, VV., internal pressure, 217 ; van 
der VVaals’ equation, 908 
Herzfeld. ionisation, 911* 
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Herzfcld. K. F., dispersion. 2071 
Herzfeid. K. F.. A H. G. Grimm, mixed 
crystals, 686 ; valency. 1015 
Hess. V. F., radium emanation. 182G 
Hess, V. F., A R. W. Lawson, ci-particlcs 
from radium. 2281 

Hesthal, C. E.. A G. R. Harrison. 

photometry. 1765 
Hettncr. G., radiometer. 2725 
Heusc. W., & F. Henning, aluminium 
and magnesium oxide, 517 ; boiling- 
points of oxygen, nitrogen and 
hydrogen, 1845 ; platinum tempera¬ 
ture scale. 1838 

Heyl, P. R.. anisotropy in crystals. 2678 
Heymans, P.. & W. P. Allis, photo¬ 
elastic constants. 745 
Heyrovsk?, J , electrode potential. 2187 ; 

mercury-dropping kathode. 2639 
Hickman. C. N.. inductance of coils. 984 
Hickman. K. C. D . thermostat. 891 
Hicks. W. M., oun applied to scries 
grouping. 2750 

Hicckc, R., influence of gravitation upon 
light. 2444 

Higley. H. P.. A J. H. Mathews, gelatin 

spectrum. 1801 

Hildebrand. J. H . H. D. Draper & 
P. Finklc, emulsification. 1598 
Hill, K.. lens for whole-sky photographs, 

Hillcbrand, K.. electrostatics. 1250 
Hiller, W.. A E. Regcnei. spark lag. 1892 
Hine. T. B.. evaporation. 2293 
Hirata, H .. X-ray spectra. 1191 
v. Hirsch. R.. canal-ray light. 2747 
Hitchins. A. F. R„ A F. Soddy. uranium 
and radium. 2116 

Hjort, F.. V., A. LowyAO Blackwood. 

selenium optical densimeter. 2722 
Hnatck, A., illumination by a spectro¬ 
scopic slit, 1438 

Hobbs, E. J., inductance and capacity. 
7G7n ; Nagaoka’s correction factor. 
2146 

Hocheim. E.. A E. Freundlicb. cyanogen 
band 3883 A.. 2775 

Hodlcr. A.. A A. Magnus, atomic heat 
of silver, 2807 

HOgberg, L.. wave motion. 1673 
Hocltzenbcin, F. ( diflusion of liquids. 
2166 

Hoffmann, F., black body radiation. 3004 
Hoffmann G., emission of electrons. 312; 
measurement of small quantities of 
electricity. 1289; radio-activity. 881 ; 
small radio-activities. 2531 
Hoffmann. H.. A H Mark, oxalic acid 
crystal structure, 2915 
Hofmann. A., light of the sky. 66 
Hofmeier. W., oscillations of coils. 1558 
Hojendahl. K.. Bohr's theory, 2199; 

electrical conductivity. 2835 
Holborn, L., pressure gauge. 2885 
Hoi bom. L , A J. Otto, isothermuls, 1849 
Holgersson, S.. A F. Scdstrbm. lattice 
•tructure of alloys. 2905 


Holladay, L. I... A. H. Taylor A M. 

Luckicsh. short-wave radiation. 254 
Hollenberg. M. S., reflex visual sensa¬ 
tions, 2720 

Holm. E. A., van dcr Waals* equation. 
1229 

Holman. E. J. L.. surface tension. 183 
Holmboe. C. F.. absorption of carbon 
dioxide during electrolvsis, 702 ; 
electrolytic short-circuit effect, 1632 j 
passivity of iron electrodes, 701 
Holmes. M.. magneto-optic phenomenon, 
68 

Holmes, R. M.. thermoelectric properties 
of sputtered films. 633 
"*■3 W C • dyes. 1468 ; indicators. 

Holroyd. G. \\\ F.. A J. E. W. Rhodes. 

electrolysis of potassium oleate, 1644 

Holst. G., A E. Oosterhuis. sparking- 
potential. 952 

Holtsmark. J., spectral lines, 1458 
Holtsmark. J.. JJ. Trumpy A E. 

Schreiner, thermostat regulator. 2408 
Hoi week, molecular pump. 9 
Honda, K.. A T. Murakami, iron carbon 
silicon alloys, 352 

Hoover. W. H.. A C. O. Fairchild, 
protactinium. Ill 

Hope-Jones. F., free pendulum. 1983 
Hopfield, J. J.. oxygen spectra. I-101 ; 
senes spectra in oxygen and sulphur, 

Hopfield. J. J.. A S. VV. Lei (son, wave¬ 
length standards, 263 
Hopmann. J., Einstein expedition, 803 
Hoppe, E.. mathematical physics. 1670 
Horiguti, Y.. ascent of rublx'r balloons, 

38 

Horovitz. K . visual space. 240 
Horton. F.. ionisation potentials. 935 
Horton. 1\. Ursula Andrcwes A Ann C. 
Davies. X-rays. 871 

Horton. F., A Ann C. Davies, electron 
939 r * ,CS ' 11 * #CCondar y elections, 

Horton. R. E., rainfall. 438. 439*. 440, 
775 

Hosali. Nina M . seismic waves. 51 
Hotchkiss. \V. O.. magnetic method of 
surveying, 2452 

Hougcn. O. A.. A B. L. Miller, thermo* 
couples. 325 

Housekeeper. W. G . scaling base metals 
through glass. 101 u 

Houstoun. R. A.. A W. M. Hcddle, 
visibility of red light. 245 
Houstoun, R. A.. A W. H. Manson. 

colour blindness, 458 
Hovgaard. \W. bending. 200 ; motion 
of fluids. 404 

,,0 7329 ^ C “ oxyKcn ° voltage, 

Howe. A. B.. A J. R. Partington, specific 
heats of nitrogen and oxygen, 1221'- 
Howe, H. M., F. U. Foley A J. Win- 
lock, carbon-steel, 2622 


4F 
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Howes, H. L., A E. L. Nichols, flames. 
1448; photoluminescence of flames, 
486 

Hubbard. J. C., & A. H. Compton, 
X-rays. 1489 

Huber, A., purple of Cassius, 1303 
Hubmann. K.. L. Casper A J. Zenneck, 
oscillating circuits, 2578; wave¬ 
form. 1926 

Hudlcston, L. J., & C. W. Davies. 

transference numbers. 1625 
Hrtckcl, E., cataphorcsis, 2196 
Htickel, E..A P. Debye, cataphorcsis. 1631 
Hughes. A. L.. ionisation of gases, 2565 
Hughes, A. L., A E. Klein, ionisation, 
1496 

Hughes, A. L., A P. Lowe, helium 
spectrum. 267 ; hydrogen spectrum. 
266 

Hughes. C. W.. A W. W. Coblentz. 

emissive tests of paints. 2538 
Hughes, W. E., corrosion. 707 ; struc¬ 
ture in electro-deposited metal. 270b 
Huguenard, velocity of air. 396 
Huguenard, E.. A. Magnan A A. 
Planiol, aerodynamic studies, 1060; 
birds in flight, 748 

Hulburt, E. O., absorption series of 
hydrogen. 2089 ; hydrogen spectrum, 
265 ; rotatory dispersion, 481 ; spec¬ 
trograph. 2050; spectrum of the 
metallic spark in water, 2517 ; 
stellar spectra. 1725 ; stream of 
electrons, 309 

Hulburt, E. O., A J. B. Dempster, 
standards of capacity. 640 
Hull, A. W., magnetic fields. 667 
Hulth6n, E.. & G. Johansson, second 
positive nitrogen spectrum. 2972 
Hume, C. \V., atomic nuclei, 1834* 
Humphreys. W. J., sound velocity and 
height, 2558 

Hund, F., atomic radii, 1687 
Hunt, F. L.. aeronautic instruments, 19ff 
Hunter, J. de G., tide levels, 1996 
Hunter, M. A.. & A. Jones, alloys at 
high temperatures, 1028 
Huse, E.. A L. A. Jones, photography. 
1444 

Hutchinson, R. O., spectra, 1463 
Hyatt, J. M., thermionic current. 1545 
Hylan, M. C.. A F. E. E. Germann. 
silver halides. 1781 


Iliin, B.. adsorption forces, 2848 ; 

eclipse of the sun 1921. 447 
Ingall, D. H., copper wire 1374 
Inge, Lydia, * A. Walther, critical 
: voltages.-2321 * electrostatic fields. 

924 

Ingerson. L. R.. cobalt films, 1777 
IngcrsoU. L. R-. & O. A. Koepp, thermal 
diffusivity and conductivity, 2289 
Ingram. W. H.. auto-transformer. 2344 
Iokibe. K.. copper-zinc alloys, 1277b 
Iredale. T.. adsorption. 2847 


Isaac, K. J., A I. Masson, capillar)' 
tubes. 1338 * 

Isgarischew.N., A E.Koldaewa, poisoned 
H-O electrodes, 1623 
Isgarischew, N., A A. Obrutschewa, 
properties of chromium, 700 
Isgarischew, N., & A. Pomeranzewa, 
hydrogen ions in gels, 1037 
Isgarischew, N.. & D. Stepanow, over¬ 
voltage, 1634 

v. Issendorff, J.. & W. Schottky, mer¬ 
cury-vapour discharge, 2831 
Ives. H. E.. potassium photoelectric 
cell. 2627 ; sector-disc, 451 ; standard 
of light, 2040 


Jack. D.. A G. A. Carse, X-ray corpus¬ 
cular emission, 2161 
Jackson. J.. corrections to equinox and 

g uator point. 2217; proper motions, 
24 

Jackson. L. C.. A H. K. Onncs, para¬ 
magnetic sulphates, 989 
Jackson. L. C., paramagnetism, 665 
Jackson. W. E. W„ aurorae, 778 ; 

magnetic results 1922-1923, 2694 
Jacobsen, J. C., radium C', 880 
Jacobsen. J. C.. A A. Uddcn. helium 
spectrum. 1789 

Jacoby. G-. dielectric. 2920; electric 

polarisation, 143. 1282 
Jacckcl, G., faintest visible. 1127 
Jacckel, G.. W. Kutzncr A H. Bchnkcn, 
Geiger counter. 859 

Jacnichcn. E.. A F. Saucrwald, synthetic 
metallic bodies, 2179 , 

Jirvincn. K. K.. equation of state ol 
mercury, 1850 

Jafl£, G.. cquipartition of energy, 289/ 
Jakeman, C.. testing-machines, 1352 
Jakob, M., specific heats of air, 669 
Jakobson, M., canal rays, 1273 
Janet, P., laboratoire central, 1920 
Janicki, L.. A E. I^au, spectra of mer¬ 
cury, etc., 94 , i j 

Jaqucrod, A., watch rate, 726 
Jaqucrod, A.. L. Defossez A H. Mugeu, 
pivotal movements. 200 
Jarman. J., A J. C. Philip. adsorptioDi 
1943 iij! I 

Jasper. T. M.. testing of ferrous metals, 

...lot . , ...rrnjJJ 

Jasper. T. M.. A H. F. Moore, fatigue 
of metals. 2362 . . 

Jaunccy. G. E. M., photo-electrically 
ejected electron. 2791 ; polarised 
X-rays. 2098 ; scattering of X-rays, 
1811 ; X-rays, 535, 1488 
Jauncey, G. E. M.. A H. L. 

X-rays. 1821 rtAn _ 

Jazyna, W.. reciprocal thorem. 3005, 
specific heat C„. the internal energy 
U. and the equation of state, >291 j j 
Jeans. J. H.. nebula. 798 ; radiatm* 
261; - solar system. lip 2 » , 
nebula. 804 ; van der Waals equa¬ 
tion. 907 
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Jeantet, P.. A J. Duclaux, dispersion of 
water. 2474 ; spectrographic methods. 

Jedrzejcwski A Wcrtenstein. evapora¬ 
tion of carbon. 112 
Jeffery, F. H., electrolysis. 708 
Jefireys, H.. cyclones. 1091 ; earth 
density, 2025 ; shore waves. 2937 
Jelinek, H.. & F. Jirsa, anodic gold 
oxidation. 2650 

Jcnkin, C. F., A W. N. Thomas, vibra¬ 
tions, 1053 

Jenkins, W. A., ions from hot tungsten, 
2136 

Jctte, E. R., G. Phragmdn & A. F. 
Wcstgren, copper-aluminium alloys, 
2790 

Jevons, W., band-spectra. 2764 ; lines 
attributed to oxygen. 1178 
Jezewski. dielectric constants. 2156 
Jirabo, S.. elcrtrometer. 328 
Jirsa, F., A J. Fabingcr, dissolution of 
lead. 1975 

Jirsa. F., A H. Jelinek. anodic gold 
oxidation. 2650 

Job. P.. hydrolysis of salts. 2854 
Jdnsson. E.. X-rays. 2099 
Jofl6. A., crystals, 323 
Joff6, A. F.. M. V. Kirpitchcva Sc M 
Lewitzky. strength of crystals. 1994 
Johansson. C. H., A G. Borclius, double 
mirror dilatometer. 2797 
Johansson. G.. Sc E. Hulth*n, second 
positive nitrogen spectrum. 2972 
John. C. F.. St., solar lines, 771 
John. C. E. St.. A H. D. Babcock, 
roversing layer of sun's atmosphere, 
2940 

Johnson, A., crystallisation. 088 
Johnson. E. B.. A F. H. Rhodes, elec¬ 
trolytic corrosion. 2851 
Johnson. M. C.. ionisation in stellar 
atmospheres. 2463 

Johnson, R. C.. emission bands. 2789 
Johnson. R. C.. A W. H. B. Cameron, 
argon. 2908 

Johnson. R. C., A T. R. Morton, spectro¬ 
scopic illumination. 262 
Johnston. H. F., observations 1533 
Johnston, J., A D. H. Andrews, absorp¬ 
tion by rubber. 1591 
Jolliffe, C. B., polarisation capacity, 
694 

Joly, J.. earth movements. 48; haloes, 
78: radio-activity. 2111) 

Jona, M . high potentials for Rfintgen 
requirements. 3023 
Jonckhcere. H., double stars. 2460 
Jones, A., A M. A. Hunter, alloys at 
high temperatures. 1028 
[ones, E T.. coupled circuits, 1899 
Jones, Hope-, F., free pendulum. 1983 
Jones. J. E . equation of state. 2298 
Jones. J. H.. quantum theory and 
, dielectric constant, 2588 
Jones, L. A.. A E. Huse, photography. 


Jones, O.. polarised light by etched 
metals, 2733 

Jones. R. L.. nature of language. 1528 
Jones. W B., electrolysis. 704 
Joos, G.. diamagnetism, 987 ; polarisa¬ 
tion of light. 2052 ; radiation. 823 ; 
resonance light, 2955 
Joos. G.. A E. v. Angercr, elements of 
the iron group. 2770 
Joos. G., O. Dinkelacker & C. FOcht- 
bauer, spectral lines. 80 
Joos. G.. A K. Fajans. refraction of ions 
and molecules, 2239 

Joos. G.. A H. Kulenkampff, impulse 
conservation. 2669 

J ordan, H., ferromagnetic constants, 2840 
ordan, L.. A E. Wichers. platinum 
metals, 1308 

Jorissen. W. P., A J. Velisek. inflamma¬ 
bility of methane-air mixtures, 3093 
Jouaust. aluminium, 1559 
jouaust A (Miss) Bourgoignon, iron 
losses. 150 

Jouaust. R.. R. Mesny A G. Ferric, 
amplication of currents, 1915; photo¬ 
electric cells. 654 

Joy. D. B.. A M. Knobel, temperature 
and overvoltage. 2376 
Julius, W. H., Fraunhofer lines. 2757 
Julius. W. H.. A M. Minnaert. spectrum 
of the sun's limb. 51 1 
Jung. H.. elcctrodeless ring discharge, 
3038 

Hippier. G.. A F. Wcigert, polarised 
fluorescence in colour solutions, 2735 
Kafka. H.. vector diagrams, 2152 
Kaftan, F.. atmospheric electrodyna¬ 
mics. 1704 

Kahlenberg, L. elcctro-d< posited metals, 
2377* 

Kahlenberg. L., A J. V. Steinle, single 
potential of arsenic. 2373 
Kaigorodoff. A.. A M. Wrewsky, heat 
capacity. 2999 

Kailan, A., radiation from radium, 1210 ; 
radium radiation, 286 ; radium rays. 
102 

Kakinunia, U., metal rolling, 2618 
Kalass, W., A K. Arndt, conductivity 
of cryolite-alumina mixtures, 1563 
Kalitin. N. N.. atmospheric polarisation, 
2017 

Kanncnstinc. F. M.. helium, 1537 
Kapitza, P. L.. strong magnetic fields. 
2595 

Kapitza. P.. A H. W. B. Skinner. 
Zeeman effect, 2967 

Kappana, A. N., A J. C. Ghosh, electro- 
deposition of antimony. 747n 
Kar, K.C.. energy, pressure, and density, 
219; stringed instruments, 294 
Kara - Michailova, Elisabeth, electric 
figures. 303 

Kara - Michailova, Elisabeth. A K. 
Przibram. luminescence. 867 ; radio¬ 
luminescence. 2062 
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Karapctoff. V., aberration of light. 2928 ; 

electric and magnetic forces. 2130 
Karcher, J. C . piezo-electric measure¬ 
ment of high pressures. 380 ; sound 
intensity. 205 

Karl. A.. & S. Lombard, radium. 878 
Karlsson, A., magnetic waves, 1298 
Karolus, A.. X-ray spectrum. 550 
Karpcn, N. V.. c.m.f. of cells. 360; 
flight. 391 

Karrcr, E.. atmospheric absorption. 1409; 
photometer, 2042 ; photometric disc. 
450 

Karrcr. E„ & A. Poritsky, photometer. 
1427 

Kast, W., fluid crystals. 965 

Katz. J. R.. adsorptive power of carbon. 

1008 ; X-ray spectroscopy. 2781 
Kaufmann, W..hysteresis. 992 
Kaupp, E.. & R. Glocker. electrolytic 
deposits. 2197 

Kaye. G. W. C.. & I. Backhurst. high- 
vacuum pump. 1991 ; vacuum pump. 
1992 

Kaye, G. W. C.. & J. K. Roberts. 

thermal conductivity. 113 
Kayscr, J. F., alloys (Ni-Cr-Fe). 350 
Kearney, (Miss) M. B.. a*sculin. 2063 
Keclcy. T. C., quartz fibres. 2888 
Kecley, T. C.. A. F. Lindcmann & 
F. A. Lindcmann. electrometer. 
1288 

Keene. P.. P. D. V. Manning & F. 
Daniels, high-voltage, high-frequency 
discharge through air, 1897 
Kcgcrrcis. R., ionisation. 1536 
Keith, E. B.. & W. D. Harkins, emul¬ 
sions. 2357 

Kelley, F. C., chromising, 1609 
Kellner, H., micrometer. 367 ; per¬ 
ception of depth. 462 
Kelsall. G. A., furnace pcrmcater. 2348 ; 
permeatcr. 1583 

Kemble. E. C.. & J. H. van Vleck. 

specific heat of hydrogen. 292 
Kemp, C. N., coal. 1065 
Kcnnard. E. H.. Kdntgcn impulse. 279 ; 

thermal transpiration. 1851 
Kennedy, A. E.. permalloy. 2157 ; ratio 
of mean to mid potential or current. 

Kent. C. V.. sodium-potassium alloys. 
477 

Kettman. G.. X-ray spectrum549 
Keyes. F. G., carbon dioxide from tne 
loule-Thomson effect. 2809 
Keys, D. A., oscillograph and explosion 
pressures, etc.. 645; tourmaline. 

Kicbitz, F.. propagation of wireless 
waves 960 

Ktanta. H.. absorption of I[Hgt. HU : 

cosmical refraction, 1107, 24o7 
Kicss C. C.. molybdenum spectrum. 272 
Kiess. C. C-, K. Burns & W. F. Meggers, 
secondary standards of wave-length. 
1803 


Kiess, C. C., & Harriet K. Kiess, arc 
spectrum of titanium. 270; titanium 
spectrum. 2095 

Kiess. C. C., & W. F. Meggers, iron arc 
spectrum. 1805 

Kimball. A. L., shaft whirling. 1666 
Kimball. H. H.. & I. F. Hand, dust 
content of the atmosphere. 2448 
Kimball. W. S.. scattering of particles, 
1389 

Kimpflin, G.. transparency of synthetic 
resin. 2036 

Kimura, S.. hardening of metals, 163 
Kimura. S.. & N. Namikawa, resistivity 
of iron wire. 1907 

King. A. S., titanium spectrum, 1484 
King. E. S.. photographic measures. 796 ; 

planets. 809 ; stellar magnitudes, 792 
King. L. V., scattering of light. 246 
Kingdom K. IL, & I. Langmuir, removal 
of thorium by bombardment. 611 
Kiplinger. C. C.. refractive index, 2030 
Kirchner, F., photoelectric effect, 2580; 

velocity of kathode rays, 2830 
Kirkpatrick. P.. spectral energy in 
X-ray tube. 536; X-ray reflection, 
540; X-rays. 542 

Kirpitchcva. M. V.. M. Lewitzky & 
A. F. Joftt. strength of crystals, 1994 
Kirsch, G., thorium and uranium, 1194 
Kirsch, G.. & H. Pcttcrsson, disinte¬ 
gration of atoms. 1202 
Kirschmann. A., reversed spectrum. 1791 
Kirst. W.. & C. Schall, reduction of 
ketones. 710 

Kierrman. B.. electrical steel testing, 
2366 

Klceman. R. D.. moments of atoms, 418 
Klecman, R. D.. & R. H. Bennett, 
electromotive force, 1622 
Klceman. R. D.. & W. Fredrickson, 
charge of a metal in a liquid, 695 
Kleffner. A., electrolysis of chromic acid, 
699 , 

Klein. E.. & A. L. Hughes, ionisation, 
1496 

Klein, O., hydrogen atom in clcctnC 
and magnetic fields, 1380 
Kleinschmidt, R. V., Joule-Thomsoi) 
effect. 894 

Klemm. A., breakdown field. 1552 
Klcmm. W.. & W. Biltz. fused electro- 
lytes. 2645 

Kling, A., & A. Lassicur. solutions. 339 
Klingenfuss, M., & R. Schwarz, catalysis, 
1007 

Klopsteg. P. E., & W. H. Stannard, 
viscosity, 181 -i ,, 

Klose, A., mechanical systems. 22 . 

Knaggs. I. E., crystal structure, 2440 
Kneisslcr, L., electric fields, 2598 
Knescr. H.. glow discharge rectifier, 609 
Knibbs, N. V. S., overvoltage, ? 644 
Knipping, P., recording ionisation, I Jo 
Knobel, M.. lead storage battery, 1965 
Knobcl, M., P. Caplan & M. Eiseman. 
overvoltage. 1968 
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Knobel. M., & D. B. Joy. temperature 
and overvoltage. 2376 
Knoblauch. O.. inversion temperatures 
of air. 741 

Knoblauch. O.. E. Raisch Sc H. Hausen, 
water-vapour. 114 

Knoblauch. O.. & H. Rciher. tempera¬ 
ture of vapour. 899 
Kobayasi. T.. cyclones. 35 
Koch, electrolytic chromium. 2379* 
Koch. J.. dispersion. 1782 
Koch. P. P.. & F. Goos. movement 
detection. 734 

Kdnig. W.. depolarisation of light. 2258 
Koepp. O. A. & L. R. Ingersoll. thermal 
diffusivity and conductivity. 2289 
Kdrber, F.. X-ray analysis, 99 
Kdstermann, E.. A: E. Ryschkewitsch. 
graphite, 1335 

Kohlschiitter, V.. ultramicroscopic ob¬ 
servations of the electrode. 1974 
KohlschOtter. V.. Sc F. Uebcrsax. elec¬ 
trolytic lead, 1973 

Kohn, H.. Sc M. Guckel. carbon arc. 
3034 

Koldaewa. E.. Sc N. Isgarischew. poisoned 
H-O electrodes. 1623 
KolhOrster, W.. earth's penetrating 
radiations. 1098 ; penetrating radia¬ 
tion. 2903 

Komatsu. S.. B. Masumoto Sc S. Kuma¬ 
moto. ultra-violet absorption spectra. 
2970 

Kondratjeff. V.. Sc N. Semcnoff. ionisa¬ 
tion, 1541 

Kopfcrmann. H., fluorescence. 1447 
Kopff A v Einstein effect, 1400: light 
absorption in space, 63, 2029 
Kopp, W.. electromagnetic waves. 621 
Korcf, F., K. Mocrs Sc R. Gross, crystals. 
1001 

Kornfcld, H.. dipole and quadrupole 
lattices, 1383; optical and chemical 
constants. 3090 

Kosscl, W., reflection of X-rays by 
crystals, 2096 ; X-rays. 873 
Kottler, F.. Maxwell's equations, 432 ; 
Newton’s law. 431 

Kouwcnhoven, W. B.. Sc T. L. Berry. 

permeameter circuit. 986 
Kovarik. A. F.. y-rays. 2283 
Kraemer, E. O., Sc T. Svedberg. colloid 
solutions, 3078 

Kramer, W.. contact detectors. 3020 
Kramers. H. A., dispersion. 2074 ; X-ray 
s|>cctriim, 803 

Kramers. H. A., N. Bohr Sc J. C. Slater, 
radiation, 2005 

Kranz, F. W.. sensitivity of the car, 680 
Kratzcr, A., band spectra. 2600 ; helium 
spectrum. 86 ; terms of the (C + H) 
bands. 2080 

Kraus, C. A.. & VV. W. Lucasse. resistance 
of potassium. 628 

Krefft. H.. Doppler effect, 3032. 3033 
Krcmann. R.. Sc R. G. v. Rchenburg. 
electrolysis. 2807 


Kretschmann, E.. metallic conductivity. 
2332; relativity. 1689 ; theory of 
super-conductivity. 2583 
Krishnaiyar. N. C., fluorescence of didy- 
mium. 2262 ; inertia of a sphere. 740 
Kroger. M.. A M. le Blanc, ions in solid 
electrolytes. 2613 

Krueger. E.. double refraction. 2718 
Kroger. K.. A J Zenneck. twilight sight. 
819 

Kustner. H., selenium cells. 3094* 
Kulenkampff. H.. X-rays. 532 
Kulenkampff. H.. A G. Joos, impulse 
conservation. 2669 

Kumamoto. S.. B. Masumoto & S. 
Komatsu, ultra-violet absorption 
spectra, 2970 

Kunsman. C. H.. A C. Davisson, low- 
speed electrons. 592 
Kunz. J.. Sc J. Tykocinski-Tykocyncr, 
photoelectric cell. 1917 
Kunz. J.. Sc E. H. Williams, photo¬ 
electric effect, 595 

Kunrijanow, G.. A P. Schmakow. oscil¬ 
lation circuits, 907n 

Kussmann. A., constant a of the Stefan- 
Boltzmann law. 2804 
Kussmann, A.. A G. Michel, absorption 
of blackened surfaces. 571 
Kutzner, W.. Geiger counter. 2118; 
polonium. 2114 

Kutzner. W.. A O. v. Bacyer, ionising 
radiations, 1276 

Kutzner. \\\, G. Jaeckcl Sc H. Bellnken, 
Geiger counter, 859 

Kuwashima. T.. A- H. Nukiyama, triode 
valve. 1882 

van Laar. J. J.. vajx>ur tension of solid 
carbon. 2548 

Laboccetta. I... discontinuous quantities, 
400 ; |N>lygonnl periodic functions, 
2665 

I-aby, T. H .. barometer. 2881 
Lacassagne. A.. & (Mrs.) J S. Lattes, 
polonium. 1190 

Lacaze. II.. P Vernotte Sc J. Villey. 

india-rubber as a dielectric. 2329 
Lacoste. RothA. (Miss) Dammann, (Mrs ) 
HAe and Bois, sound transmission. 

3014 

Lacroix. J., diaminodiphenyl-sulphone. 
1043 

Ladenburg. R.. inverse Stark effect, 
2973 ; quantum theory. 27 
Laffitte, P., explosion wave. 150 ; wave 
of shock. 2184 

Lahousse, J.. dielectrics, 947n 
Laing. Mary E.. movement in an elec¬ 
trical field. 2871 
Lamarque. P.. X-rays, 543 
Lamb. K. H.. virtual velocities. 2890 
Lambert A Andant, kathode sputtering, 
2136 

Lambert. P.. G. Dejardin A I). Chalonge. 
double spectrograph, 2482; solar 
radiation, 510 
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Lampa, A., relativity. 292G 
Lanczos, K.. gravitation, 2013, 2675 
Landd, A., atomic construction. 761 ; 
neon spectrum, 97 ; optical doublets 
and triplets, 2503 ; Rontgen doub¬ 
lets, 2104 ; Zeeman effect, 528 
Land6. A., & W. Heisenberg, multiplets 
of higher degree. 2966 
Landman, S., Brownian motion. 2908 
Landon, J. W., density of iron. 348 
Lane, C. E., tone generator, 298 
Lane, C. E., & R. L. Wegel, masking of 
pure tones, 1858 

Lang, A., eddy-current losses. 656 
Lang, R. J., vibrations. 121 
Lange, F.. specific heats at low tempera¬ 
tures, 2802 

Langcvin, J., E. Bauer & A. Danjon, 
crepuscular phenomena, 2450 
Langlands, N. M. S., stereoscopic vision. 
459* 

Langmuir, I., electron emission, 613; 
gaseous discharges, 947 ; mercury 
arc, 618 ; reflection of electrons. 928 
Langmuir, I„ & Katharine B. Blodgett, 
currents limited by space charge, 
614 ; space charge between concen¬ 
tric spheres, 2322 

Langmuir, I., & K. H. Kingdon, removal 
of thorium by bombardment. 611 
Laporte, M.. thermionic current. 932 
Laportc, O., iron spectrum. 1481. 2511 ; 

vanadium lines, 857 
Lapp, C., magnetic viscosity. 1294 
Lapp. C. J., sound waves, 296 
Lapworth, A., & R. Robinson, polarities 
in a chain of atoms. 1019 
Larmor. J., polarisation. 1439 
Lartigue, A., properties of water. 2813 ; 

thermodynamics. 2562 
Lasarcff, P., atomic concentration, 2397 { 
earth's magnetism. 1300; gravity 
anomaly. Koursk. Central Russia, 
3062 ; magnetic anomaly at Koursk, 
2163; magnetism and gravity at 
Koursk. 782 ; photochemical reac¬ 
tions, 1158; photometry. 2054; 
terrestrial magnetism, 3061 
Lassieur, A., electrolytic estimation of 
antimony, 168 ; electrolytic separa¬ 
tion, 1047, 1628 

Lassieur, A.. & A. Kling. solutions. 
339 

de L4szl6, H.. & V. Henri, spectrum of 
naphthalene vapour, 2092. -774 
Latimer, W. M., ionisation, 1264 
Lattes, (Mrs.) J. S., & A. Lacassagne. 

polonium, 1196 ,i 
Lau, E.. hydrogen, helium, and X-rays, 

1478 «;>■• ^ . 

Lau. E., & E. Gehrcke, components of 
H«. 2751 ; hydrogen spectrum. 847 
Lau, E., & L. Janicld. spectra of mer¬ 
cury, 94 

Lauch, K.. metal films, 1765 
Lauch. K„ & F. Rother. metallic films. 
1123 


v. Laue, M., atomic structure, • 2664 { 
emission of ions and electrons, 1260; 
gravitation, 220 ; relativity. 1402 
v. Laue, M.. R. Bar & E. Meyer, low- 
voltage arc light in helium, 615 
v. Laue, M., & N. Sen, ionic stream from 
glowing metals, 3035; dc Sitter 
world. 2011 

Laugier, H., & H. Cardot, illumination 
of vacuum lamps by friction, 1276 
Laugier. H., R. Legendre & H. Cardot, 
thermostat. 1215 

Lauster, F.. & H. Loosli, pumps, 718 
Laville, G., & C. Gutton, electrometer 
measurements, 3056 
Lawrence. E.. iron spheroid in a magnetic 

field, 2160 

Lawson. R. W.. & V. F. Hess, a-particles 
from radium, 2281 

Lax. E.. & M. Pirani. light radiation of 
wolfram, 2270 

Lay. J. T.. & C. B. Bazzoni, helium 
spectrum. 1788 
Leach, H. R., rainfall, 439* 

Lebard, Lcdoux-, R., A. Lepapc & A. 

Dauvillier. X-ray diagnosis, 672 
Lcbcau, P., & M. Picon, heating elec¬ 
trically in vacuo, 2395 
Leblanc. M.. & Broca, mercury-vapour 
lamps, 1142 

Lecomte, J.. absorption measurements 
and molecular structure. 2756 ; ab¬ 
sorption spectra, 2081 , 2082 
Ledermann, S., insulation of dynamo 
wires, 27b 

Ledig. P. G.. & E. R. Weaver, absolu¬ 
tion of gases by liquids. 1592; 
detector for water-vapour, 195 
Ledoux-Lcbard, R.. A. Lepapc & A, 
Dauvillier, X-ray diagnosis, 672 
Lee. A. W.. upper air, 1093 
Lees, C. H., geometrical optics, 2486 J 
pendulums, 2886 

Lees, C. H.. J. P. Andrews & L. S. 

Shave. Young’s modulus, 2895 
Lees, C. H., & J. E. Calthrop, conduc¬ 
tivities of metals. 322 
Lees. S., equation of state for fluids, 
1234 

Legendre, R., H. Laugier & H. Cardot, 
thermostat, 1215 

Lehmann, J. F., R. W. Boyle & C. C. 

Morgan, ionic beats, 1857 
Lehmann, T., magnetic fields, 126; 

magnetic pull. 2350 
Lehrs. L.. resistance to a.c., 1279 
Leifson, S. W.. & J. J. Hopfield, wave¬ 
length standards. 263 
Leiss, C., monochromator, 1139; spark 
apparatus, 2038 

Leistner, K., stationary light waves, 
Leistner. K.. & W. Mobius, stationary 
light waves. 2743 , / . 

Lejay, P„ electrometer, 1921; electro¬ 
metry, 2590 , 

Lemaitrc, G., relativistic motion of 
rigid solid, 2671 
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L6raeray, relativity, 2012, 2673 
Lemon, H. B. t hydrogen spectrum. 1173 
Lenard, P., propagation of light. 770 
Lenard, P., R. v. Dallwitz-Wegner & E. 

Zachmann, surface tension. 2413 
Lenouvel, L., aberrations of optical 
systems, 2737 

Lenz, W.,correspondence considerations. 

2502 ; disturbed Kepler motion. 2430 
Lcpape, A., radio-activity. 108 ; thorium 
emanation. 1498 

Lcpape, A., & J. Cabannes. diffusion of 
light. 2740 

Lcpape, A., R. Ledoux-Lebard & A. 

Dauvillier. X-ray diagnosis. 672 
Lcpape, A.. H. Mourcu & C. Mourcu, 
radio-activity of thermal springs. 
2795 

Lertes. I*., X-ray intcnsimctcr. 533 
Levfique-Petit, j., interrupters. 1919 
Levi, (Miss) M., photoelectric conduc¬ 
tivity of diamond, 140 
Levi, S. M. t double salts. 1950 
Levine, J., sunspots, 1718 
Lewis, D., thermal coefficients of expan¬ 
sion. 2534* 

Lewis. G. N., valency. 1016 
Lewis, \V. K., A E. V. Murphrcc. vapour 
pressure, 1225 

Lcwitsky, M., electric waves. 1550 
Lcwitzky. M., M. V. Kirpitchcva & A. F. 

JofW. strength of crystals. 1994 
Lewschin, W. L., polarised ffuorcsccnt 
light from dyestuff solutions. 2734 
Ley, H.. & R. Mcckc, copper sulphate 
solutions. 3072 

Leyshon. W. A., oscillations. 137 
Libman, E. E.. G. R. Shelton & E. W. 

Washburn, glass, 2893 
Lichtcncckcr, K., electrical resistance of 
aggregates. 2333 

Licbreich, E., electrolytic chromium, 
2379 

Licbreich, E.. & W. Wiedcrholt. passivity 
and overvoltage, 2042 
Licbreich. J. E.. electrolysis of chromic 
acid, 1970 

Li6nard. A., deformation of conducting 
systems traversed by currents, 1248 
Lifschitz, L, volta-lumincsccncc. 1327 
Lind. S. C., electro-chemistry of gases, 

Lind, S. C., & D. C. Bardwcll, alpha 
particles. 559 ; colouring of the 
diamond by radium radiation, 657 
Lindau, P., nitrogen, 2773 ; second 
positive group of nitrogen. 2905 
Lindau, P.. & R. Mccke. band of nitro¬ 
gen. 2274 

Lindblad, B.. A-typc stars. 2232 ; spec¬ 
tral type, 811 

Linde. E.. perchloric acid, 2369 
Lindcinann, F. A., mobility of ions in 
liquids. 2007 

Lindcmann, F. A., A. F. Lindcinann & 
T. C. Kccloy. electrometer. 1288 
Undh, A. E.. X-ray absorption. 2107 


Lindh, A. E.. & O. Lundquist, K/?, line 
of sulphur, 2109 . 

Lindholm, F.. precipitation measure¬ 
ments. 2685 

Lindman, K. F.. electromagnetic waves. 
2954 

Lindsay, R. B.. electronic orbits. 2433 
Linke. F.. solar constant. 2223 ; solar 
radiation and atmospheric turbidity. 

Littleton. J. T.. Jr., glass. 744 
Lockycr. W. J. S.. bright hydrogen-line 
stars. 2225; Mira Ccti. 1924, 2466; 
telescope, 1129 

Lodge. O.. radiation. 28 ; X-rays and 
the atom. 1074 

Loeb, L. B.. electrons, 949 ; electrons 
in gases, 929 ; electrons in helium, 
1885; gas ion mobilities, 2832; ionic 
mobilities. 926 ; negative ions in 
air, 597 

Lbschncr. H . spirit levels, 1349 
Lowcnthal. H., & R. Wintgcn. colloids, 
2172 

Lombard. S.. & A. Karl, radium. 878 
Lombard. V . porosity of nickel. 153 
Lombardi. L.. deformations of liquids 
carrying currents. 152; liquid streams 
carrying powerful currents, 2599 ; 
potential energy in magnetic circuit, 
2346 

Lomon & Comandon. radiography of the 
human heart, 1587 

Longchambon. L.. dispersion. 2050 ; 
tartaric acid, 1441 

van Loo. M.. & F. E. Bartcll, mem¬ 
branes, 1363 

Loosli, H.. A F. Lauster, pumps. 718 
Lorcnser. E.. & P. Ludewig. emanation 
measurements, 879 ; radium emana¬ 
tion. 1499 

Lorentz. H A., radiation of light. 

1155 . 

Lorenz, R.. Clausius-Clapcvron equa¬ 
tion. 2551 ; electrolysis. 2868 
Loring, F. H.. groupings of the elements, 
1009 

Love. E. F. J.. gravity. 366 
Lovelace. B. F.. W. H. Bahlkc & J.C. W. 
Frazer, vapour pressures of lithium 
chloride solutions, 1222 
Low. R. J.. free pendulum, 1983* 

Lowater, (Miss) F.. & E, B. Frost, Mira 
Ccti. etc , 1749 . 

Lowe. I\. A* A. L. Hughes, helium spec¬ 
trum. 267 ; hydrogen spectrum, 
266 

Lowry. E. F.. spectrum of CO. 2088 
Lowry. II. H.. charcoals, 1941 
Lowry, T. M., non-polar link. 1018* ; 

valency, 337, 338. 3070 
Lowry. T. M.. A P. C. Austin, rotatory 
dispersion of tartaric acid. 2269 
Lowry. T. M . A J. W. Clifford, refractive 
indices, 236 . •. . •> # v/ 

Lowry, T. M.. & R. G. Parker. Pulfrlch 
rcfractoraeter, 478 '• .i ... 
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Lowy, A., O. Blackwood & E. V. 
Hjort, selenium optical densimeter, 
2722 

Lowy. A.. & H. S. Frank, benzene. 1639 
Lowy A., & Catherine M. Moore, 
cugenol. 1638 

Lucas. R., magnetic moments. 661 ; 

piezo electricity. 2328 
Lucasse, W. W.. & C. A. Kraus, resist¬ 
ance of potassium in liquid ammonia. 
628 

Luckiesh, M., colour-mixture. 243 
Luckiesh, M., L. L. Molladay & A. H. 

Taylor, short-wave radiation. 254 
Ludendorff. II., e Auriga?. 1745 
Ludcwig. P.. determination of radium 
content. 1209; radio-active springs 
of Brambach and Oberschlema. 2530 
Ludewig, P., & E. I.orenser. emanation 
measurements. 879 ; radium emana¬ 
tion. 1499 

Ludewig, P.. & F. Reuthor, alteration of 
colour of crystals by radium rays. 
558 ; colour in rock-salt due to 
X-rays, 2519 

Luke, G. E., resistance of connections. 

79 la 

Lukirsky, P. I., soft X-rays. 1181 
Lumifcre. L., projection of phototypes. 
2480 

Lumiftre, L., A. Lumifcre & A. Scyewctz, 
latent image. 2081 

Lundblad, R.. photosphcric layers. 448 ; 

solar radiation. 1104 
Lundmark, K.. & W. J. Luytcn. spectral 
class. 812 

I.undquist, O., A A. E. Lindh. K fi t line 
of sulphur. 2109 

Lunnon, R. G., resistance of air. 738 
Luther. R., photography. 1014 
Luytcn. W. J.. giant stars, 800 ; proper 
motions. 806 ; spectral classes. 1737 : 
stars, 1110; SX Herculis. 1744 
Luyten, W. J., & K. Lundmark. spectral 

class. 812 

Luyten. W. J.. & E. B. Wilson, paral¬ 
laxes. 1716 

Lyman, T.. spectrum of helium. 2976 
Lyot. B., planetary surfaces. 794 ; 
polarisation of light. 2220 

Maass, O., molecular attraction and 
combination, 2858 

McAdams. W. H , A J. C. Morrell, latent 
heats. 1846 

McAdic, A., meteorology. 2690; units 
and constants. 436; velocity of 
sound. 912 

McAulay, A. L.. gratings. 1776 
McBain, J. W., ionic migration. 2870 ; 
liquid crystals, soap solutions and 
. X-rays, 2782 

McCallum, S. P., & J- S. Townsend. 
...helium, 1886 
McCay. L. W.. light filter. 1696 
McCorkle, P.» magnetostriction and 
magnetoelectric offects, 660 


McCullough. J. C.. & O. M. Reiff, 

case-hardening. 2876 
McCurdy, W. H., discharges in Geissler 
tubes. 130 

McDowell. L. S.. condensers, 1570 
McEachron, K. B., high-voltage dis¬ 
charges. 128; nitric oxides and 
ozone. 1972 

Mache, II. (experiments by A. Nagel), 
combustion of hydrogen-air mixtures, 
1613; comets. 1733; radio-activity 
of the Gastcin springs, 1831 
Maclnnes. D. A., H. J. Rowley A W. R. 

Hainsworth, hydrogen, 2372 
Maclnnes. D. A.. & E. R. Smith, trans¬ 
ference numbers. 698 
Mackay, C. A., ionising potentials, 934 
McKeehan, L. W., ferromagnetism, 2601 
MacKenzie & Crandall, phonetic energy, 
875 b 

Mackcown. S. S., Hall effect and films 
of gold. 1564 

McLachlan, N. W., magneto. 151 
McLaughlin. I). B.. Algol system. 2943 
McLay, A. B.. chromium spectrum, 
1799 

McLennan. J. C.. spectra, 264. 1164* 
McLennan. J. C.. A D. S. Ainslic, 
spectra of the alkalies. 84 
McLennan. J. C.. A G. M. Shrum, 
liquefaction of hydrogen and helium, 
1842; luminescence. 2771 
Macleod, D. B.. surface tension. 190; 
viscosity, 188, 189 

McNicholas, H. J.. M. Katherine Frc- 
hafer & I. G. Priest, spectral trans¬ 
mission. 1434 

McQuarrie, W. C., a-rays, 1602 
McVicker, W. H . J. K. Marsh & A. W. 
Stewart, emission spectrum of or¬ 
ganic compounds. 2276 ; tesla 
spectra. 278 

Madclung. E., & W. Gcrlach, radio¬ 
meter investigations, 1238 
Maey. E.. diffraction. 816; interfer¬ 
ence. 1147 

Maggini, M., double stars. 797, 1731 
Magnan, A.. E. Hugucnard & A. Planiol, 
aerodynamic studies, 1060 ; birds in 
flight. 748 

Magnus. A.. & A. Hodler, atomic heat 
of silver. 2807 

Magrini. S. (erroneously printed Q- 
Majorana), polarisation. 172 
Magyar. F., adiabatics, 2996 
Maizlish. I., X-rays. 2100 
Majumdar, S. K„ & J. N. Mukerjec, 
colloids. 2176 

Mallein, E., & V. Michkovitch, astro¬ 
labe, 2403 

de Mallemann, R.. camphor and car- 
vone, 1124; electromagnetic bire¬ 
fringence. 2717 ; rotatory power, 253 
Mallik. D. N.. electron theory of 
aberration. 3018 

Mallinsbn, J.. * H Briggs. Dewar 
flasks, 742 W 
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Mallock. A., properties of metals. 1835 : 
refractive index of gums. 1119; 
specific heats. 2125 
Maneff, G., Newton’s third law. 2446 
Manley, J. J.. coloured flames. 2047 ; 
primary gas-grown skin. 2393 ; 
Sprcng’el pump gas-grown skins. 
2394 ; vacuum tubes, 2392 
Mann. C. T., gels, 1594 
Mann. D. W., A A. Forbes, string 
galvanometer, 3058 

Manning. P. D. V., F. Daniels A P. 
Keene, high-voltage, high-frequency 
discharge through air, 1897 
Manson, W. H.. A R. A. Houstoun. 

colour-blindness. 458 
Maracincanu, (Miss) S., penetration of 
radio-active substances. 877 ; polo¬ 
nium, 109 ; radiation from a radio¬ 
active substance, 554 
Marasco. M.. viscometer. 1343 
Marcelin, A., solutions and the gas law. 

2168 ; superficial solutions, 180 . 
2610 

Marcus, A., electromagnetic induction. 
2309 

Mardles, E W. J., organo-gels. 343 
Margary, I. I)., Glaisher stand versus 
Stevenson screen. 2691 
Marie, C., A R. Audubert, addition 
agents and overvoltage. 1043 
Mark, H., A O. Hasset, acetaldehyde 
molecules, 2916 ; bismuth. 1682 ; 
graphite, 2441 ; structure of (NH,), 
ZrF v , 2917 

Mark. H., & H. Hoffmann, oxalic acid 
crystal structure, 2915 
Mark. H.. A M. PolAnyi, structure, 356 ; 
tin, 1392 

Mark. H., A K. Wcissenborg. structure 
of metal foil. 18 

Mark, H.. K. Wcissenborg A K. Becker. 

triphcnylmethane. 2007 
Mark. H., K. Wcissenborg A H. W 
Goncll, lattice determinations. 211 
Mark. H., A E. Wiener, lattice structure 
of rhombic sulphur, 2900 
Markgraf. H., atmospheric electricity. 
2312 ; normal atmospheric elec¬ 
tricity in Potsdam. 2214 
Marsh, J. K., fluorescence spectra. 846 ; 
spectra, 1168 

Marsh. J. K . W. H. McVicker A A. W 
Stewart, emission spectrum of organic 
compounds, 2276 ; tesla spectra. 278 
Marshall. J.. Wcyl's geometry, 209 
Martin, E.. A C. R. Davidson, faint 
stars, 2228 

Martin. H. E. L., celluloid. 1051 
Martin, L. C.. photometry. 64 ; survey¬ 
ing and navigational instruments. 467 
Martin. T.. aluminium, 2416 
Martin. W. H.. scattering of light. 1780 
Martinez. P.. lenses, 816 
Marvin, C. F.. analysis of periodicities. 

1996 ; sunspot epochs. 1717 
Marx. Einstein's light quanta. 2964 


Marzetti. B.. viscous flow. 1367 
Mascart, J.. mass of the atmosphere. 
1705 

Masius, M.. ballistic galvanometers. 214S 
Mason. C. C.. tuning-forks. 1853 
Mason. M.. A W. Weaver, settling of 
small particles. 1676 
Masson. I.. A K. J. Isaac, capillary 
tubes. 1338 

Masumoto. B,. S. Kumamoto A S. 
Komatsu, ultra-violet absorption 

spectra. 2970 

Mathers. F. C.. electro-deposited metals 
2377* 

Mathews. J. H.. A B. H. Carroll, calori¬ 
meter. 1214 

Mathews. J. H.. A H. P. Higlcy, gelatin 
spectrum. 1801 

Mathews. W. S.. R. W. Duncan A C. B. 

Bazzoni. photographic densities, 454 
Mathy. E.. circular current, 300 
Matsumura, T.. thermal stresses. 400 
Matura, J.. A V. Niva. X-ray investiga¬ 
tion of cold rolling. 162 
Mauchlv. S. J.. atmospheric electricity. 
2131 ; potential gradient of atmo¬ 
sphere. 591 

Maunder. K. W.. A A S !> Maunder, 
rotation period of the sun from 
magnetic storms. 2454 
Maurain, C . E. Salles A (1. Gibault. 

terrestrial electric field. 3027 
May. H. L.. A G. E. M. Jauncey, 
X-rays. 1821 

Mayr. G.. vibrating bodies, 1056 
Mazzucchelli, A., A Lucia Tonini. 

electrolytic deposition. 1044 
Mears. A. H.. A D. H. Strother, optical 
ratc-of-climb recorders. 2730 
Mccke, R.. A H. I-ey. Boer’s law applied 
to copper sulphate solutions, 3072 
Mccke. R.. A 1*. Lindau, band of 
nitrogen. 2274 

dc Meester. W. A. T.. E. Coehn A 
A. L. T. Moesvcld, solubilities. 3079 
Meggers. W. F.. iron arc spectrum. 2977 ; 
vanadium multiplets, 2504 ; vana¬ 
dium s|>cctrum. 856 

Meggers. W. F., A t‘. C. Kiess. iron arc 
spectrum. 1805 

Meggers. W. F.. C. C. Kiess A K 
Burns, secondary standards of wave¬ 
length. 1803 

Meislnger. C. L.. charting isobars, 774 
Meisser. O., decrement determinations. 
980; electric oscillation measure¬ 
ments. 979 

Meissner, K. W., neon spectrum, 1808 
Meissner, K W.. C. Dorno A W Vahle, 
solar radiation. 2961 
Meissner. O.. colour cone. 822 
Meissner. W.. liquefaction of hydrogen, 
570 

Meitner. L.. /?-rav spectrum. 887 ; 

Compton effect. 1490 ; y-rays, 2796 
Meitner. I... A O. Hahn. /?-ray spectrum 
of radium. 2763 : y-r ays. 105 
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Melli, C.. rotating shaft. 8 
Mendenhall, C. E.. solids, 1375 
Mennic, J. H., protactinium. 110 
Mcnzel, I). H.. planetary temperature, 
440 

la Mer, V. K.. & J. N. Bronsted, activity 
of ions, IG08 

la Mer, V. K.. & E. K. Rideal. hydro- 
quinone, 1316 

Mcrcier, J., synchronisation. 3045 
Mercicr, M., electric oscillations, 319 
Merrill, P. W., variable stars, 802 
Merrill. P. W., & G. Strdmbcrg. variable 
stars. 1740. 1741 

Merritt, G. E.. thermal dilatation of 
ceramic materials. 2537 
Mcrshon, R. D., peak voltage. 977 
Merton. T. R.. & R. C. Johnson, spectro¬ 
scopic illumination, 202 
Mesny, R., generation of oscillations. 

958; short waves. 1905 
Mesny, R.', & A. Dufour, valve trans¬ 
mitters, 959 

Mesny. R.. G. Ferrii & R. Jouaust. 
amplification of currents, 1915; 
photoelectric cells. 654 
Metcalfe, E. P.. & B. Venkatcsachar. 

absorption by mercury vapour. 2091 
Mctschl, J., supcrsaturation, 2104 
Metz, A., Michelson's experiment. 1396 
Meyer, C. F., & D. W. Bronk. interfer¬ 
ence bands, 2083 
Meyer, E., sound-waves. 914 
Meyer. E., M. v. Laue & R. Bar. low- 
voltage arc light in helium, 615 
Meyer, E. H. L.,dielectricconstants. 2327 
Meyer. S., & K. Przibrara, Becqucrcl 
rays. 876 

Meyer, S.. & C. Ulrich, pitchblende from 
St. Joachimsthal, 1830 
Meyers. C. H., glass-to-mctal joint, 387 
Michaclis, L., & A. Fujita, phase boun¬ 
dary potentials. 2629 
Michailova. Kara-, Elisabeth, electric 
figures, 303 

Michailova. Kara-, Elisabeth, & K. 
Przibram, luminescence. 867 ; radio- 
luminescence. 2062 
Michaud. F.. jellies. 1364 
Michcovitch. variables. 1115 
Michel. A.. & L. Vcyret, remanent 
magnetism, 1293 

Michel. G.. & A. Kussmann. absorption 
of blackened surfaces. 571 
Michels, A., absolute pressure measure¬ 
ments. 5 ; pressure gauge, 1361 
Michelson. A. A., optical measurement. 
1432 

Michkovitch. V., stellar statistics. 2704 
Michkovitch. V., & E. Mallcm. astro- 

Mie, G.’. electric field. 24 ; light from 
excited atoms. 1152; optical reson- 
> ance. with X-rays. 280 
Micrdel, G.. elcctrodeless discharge, 2320 
Mierdcl, G.. & R. Seeliger. multiple 
glow. 945 . ,. 


Milch. W., atmospheric transparency, 
2210 ; cyclones. 37 
Millar, R. W., vapour pressure, 1223 
Miller, A. F., helium spectrum tube, 620 
Miller, A. H., gravity results, 783 
Miller. B. L.. & O. A. Hougen, thermo¬ 
couples. 325 

Miller. C. W.. polarisation capacity, 1966 
Miller. R. F.. & L. P. Sieg, selenium. 205 
Millikan. R. A., atomic structure and 
radiations, 2667 ; electrons and 
atomic structure. 26G6 ; electrons in 
atoms. 2665 ; law of fall of a sphere, 
208 ; spectra. 1164* 

Millikan, R. A.. & I. S. Bowen, nitrogen, 
oxygen and fluorine lines, 2772; 
spectra. 1466 ; spectra of boron, 2087 
Millington. W. E. W., & F. C. Thompson. 

brass tube fatigue, 1278 b 
M ills. J. E.. & P. K. Smith, vaporisation. 
115 

Milne. E. A., excited calcium atom, 1726; 
photoelectric effect. 833; stellar 
physics. 1727 ; stellar radiation, 799 
Milne. E. A.. & R. H. Fowler, stellar 
spectra, 2700 

Minkowski, R.. slow electrons, 942 
Minnaert. M.. & W. H. Julius, spectrum 
of the sun’s limb, 511 
Minton. J. P.. deafness, 919 
Mishima. T.. Y. Suguira & H. Nagaoka, 
isotopes of mercury. 1807 
Mitchell. A. C., atmospheric pressure, 
2018 

Mitra. S. K.. wave-lengths, 81 
Mlodziejowski. A.." liquid crystals. 687 
MObius, W.. & K. Lcistncr, stationary 
light waves, 2743 

MOiler, E.. short-circuit figures, 963 
Mollcr. H.. & R. Gross, crystal growth, 

1314 

Moers. K., R. Gross & F. Koref, crystals, 
1601 . ’ « 
Mocsvcld. A. L. T.. W. D. Hcldcrman & 
E. Cohen, calorimeter, 2998 ; specific 
heats, 2995 , 

Mocsvcld. A. L. T.. W. A. T. de Mecstcr 
& E. Cohen, solubilities, 3079 
Moffitt. G. W., lenses, 1423; prism 
system. 1424; prism testing, 470 
Moffitt. G. W.. & P. B. Taylor, trans¬ 
mission of light in instruments, 2051 
Mohammad, W.. Zeeman effect in weak 
magnetic fields, 2792 
Mohler. F. L., lithium spectrum, 1175 
Mohler. F. L., & A. E. Ruark, spectra 
of thallium. 523 

Mohler, F. L.. A. E. Ruark & P. D- 
Foote, helium, 1379 ; . v 

Mohler, F. L., A. E. Ruark, P.. D.. 
Foote & R. L. Chenault. spectra, 
849. 2762 . ' ; 

Moll. W. J. H., galvanometer, 642#* 
thermopile. 327 v , 

Mollier, R.. air-water-vapour mixture 
7b 

Mondain-Monval, P.. solubility, 1951., • 



NAME INDEX. 


113$ 


Monk, G. S., & H. G. Gale, fluorine 
spectrum, 1476 

Montel, B. L., & E, Foa. flow of gas 
through a jet. 10 

Monval. Mondain-, P., solubility. 1951 
Monypenny, J. H. G., corrosion, 351 
Mooney. M„ cataphoresis, 1969 
Moore, B. E.. arc-light spectra. 521. 522 
Moore. Catherine M., & A. Lowy, 
eugenol, 1638 
Moore. H.. X-rays, 1815 
Moore, H. F„ & T. M. Jasper, fatigue of 
metals 2362 

Moran, W. H., & W. G. France, trans¬ 
ference numbers, 1624 
Morand, M., emission of anode rays. 
2573; lithium spectrum. 2090; 
neutral atom of lithium, 2273 ; 
positive-rav spectrum of lithium, 
1876 

Mordcy. \\\ M., alternating magnetism. 

331 

Morey, G. W. melting-points 892 
Morgan G. T.. & W. Bragg, crystal 
structure. 212 

Morgan. S. C., J. F. Lehmann Ac R. W. 

Boyle, sonic beats, 1857 
Morlcy, T. B.. fluid friction. 2294 
Morrell, J. C., & W. H. McAdams, 
latent heats, 1846 

Morton. R. A.. & E. C. C. Baly. refrac- 
tivity. 2716 

Morton. R. A.. & H. Barnes, absorption 
spectra, 609 

Morton. VV. B., discontinuous liquid 

flow, 2663 

Mosharrafa. A. M.. Stark effect, 277. 

2606 ; Zeeman effect, 82 
Mould, J.. dielectric constant, 144 
Mourashkinsky, B. E., diffraction image. 
475 ; diffraction image of two close 
luminous lines Of finite width. 2254 
Mourcu, C., C. Dufraisse, L. Tam pier Ac 
P. Gailliot, gels. 3077 
Moureu. C.. A. Lepapc Ac H. Mourcu. 
radio-activity of thermal springs, 
2795 

Muller, A., 860; crystal axes. 2000; 

fatty acids. 14 ; physical axioms. 388 
Muller, A., & G. Shearer, X-ray measure¬ 
ments of chain compounds, 756 
MQller, E., delivery of small volumes of 
liquid. 1064 

Muller, E.. & A. Flath, electrometric 
estimation, 1040 

Muller, W. J., passivity of metals, 3098 
Mugeli, H., L. Defossez Ac A. Jaqucrod, 
pivotal movements. 200 
Mukherjce, J. N.. & S. G. Chaudhuri, 
Huspcnsoids, 2176 

Mukherjce, I. N., Ac S. K. Majumdar, 
colloids, 2175 

Mukherjee. J. N., Ac B. C. Roy, colloids, 
1070 

Muller, J. J. A., pendulum observations 
in submarines, 732 
Mulliken, R. S., band spectra, 1402 


Murakami. T., & K. Honda, iron carbon 
silicon alloys. 352 

Murphrce, E. V.. Ac W. K. Lewis, vapour 
pressure. 1225 

Muzaffar, S. D., antimony-lead alloys. 
361 

Myrback. K.. H. v. Euler & E. Rudbcrg, 
glucose. 1443 

Myssowsky, L.. a-rays and the atomic 
numbers. 562 


Nigel, A., combustion of hydrogen-air 
mixtures. 1013 

Nagaoka, H., & V. Sugiura, iron spec¬ 
trum. 93; spectra of isotopes, 1795 
Nagaoka. H.. Y. Sugiura & T. Mishima, 
isotopes of mercury and bismuth. 
1807 

Nakamura. S., aplanatic objective. 2950 
Namikawa, N., A: S. Kimura. iron wire. 
1907 

Narayan. A. L.. scattering of light. 818 
Narayan, A. L.. A: D. Gunnayya. 
absorption. 2845; absorption of 
potassium vapour, 1483 
v. Nardroff. R.. refraction of X-rays, 
2523 

v. Nardroff. R.. & B. Davis. X-rays. 1486 
Natarischwily. A., galvanic cells, 167 
Nelson. R. A., convection, 1512 
Ncrnst. ionisation. 911* 

Ncttleton. L. I... radii of molec ules. 1872 
Neumann. H.. A: A. Coehn. electrolytic 
gas bubbles. 713 

Neumann. O., A: A. Euckcn, Wiedemann- 
Franz law. 2991 

Neville. R. P.. thermocouples, 1911 
Neville. R. P„ & J. R Cain, alloys of 
electrolytic iron, 1027 
Ncwbcry, E.. overvoltage, 1967 
Newitt, D. M.. W. A. Bone & D. T. A. 

Towncnd. gaseous explosions, 1901 
Newman. I-. H., absorption by sodium 
vapour, 03 ; emission spectra. 2777 ; 
gas discharge tube. 1898 ; high pres¬ 
sures, 727 ; mercury vapour tube 
current wave form. 1893; vapour 
arc lamp. 1278 

Nichols, E. L.. luminescence. 498 
Nichols. E. L.. A: H. L. Howes, flames. 
1448 ; photoluminescence of flames, 
480 

Nicholson. J. W., A: F. J. Cheshire, 
testing prisms. 1141 

Nightingale. Dorothy. S. Calvert Ac 
R. T. Du fiord, luminescence, 259 
Nishina. Y.. S. Werner A: D. Coster, 
absorption spectra. 648 
Nisi. H., A: A. W. Porter, eddies in air. 
207 

Niwa, Y.. A: J. Matflra. X-ray investiga. 

tion of cold rolling, 102 
Njegovan. V., entropy. 2299 
Noack. K . interference. 1146 
Noddack. W.. Ac J. Eggert. photor 
chemical e«|uivalcncc. 490 a 
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Nodon. A., magnetism and state of the 
atmosphere. 2022 

Nodon. A.. D. Berthelot, radio-activity. 
1201 

du Nouy, P. L.. surface tension of 
colloidal solutions. 2852 
Nolan, J. J.. gaseous ions. 2318; ionic 
mobilities in air and hydrogen. 598 ; 
ions in the atmosphere, 1863 
Nolan, J. J., & J. Enright, large ions in 
air. 596 

Nolan, J. J., & H. V. Gill, electrification 
by pulverisation. 127 
Norbury. A. L.. hardness of lead. 349 
Nordhcim. L., degenerate systems. 764 ; 
disturbed motion calculus. 25 ; hydro¬ 
gen molecule, 421 ; statistical en¬ 
tropy and molecular number. 2811 
Noumcrov. B. V.. extrapolation of 
perturbations. 2699 
Nowack, electrolytic chromium. 2379* 
Noyes, A. A., ionised solutes. 2169. 2170 
Noyes, B., Jr., resistance of carbon and 
graphite, 3049 

Noyes, W. A., Jr., discharge in chlorine. 
2825 

Noyes, W. A., non-polar link. 1018* 
Nukiyama, H., A T. Kuwashima, 
• triodc valve. 1882 

Oakley, H. B.. & J. C. Philip, conduc¬ 
tivity and ionisation of K1 solutions, 
2360 

Obcrguggcnbergcr, V., penetrating radia¬ 
tion. 1711 

Obreimow. I., & L. Schubnikow. single¬ 
metal crystals. 2619 

Obrutschewa, A., & N. Isgarischcw. 
' properties of chromium. 700 
O’Day, M. D.. thermal conductivity, 
1837 

Oelkers, K., discharge in hydrogen and 
air, 2826 

Okubo, J., electrical conductivity of 
molybdenite. 2585 

Okubo. J., & R. Seeliger, striated dis¬ 
charge, 2827 

Oldenbcrg, O., radiation of iodine 
bands, 2498 ; spectra of iodine. 514. 
2974 

Ollendorff. F.. capacity machines, 126; 

influence machines, 1249 
Olmstead, P. S.. & K. T. Compton. 

radiation potentials, 1170 
Oltay, K., planimeter. 2046 
Onnes, H. K.. & L. C. Jackson, para¬ 
magnetic sulphates, 989 
Onnes. H. K„ & W. Tuyn. electric 
resistance of indium, 625 
Onnes, H. K.', & H. R. Woltjer. magneti¬ 
sation at low temperatures. 998 
Ono, S., terrestrial magnetism. 1938 
Oort. J. H., biharies. 1739 
Oosterhuis, E., & G. Holst, sparking 
potential, 952 
Orme.iF., corrosiori, 341 
Omstcin. ionisation. 911* 


Ornstein. L. S., fluid Crystals, 2388 
Ornstein. L. S.. & H. C. Burger, light 
quanta, 1450. 1451 ; light quantum 
and electrons, 1078 ; radiation. 2070; 
resonance light, 2956 ; yellow helium 
line 5876 A.. 2510 

Osborne. N. S., calorimetry, 1836; 
steam. 893 

Oschwald, U. A.. & A. G. Tarrant, 
discharge in a neon lamp, 2566; 
neon lamp, 2568 

Oseen, C. W.. anistropic liquids. 1675 
Osgood. T. H., photoelectric activity, 
2142 

Ostwald. W., colloid science. 2358; 

viscometry of colloidal solutions, 2606 
Otashiro, T.. visibility curve, 57 
Ott, H.. aluminium nitride, 1393 
Otto. J.. & L. Holborn. isothermals, 1849 
Owen. D., molecular fields and cohesion, 
2426* ; surface tension. 1652* 

Owen, E. A., copper aluminium alloys, 
2790* 

Owen. E. A.. N. Fleming & Winifred E. 

Fagc, gamma rays, 2988 
Owen. E. A.. & G. D. Preston, atomic 
structure. 2910; X-ray analysis. 
1031. 1032 

Owen. S. P.. integral J K 0 (/)rf/. 1365; 

van dcr Waals’ equation, 1230 
Owens, J. S., atmospheric pollution, 2933 
Oyabu, K., electrolytic chromium, 711 

Page, L.. magnetic fields, 586 
Paget. R. A. S.. consonant sounds, 2817 
Palatini, A., Einstein's equations, 427 
Palm. A., peak voltage, 1580 
Palmaer, W., lead peroxide, .6851 
periodic system. 2856 
Palmer. F., Jr., measurements. 410 
Palmer. W. G.. adsorption films, 2850 
Pamfil, G. P., & I. D. G6tz. diffusion of 
molecules and ions. 2361 
Panbianco. G.. electricity in medicine, 
1005 

Paris. M., electronic emission. 3042; 

hysteresis loss, 2349 
Parker, H. C.. hydrogen chloride, 173 
Parker, H. C.. & Elizabeth W. Parker. 

conductance measurements. 1581 
Parker. R. G.. & T. M. Lowry. Pulfrich 
refractometer, 478 

Parlin. W. A., forces between coils 
carrying a.c. of radio frequency, 657 
Parsons. S. R., & C. S. Fazcl, corona, 
2133 

Partington, J. R.. chemical constants. 
164 

Partington. J. R.. & J. Grant, concentra¬ 
tion cells, 1320 

Partington, J. R.. & A. B. Howe, 
specific heats of nitrogen and oXygen, 
1221 

Parvulesco. C., Perseus. 1747; stitf 
clusters. 1114 
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Paschen, F., atomic structure. 416 
Patrick, W. A., & F. V. Grimm, dielec¬ 
tric constants, 1283 

Patterson. R. A., X-ray crystal analysis, 
2527 

Patzclt, F., temperature measurement, 
289 

Paul, T., dibasic acids. 2874 
Pauli, W., Jr., complex structure terms. 
1163; light quanta, 1452 ; radiation 
and free electrons. 577 
Pauling, L.. magnesium stannide. 1067 
Pauthenier, refractive index of liquids 
in an electric field, 2238 
Pauthenier & G. Bruhat. ultra-violet 
rays. 2352 

Pauthenier, M., ft G. Bruhat. ultra¬ 
violet rays. 2713 

Payne, Cecilia H., B-stars. 2229 ; 
ionisation potential of elements. 
2707 ; stellar atmospheres. 2501 ; 
stellar temperatures. 1809 
Pazziani, A., & C. E. Guyc, glass and 
quartz filaments. 2386 
Peacock, H. B.. wave filters. 1526 
Pearce, J. A., S. Trianguli, 1746 
Pearce, J. N.. ft A. R. Fortsch. free 
energy of dilution. 1323 
P6chcux, H.. carbon steels, 332 ; per¬ 
meability and hysteresis of nickel, 
140 

Pcchingcr, L., thermoelectric effect in a 
wire. 637 

Peddle, W.. relativity. 221 
Pcdcrzani, T., & H. Boas, electromagnet. 
088 

P6rard, A., metrology, 1661 
Perfect, D. S., infra-red radiation. 2063 
Pcrman, E. P.. properties of powders. 
2664* 

Pcrman, E. P.. & H. L. Saunders, 
vapour pressures of sucrose solu¬ 
tions, 101 

Perot, A., Wladimir Michclson principle, 
1153 

Perrakis, N., critical state of misci¬ 
bility. 1966; miscibilitv, 1516; 
specific heat and heat of mixture. 
1219 

Pcrrcau. (Miss) G., ft A. Boutaric, sus¬ 
pensions of electrolytes. 2869 
Pcrrettc, B., arc for spectra. 502 
Perrier. A., ft A. J. Staring, iron mole¬ 
cules. 662 

Perrin. F., decrease of fluorescing power, 
2261 ; viscosity and fluorescence. 
2406 

Perrin, F.. E % Bauer ft P. Auger, 
X-rays. 866 

Perrin, G. H.. permanent magnets, 996 
Perrin. J.. fluorescence. 499 
Perrinc. J - O.. fluorescence, 537 ; micro- 
photometer, 1426 

Perry. J. \\\, aberrations from the 
Hilger interferometer. 2246 
Perry, J. W.. ft C. C. Roberts, refracto- 
meters, 1125 


Persico, E.. electrons 923 ; von Ettings- 
hausen effect, 1296 ; relativity. 429 ; 
rotating currents, 983 ; space and 
time. 31 

Pcrucca. E., volta effect. 962 ; voltaic 
properties of mercury, 166 
Peters. W. A.. Jr., ft F. C. Blake, heat 
transfer. 3000 

Peters. \V. J., terrestrial magnetism. 
1002 

Petit, I.cv£quc-. J.. interrupters. 1919 
Pctitjean. L.. forecasting. 2020 
Petrie, F.. chain balance, 373 
Petrikaln. A., chemiluminescence. 1507. 
2493 

Pcttersson, H., atomic nuclei, 1834 ; 
radium C. 1198 

Pettersson. H., ft G. Kirsch. disintegra¬ 
tion of atoms. 1202 
Pettit. E.. mirrors. 1130 
Pflieger-Haertcl, H.. singular points ol 
circular cubics. 2657 
Philip, J. C.. ft J. Jarman, adsorption. 

Philip. J. C.. ft H. B. Oakley, conduc¬ 
tivity and ionisation of KI solutions, 
2360 

Phragmdn. G.. ft A. Wcstgren, solid 
solutions. 1604 

Phragmdn, G.. A. F. Wcstgren ft E. K. 

Jcttc, copper-aluminium alloys. 2790 
Piaggcsi, G., electro-sensitive lamina*, 
931 

Picard. P.. ft R. Dubrisay. capillary 
phenomena. 383; surface tension. 

1340 

Piccardi, G., gaseous systems. 2543 
Pickering, E. C.. ft A. J. Cannon, 
Henry Draper catalogue. 2946 
Pickering. F. S.. critical constants. 1613 
Pickering. W. H.. Jupiter's satellites. 
2705 

Picon. M., ft P. Lcbeau, heating elec¬ 
trically in vacuo. 2395 
Pierce, G. \V., piezo-electric resonators 
and calibration of wavemeters, 646 
I*i£ron, H., excitation of the retina. 1421 
Piersol, R. J., photo-electronic veloci¬ 
ties. 1884 

Picrucci. M.. electric arc. 616 
Pike, S. R., faint images, 703 
Pilling. N. B.. heat treatment. 1029 
Pionchon. J.. ft (Miss) F. Dtinora. 
photoelectric properties of cuprous 
oxide. 2628 

Piper, S. H.. ft E. N. Grindley, structure 
of salts, 210 

Pirani. M-. diffuse reflection. 2284 
Pirani, M., ft E. Lax. light radiation of 
wolfram. 2270 

Pirani. M.. & J Hunge. electric conduc¬ 
tivity in alloys. 2331 
Planck. M., energy fluctuations. 1057. 

1070; thermal radiation. 1841 
Planiol. A.. A. Magnan ft E. Huguenard. 
aerodynamic studies. 1000 ; birds in 
flight. 748 
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Plaskctt. J. S.. O-type stars, 813; 

Victoria spectrograph, 1428 
Platrier, C., resonance of shafts, 2003 ; 

vibrations in a shaft, 2002 
Plaut, hardness, 730 
Ploetz, G.. & K. Arndt, electrical con¬ 
ductivity of molten caustic soda, 
2580 

Plotnikow, J., photochemistry. 1763 
Pochcttino, A., & G. Fulcheris, iodine, 
626 

Podszus, E., positive crater. 619; 

radiation from gas mantle. 489 
Pohl, R., electric oscillations, 1555 
Pohl, R.. & B. Gudden, conductivity of 
cinnabar, 964 ; phosphores. 1265 
Pokrowski, G. J.. & G. P. Woronkoff. 

selective reflection, 1117 
Polack, A., accommodative reflex of the 
eye, 58 

Polinyi, M., structure by X-rays, 412 
PolAnyi, M., & H. Mark, structure. 356 ; 
tin. 1392 

Pol&nyi, M.. E. Schicbold & K. Wcissen- 
berg, X-ray analysis, 2110 
Pollard. A., hydrometer. 1334 
Pollitzer, F., temperature of vapour. 900 
Pollitzer, F.. & E. Strebel. saturation- 
vapour concentration of liquids. 2545 
Polvani. G., law of probability applied 
to spark, 3036 

Pomcranzewa. A.. & N. Isganschew. 

hydrogen ions in gels, 1037 
Pontrcmoli. A., discharge in gases. 1267 ; 
effect of magnetic field upon dis¬ 
charge, 608 ; electric conductivity of 
flames. 2330 ; neutrons. 23; ther¬ 
mionic emission, 612 
Poole. H. H.. convection. 1511 ; crustal 
movements. 226 

Poritsky, A., fluorescent rhodamin B, 

2264 

Poritsky, A.. & E. Karrer. photometer. 

1427 / 
Porlczza, C.. arc spectrum of silicon. 

2514 ; four-volumes rule. 897 ; spec¬ 
trum of silicon tetrafluoride. 2515; 
three-temperatures rule. 896 
Porlezza. C.. & A. Donati. spectro- 
graphic analysis in detecting rare 
elements, 2509 . 

Porter, A. W.. electric potential. 2369 
Porter, A. W.. & J. J. Hedges, colloidal 
suspensions. 345 

Porter, A. W., & H. Nisi, eddies in air, 
207 

Porter, F., pump. 2887 
Porter. H.X.. gramophone. 1520 
Portevin. A.. Young s .modulus and 
atomic volume, 38* ( ; 

Posejpal, V.. refraction of-gases 1118 
Posnjak. E. W.. A R. W. G Wyckoff 
structure ol lithium iodide and 
-rubidium fluoride, 753 
Potapenko., G., electric absorption, 956 
Potter. H. H.. electrons. 315> mass and 
weight, 731 


Pound, J. R., electrical conductivities, 
3052 

Power, A. D., atmospheric ionisation, 132 
Powell. J. H.. " radium ” recording 
devices, 1828 

Prasad. G.. mean absolute star magni¬ 
tude, 2461 

Prasad, M.. acoustical properties of gels, 
583 ; monovalent salts, 2892 
Press. A., Maxwellian radiation, 3016 ; 

stationary waves, 584 b 
P reston, G. D.. & E. A. Owen, atomic 
structure. 2910; X-ray analysis, 
1031. 1032 

Price. T. S.. photographic emission, 
1011 ; photography. 2958 
Priest. I. G.. colorimetry, 826 ; colour, 
1418 

Priest. I. G.. H. J. McNicholas & M. 
Katherine Frehafcr, spectral trans¬ 
mission, 1434 

Prince, C. E.. free pendulum, 1983* 
Pring, J. N., aflinity constants of bases, 
2623 

Pringsheim, P.. polarisation. 2085 
Pringsheim, P., & A. Carrclli, dyestuffs, 
497 ; phosphorescence, 78 
Pringsheim, P., & E. Gaviola, fluores¬ 
cence of dyestuffs. 2263 ; resonance 
radiation, 2497 

Probst, H.. & K. Arndt, anode effect,169 
Procopiu. S.. arc spectra. 1793. 2976. 
** raics ultimo*. 2076 ; refraction ol 
suspensions. 1778 

Proctor. C. A., B. Ames & A. Ames, jr., 
vision. 1762 

Proudman. J.. & A. T. Doodson. North 
Sea tides. 2692 /, 

Przibram, K.. Becqucrel rays, 1W. 

882 ; phosphorescence. 284 , 

Przibram, K.. & Elisabeth Kara- 

Michailova, luminescence, 867 ; radio- 
luminescence. 2062 

Przibram. K.. & S. Meyer, Bccquercl 
rays. 876 

Puccianti. L., X-rays. 858 
Pugno-Vanoni. E., electrostatic oscillo¬ 
graph. 2337 ,' r j. 

Pulfrich, C., colours by rotation of the 
plane of polarisation, 2266 
Purvis. J. E., absorption spectra, 624; 
absorption spectra of solutions of 
benzene, 518 ; spectra. 503 

Quarder, B/, optical refraction, 2033 

Radt, W. P., moving charges. 302 
Raethjen, P., Hall effect, 1566 
Raisch, E.. H. Hausen & O. Knoblauch. 

. water-vapour, 114 '.,q 

Raleigh. F. V.. & A. C. Egertoh, vapour 
pressures, 903 

Ralston. O. C., electroSmosis, 1041 
Ralston. O. C:. & G. S. TiUey, hydrolytic 
reactions. 1963 • ’ 

Raman, C. V., molecules in a fluid, 199' 
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Raman. C. V., & A. S. Gancsan. helium 
spectrum. 1477 

Raman. C. V., & K. R. Ramanathan. 

scattering of light. 247 ; X-rays. 1189 
Raman, C. V.. & K. S. Rao, scattered 
light. 69 

Ramanathan. K. R.. colour of the sea. 
456 ; resistance of copper and iron 
fused with mica. 972 ; scattering of 
light. 2488 

Ramanathan, K. R., A C. V. Raman. 

scattering of light, 247 ; X-rays. 1189 
Ramdas, L. A., colours of crystals. 2240 
Ramsauer, C.. explosions under water, 
11 ; gas molecules. 216 
Ramsay, A. G.. & J. S. Thomas, partial 
pressures of sulphuric acid. 898 
Ramspcck, A., refraction with celluloid, 
2715 

Rana, T. C.. & N. A. Yajnik. adsorption. 
1947 

Rand. G., & C. E. Fcrrcc, ocular func¬ 
tions. 2478 

Randall. H. M., infra-red spectra. 2080 
Rankinc, A. O., molecular fields and 
cohesion, 2426* ; viscometer. 1344 
Kao, K. S.. colours of mixed plates, 2251 
Rao. K. S.. A C. V. Raman, scattered 
light. 69 

v. Raschevsky. N., Fitzgcrald-Lorcntz 
contraction, 585; Lorentz and 
Galilei transformation, 428 ; Michel- 
son experiment. 1699: photomag- 
netic effect. 990 
Rasetti. F.. dispersion. 2486 
Rau. H., canal rays, 1272 
Rauschelbach, H., tide predictor. 2936 
v. Kautcnfcld. F., conduction of crystals. 
966 

Rav, J. C. K., scattering of light. 252 
Ravut, C., networks carrying alternating 
currents. 468b, 790b 
Rawdon, H. S., A W. Blum, electro- 
deposited metals, 2377 
Rawling, S. O., A F. C. Toy. density 
meter, 1408 

Rawlins, F. I. G., focal length. 251 
Ray. 13.. colloids. 2242 
Rayleigh (Lord), glow of phosphorus, 
335 ; night sky, 2947 ; phosphorus. 
2860 

Reader, R. C., rate of cooling. 1610 
Kcbbeck, J. W., A 1. B. Ferguson. 

electrolysis of soda-lime glass, 3100 
Kcboul, G., A Rodin, ultra-violet and 
X-rays, 2756 

Reboux, P., Holwcck triodc, 407 b 
R eeb, O.. colour temperature measure¬ 
ment, 889 

Regener, F.. A W. Hiller, spark lag. 
1892 

Rehbinder. P.. surface activity of 
solutions, 3071 

V. Kchcnburg. R. G., A R. Krcmann, 
electrolysis. 2867 

Reichardt. G., A H. Schcring. compen¬ 
sated shunt. 1286 


Rcichcmbacher. E.. Weyl theory, 1691 
Reichinstcin. D.. potential difference at 
the boundary of two phases, 2188 
Reiff, O. M., A J. C. McCullough, case- 
hardening, 2876 
Reiger, R.. gelatinisation, 3076 
Reiher. H.. A O. Knoblauch, tempera¬ 
ture of vapour, 899 

Reinhold. H., & C. Tubandt. conduc¬ 
tivity of solid salts. 170 
Rclf, E. F.. stream lines. 2823 
Rcmy, H.. electro-endosmosis, 175 
Reuther, F.. A P. Ludewig, alteration 
of colour of crystals by radium rays. 
558 ; colour in rock-salt due to 
X-rays. 2519 

Key, J.. & A. Blondel. law of perception, 
1128; limiting perception. 2476 
Rhodes. F. H.. A E. 13. Johnson, electro¬ 
lytic corrosion. 2851 
Rhodes. J. E. W\. & G. W. F. Holroyd, 
electrolysis of potassium oleate. 1644 
v. Rhorer. L.. carbon cells, 693 
Ribaud, G.. A G. Darmois fluxmeter, 
2336 

Ricaud. M.. & L. Escande, similitude. 
1672 

Rice. C. \\\, convection of heat. 890 ; 

forced convection. 2288 
Rice, E. W.. Jr.. Joseph Henry. 720 
Richards. H F.. contact electricity, 589 
Richards, T. W., internal pressures. 
2428; internal pressures of solids, 
2546 

Richards. T. W., A VV. T. Richards, 
chemical affinity. 674 ; hydrogen 
occluded in iron, 1320 
Richards. T. W\, C. L. Speyer* A E. K. 

Carver, surface tension. 1978 
Richardson. E G.. yEolian tones, 1854 ; 
• singing flame. 122; whistling flame. 
293 

Richardson. II. K., chromium-plating of 
steel. 2380* ' 

Richardson. L. F\. air temperature. 

1092 ; measurement of wind. 1703 
Richardson. (). W., electron emission. 
1544, 1869; photoelectric activity. 
2060; quantum. 426 ; thermionic 
emission, 3041 

Richtmyer. F. K.. A F. W. Warburton. 
X-rays. 1187 

Ridcal. E. K., chemical combination, 
1022 ; colloidal sols. 2612 ; reversible 
electrode. 2636 

Ridcal. E. K.. A A. K. Goard, catalysis. 
1615, 1616; controlled oxygen elec¬ 
trode. 2633 

Ridcal. E. K.. A V. K. la Mer. hydro- 
quinonc. 1316 

Ridyard, If. N.. inctal-to-glass joint. 

1347 

Ric, E., radium emanation, 104 
Ricdinger. F.. gravitation, 425 
Ricthof. G., A C. Druclccr. strong 
electrolytes. 2614 
Kitty. L.. filtration. 2822 
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specific gravity of 


and 


K.. Schwarzschild con- 
spcctral lines, 838 
spectra. 1164*; X-rays. 


Riiber, C. X. 
alcohol. 370 

Riley. H. L., atomic dimensions 
chemical reactivity, 2861 
Rinaldi. R. H.. & C. R. Darling, thermo¬ 
electric properties of bismuth alloys, 
2391 

Ringer, \V. E.. E. Smits & H. Zwaarde- 
maker. Is caesium radio-active ?. 883 
Rislcr, fluorescent tube, 79 
Roberts. C. C.. & J. W. Perry. refracto- 
meters. 1125 

Roberts, H. S., melting-points. 1844 
Roberts, J. K., & G. W. C. Kaye. 

thermal conductivity. 113 
Roberts, O. F. T., scattering of smoke. 
735 

Robertson, J. 

stant, 842 
Robinson, H., 

868 

Robinson, R.. octet stability, 1020 
Robinson, R., & A. Lap worth, polarities 
in a chain of atoms. 1019 
Rocard, Y.. motion of a gas. 2296 
Rod, E., & R. Gautier, observations at 
Saint Maurice. 776 

Rodebush, W. H.. & M. F. Fogler. 
vaporisation of mercury and cad¬ 
mium, 290 

Rodman, J. A., radium compounds, 1504 
Roc, E. D.. sagital formulae, 1767 
Rdhrig. H ., annealing of aluminium. 2815 
Rttssiger, M., thermions, 926 
R&ssigcr, M., & S. Valcntiner, fluores¬ 
cence, 2494 

R&stad, A., snowfall measurement. 2689 
Rogers, J. S., & L. F. Bates, polonium. 

1601 ; radium, etc., 1197 
Rohn, W.. nickel alloys. 2838 
Rohr, M., photographic objective, 2742 
Rollefson, G. K., X-rays. 1495 
Kolton, Winifred L.. & R. S. Troop, 
surface tension. 1652 
Roman. I., aberration in optical systems, 
471 

R6na, S., rising air, 43 
Ronchi, V., grating fringes. 2253; 
optical systems. 817 ; studying opti¬ 
cal systems. 463 
la Rosa, Mira Ccti, 1750 
la Rosa, M., propagation of light. 2903 ; 
variable stars and the velocity of 
light, 807; velocity of light, 54. 
1410. 2470 

Roschansky. D.. resonance curves. 190* 

Rose. Smith-, R. L., amplification, 1578 
Rosecrans. C. Z.. Trowbridge pressure- 


650 

2180 ; copper- 
2790* ; solid 


reporders. 2399 
Rosen. A., dielectric 1 
Rosenhain, W.» alloys, 
aluminium alloys, 

solutions, 2608 

Ross, A. D.. intensity of corona at 

Ross! Kit., photographic emulsion, 496 ; 
photographic film, 1336 


Ross. P. A., change in wave-length by 
scattering. 282; scattered X-rays, 
2784 ; thorium M-series lines, 526 
Rosseland, S.. star absorption. 2462 
Rossi ter, R. A„ Beta Lyra*, 2942 
Roth. W. A., efficiency of a mechanical 
stirrer, 2400 

Roth6, Lacoste, Bois, (Miss) Dammann 
& (Mrs.) H6e, sound transmission, 
3014 

Rother, F., & K. Lauch, metallic films, 
1123 

Rothmund. V., passivity of metals, 2609 
le Roux, J.. notion of time, 1082 
Rowley. H. J., W. R. Hainsworth & 
D. A. Maclnnes, hydrogen, 2372 
Roy. B. C., & J. N. Mukherjce, colloids, 
1970 

Roy. L.. electric current in moving 
continuous media, 2306; electro¬ 
magnetic waves, 2577 ; induction in 
moving continuous media, 3019 
Roy. S. C.. electron emission, 1879 
Royer, L.. mesomorphic state, 1764 
Ruark, A. E.. hydrogen Balmcr scries, 
273 

Ruark. A. E.. P. D. Foote & F. L. 

Mohler, helium, 1379 
Ruark. A. F... P. D. Foote, F. L. Mohler 
& R. L. Chenault, spectra, 849, 
2762 

Ruark. A. E.. & F. L. Mohler. spectra of 
thallium. 523 

Rubinowicz. A., diffraction, 1143, 2475 
Rudbcrg. E., photochemical decomposi¬ 
tion. 2367 

Rudbcrg. E., K. Myrbfick & H„.v, 
Euler, glucose, 1443 
Rude. G. T.. tides. 1714 
Rudy, R.. disruptive potential, 950 
RQchardt, E., a-raysand canal rays, 1254 
ROdcnberg. R.. wave forms, 1054 
RQttcnaucr, A., glow discharge, 946 
Ruff, O., high temperatures, 3002 
Rumpf, E., Benedicks’ thermoelectric 
effect. 638 

Rungc, C.. graphs, 2385 , i . 

Runge, I., heat conduction, 573 
Runge, J . & M. Pirani. electric conduc¬ 
tivity in alloys, 2331 
Runge, W.. coupled oscillations, 1900 
Rupp, E.. light emission, 937 ; phos- 
phorcs. 968 

Russell, A. S., complexity of the ele¬ 
ments. 2353. 2919; isotopes, 679; 
radio-active disintegration, 285 
Russell, A. S., & W. G. Guy. products of 
uranium, 556 

Russell. A. S.. & W. P. Widdowson, 
radio-active disintegration series,. 
2982 ; radio-active substances,, 663 
Russell, H. N., modem physics and 
astronomy. 2697 

Russell. H. N.. & K. T, Compton, 
hydrogen lines in giant stars, 2?07 
Russell. H. N., & J. Q. Stewart, pressures- 

at the sun’s surface, 2226 , Ii J „ 
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Russell, R. P.. V. J. Altieri & W. G. 
Whitman, submerged corrosion of 
steel, 2855 

Russell. R. P.. & W. G. Whitman, corro¬ 
sion, 1952 ; corrosion of iron. 2615 
Russell, T. F., cold-worked steel. 353 
Rutherford. E., a-particles. 1205; 

matter, 215 ; nucleus of the atom, 
1377 ; properties of gases. 1358 
Rutherford, E.. & J. Chadwick, bom¬ 
bardment by a-particles. 1833 ; dis¬ 
integration of elements. 2990; 
radium C. 2989 

Ryall. L. E.. peak voltage. 1925 
Ryan. R. W.. & W. D. Harkins, photo¬ 
graphing the disintegration of an 
atom. 287 

Rydc, J. W., discharge in a neon lamp. 
2.566* 

Ryschkewitsch. E., graphite, 969 
Ryschkewitsch, E., & F-. Kostcrmann. 
graphite. 1335 

Sabine, P. E.. acoustical powers. 915 
Sachs, G.. friction. 1667 
Sacia, C. F.. & I. B. Crandall, vowel 
sounds. 2556 

Safranck, J.. magnetic properties. 1295 
Saha. M. N.. properties at high tempera¬ 
tures, 209 ; stellar reversing layer. 
2708 

Saha. M. N.. & N. K. Sur. active modifica¬ 
tion of nitrogen. 3043 
Sahulka. J., determining mean spchrical 
candle-power. 62 
St. John. C. E., solar lines. 771 
St. John. C. F... & H. D. Babcock, 
reversing layer of the sun's atmo¬ 
sphere, 2940 

Salb, A., arc light. 307 ; magnetic field 
of different forms of coils. 579u 
della Saida. C.. length of day. etc., in 
the solar system, 1 106 
Salct. stellar atmospheres, 1729 
Salisbury. H. M.. M. T. Harvey & C. E. 

Davis, gelatin solutions, 1337 
Salles, E. t C. Maurain & G. Gibault. 

terrestrial electric field. 3027 
Saltmarsh, M. O., phosphorus spectrum. 
2094 

Samcshima, J.. & K. Hayashi, adsorp¬ 
tion of charcoal. 2382 
Sampson. R. A., clocks. 1984 
Sand. H. J. S.. & E. J. Weeks, over¬ 
voltage. 706, 1636 

Sandeman, E. K.. loud-speakers. 1522 
Sanford, F.. air-earth currents. 1263 
Sanford. R. F.. R-typc stars, 2469 
Sano, S.. chemical changes. 157 
Saslawsky, J. J.. liquids. 2384 
Satterly. J.. atmosphere. 443 
Sauerwald. F.. & E. Jaenichen, synthetic 
metallic bodies. 2179 
Saunders. F. A., spectroscopy. 1162 
Saunders. H. L.. & E. P. Pcrman. 
vapour pressures of suciosc solutions, 
101 


de Saussure, L.. compass, 334 
Sauvageot. & H. Delmas, tempering, 
1030 

Sawaritzky. N.. L. Scharloff & M. 

Wrewsky. vapour pressures. 3003 
Sawaritzky. N-. & M. Wrewsky. heat. 
3080 

Sayre. M. F.. & I). Basch, corrosion, 1606 
Schachenmeier. R., crystal lattice. 414 
Schack. A., radiation from combustible 
gases. 2267 

Schaefer. C.. elasticity. 203; Hertz 
gratings. 2139 

Schaefer. C.. & K. Wilmsen. oscillation 
of dielectric and conducting systems, 
2576 

Scharer. O.. strong electrolytes. 2171 
Schalek. Emmy. & H. Freundlich, 
colloid solutions. 2173 
Schall, C.. & W. Kirst. reduction of 
ketones. 710 

Scharloff. L.. N. Sawaritzky A* M. 

Wrewsky. vapour pressures. 3003 
Schaufelberger. A., kathode-fall. 944 
Schaum. K.. W. Hcnss, spectropho¬ 
tometry. 2481 

Schay. G.. monatomic perfect gases, 
2555 

Schcdler. A.. Austrian magnetic survey. 
1301. 1302 

Scheffers. H.. solarisation. 832 
Scheibe. A., production of very short 
waves. 961 

Schcller, A., longitude of Innsbruck. 786 
Schcminzky. F., conductivity. 2145 
Schering. H.. apparent power and power- 
factor, 2339 

Schering, H.. & G. Gehlhoff. glare and 
headlights. 457 ; photometer, 1120 
Schering, H., & G. Rcichardt, compen¬ 
sated shunt. 1286 

Schicbold. E.. K. Weissenbcrg & M. 

Poldnyi, X-ray analysis. 2110 
Schiller. H.. electromotive properties of 
glasses, 2371 

Schindelhauer. F.. atmospheric electro¬ 
dynamics. 2211 

Schlccdc, A., phosphorescence. 260 
Schlcedc. A.. & A. Gruhl. X-rays. 872 
Schlenck, W.. conductivity of air, 590 
Schlesinger. H. I.. & M. W. Tapley, 
spectra. 1179 

Schlundt, H.. & H. H. Barker, radium. 
1829 

Schmakow. P.. & G. Kuprijanow, 

oscillation circuits. 907 b 
S chmckcl. J.. & R. Sceliger. kathcdic 
stream-density. 1270 
Schmick, H.. Born-Lcrtcs effect, 10; 

electrolytic ions. 2374 
Schmid, E.. crystals. 1611 
Schmidt. F.. phosphorcs, 2406 
Schmidt. G.C.. & R. Walter, conductivity 
of salt vapours. 627 
Schmidt. H.. pyrometry, 1840 
Schmitz. W., action of a triodc, 1654 
Schneider, O., visual fatigue, 2477 
4G 
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Schonborn, H., conductivity of glasses. 
1908 

Schofield. I'. H.. calorimeter. 1213 
Schofield. F. H., & D. C. Gall, pyrometer. 
2123 

Schonland. B. F. J.. kathode rays. 131 
Schott. G. A., scattering of X- and 
y-rays. 103 ; X-rays, 1822 
Schottky, W.. photoelectric currents, 
134 ; wall-currents, 3037 
Schottky, W„ & J. v. Issendorff. 

mercury-vapour discharge. 2831 
Schottliinder. E.. thermometer calibra¬ 
tion, 888 

Schouten. J. A., affine field. 1090 
Schrader. E.. electron tubes, 3059 . 
Schrcbcr. K., temperature of vapour. 
901 

Schreiber, P.. uses of logarithmic paper. 1 
Schreiner, E., acids in alcohols. 2873 ; 
diatomic gases at low temperatures. 

.. 2992 

Schreiner, E., J. Holtsmark A B. 

Trumpy. thermostat regulator, 2408 
Schrievcr, W.. pyrometer. 288 ; tungsten 
wire. 1005 

SchrOdcr. E.. A G. Tammann. acoustic 
figures of rolled plates after recrystal¬ 
lisation, 2303 

SchrOdinger. E., gas dissociation. 1227 : 
light waves and sound waves, 2009 ; 
specific heats, 2544 

Schubnikow. I... A I. Obreimow. single- 
metal crystals. 2019 
Schiitz, W., absorption lines, 844 
Schuler, M., pendular systems. 3 
Schulz. H.. glitter, 1772 
Schulz. H., A H. Hancmann. optics of 
metal surfaces. 1400 
Schulze, A., electrical conductivity. 023 
Schulze, GOnthcr-, A., electrons. 2313: 
glow discharge. 004. 1890. 2137. 2318. 
2804 ; ionisation potential. 603; 
kathode-falls, 1271 ; normal gradient 
in gases, 1547: normal kathode-falls. 
010 : protective coating on alumin¬ 
ium. 2048 ; rectifier. 1546 
Schumacher. E. E.. & J. E. Hams. 

gases evolved from glasses. 1305 
Schumacher. H.. A A. Hagenbach. 

iron-spectrum. 92 . 

Schumann. R . arsenious trioxide. 2370 
Schumann, W. O.. breakdown field, 
1553 : electric strength of air. 1551 ; 
electric tenacity of air. 951 
Schunck. H.. alternating flux in an 
. iron core. 606b - 

Schuster. A., transparent pUtes. 2949 
Schuster, E. H. J., kata-thermometer. 

565 ' - . 1 -- 

Schwarez. E.. simple lens. '0 
Schwartz, K. W.. chromium-plating of 
i steel. 2380 , A , . 

Schwarz. R.. & M. Klingenfuss. catalysis. 

1007 

Schweydar. W.. Eotvds balance. 739 
Scott. D.H.r-v^pour pressures. 902 


Scott. M:. mercury arc, 617 
Scares. F. H.. luminosity and density 
functions. 1734 ; luminosity function, 
2702 ; stellar velocity. 2701 ; sun’s 
motion. 2941 : systematic error, 390 
Scarle, G. F. C„ elastic constants of 
glass. 469 

Sears, J. E.. Jr., length measurements, 
366 

Sedstrom. E., A S. Holgcrsson, lattice 
structure of alloys, 2905 
Sccliger, R.. luminous impact. 1445 
Sceliger, R., & G. Mierdel. multiple glow. 
945 

Seeliger. R.. A J. Okubo, striated dis¬ 
charge. 2827 

Seeliger, R.. A J. Schmekel, kathodic 
stream-density, 1270 
Seeliger. R.. A M. Wendt, hydrogen 
spectra. 2079 

Seitz. W., electron emission. 1188 
Sciyama, K.. Braun tube diagrams, 1023 
Sekiguchi. R.. sun’s reversing layer, 1723 
Selety, E., infinite potential, 34 
Selcty. F., cosmologic problem. 26; 
relativity. 1698 

Sellman. A. H.. plotting instrument, 1981 
Sellman. A. H.. W. H. Wadlcigh & H. L. 

Curtis, high-speed camera, 2406 
Semenofl, N.. ionisation tensions, 600 
Semcnoff. N.. A J. Chariton, condensa¬ 
tion of metal-vapours, 2550 
Semcnoff. N.. A V. Kondratjeff. ionisa¬ 
tion. 1541 

Semcnoff. N.. A A. Walthcr, electrical 
alternating fields, 587 ; electrostatic 
fields, 124 

Sementsehenko, W., binary electrolytes, 
3099 

Sen. K. C.. S. Ghosh & N. R. Dhar. 
adsorption, 1940 

Sen. N., gravitational field, 1405; 
long waves, 2900 

Sen. N.. A M. v. Laue, ionic stream from 
glowing metals, 3035; de Sitter 
world. 2011 

Sen. S. N.. air density. 1096 
Scnde. M.. A G. Wiarda. polarisation of 
light. 2479 

Senftleben. H. A., quantum theory, 
1688. 2909 

Sesini, O.. bent prisms, 403 
Sethi. N. K.. interferometer fringes, 1430 
Sewell. R. B. S.. specific gravity of the 
Indian Ocean, 780 

Sexl, T.. sub-microscopic particles, 2819 
Seyewetz, A., & A. & L. Lumi^re, 

latent image, 2061 

Shaplcy, H.. distribution of stars, 2231 ; 
Nova Aquike, 232 ; origin of stars. 
2464 : selected areas, 2698; small 
cloud stars, 2465; spectral class. 
814 ; velocity of light, 479 
Shapley, H., & L. Campbell, variables. 
808 

Shapley, H.. A Annie J. Cannon, stellar 
distribution. 1728 
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Shave, L. S.. J. P. Andrews & C. H. 

Lees, Young's modulus. 2895 
Shaver. W. W.. carbon spectrum, 1797 
Shaw, A. N.. thermoelectric effects. 1508 
Shaw. N.. meteorology. 1094 ; organic 
bodies in the air. 2451 
Shaw. P. E.. & N. Davy, gravitative 
attraction. 218 

Shaxby. J. H.. magnetometer. 1939 
Shaxby, J. H.. & J. C. Evans. ” Osglim ” 
neon-filled lamp. 2567 ; powders. 192 
Shearer. G.. X-ray investigation of chain 
compounds. 755 

Shearer. G.. & A. MQIIer, X-ray measure¬ 
ments of chain compounds. 756 
Shelton. G. R.. E. W. Washburn A 
E. E. Libman, glass, 2893 
Sheppard. S. E., chromium-plating of 
steel. 2380* 

Sheppard. S. E.. F. A. Elliott A S. S. 
Sweet, gelatin, 682 

Sheppard. S. E.. A. P. H. Trivelli & 
E. P. Wightman, exposure theories. 
495; photographic emulsions. 74. 
1012, 2492 : sensitising nuclei. 834 
Sheppard. S. E., A E. P. Wightman. 

E hotographic sensitivity. 238 
ata. M., sodium ethoxidc solutions, 
2865 

Shook, G. A., illuminomctcr and rcllcc- 
tometer, 2731 

Shoulejkin, W.. colloidal particles. 2714 ; 

colour of the sea, 242, 2241 
Shrum. G. M., Balmer lines, 1460 
Shrum. G. M., A I. C. McLennan, 
liquefaction of hydrogen and helium, 
1842 ; luminescence. 2771 
Shuck. G. R.. A C. E. Williams, resis¬ 
tivities of carbons. 1501 
Shuttleworth. N., theory of a.c. by 
triodcs, 665 

Sidgwick, N. V.. non polar link. 1018 
Siebcl. E., crystalline bodies, 681 
Siedentopf, If., microscope. 1135 
Sieg. L. P., structure of tungsten. 357 
Sieg, L. P.. & K. F. Miller, selenium, 203 
Sfcgbahn, M.. micro-photometer. 2404 ; 
" ROntgenographic-chemical investi¬ 
gations.” 2103 

Siemens, G.. Coulomb's law, 3022 
Sihvoncn, V. J.. ultra-red oscillations. 487 
Silberstcin, L.. globular clusters. 1112; 
Einstein's and Newton’s equations 
of motion. 1079; light rays, 2672; 
optical eollineation. 2037 ; de Sitter's 
space-time, 2203; space-time. 1693, 
1094, 2924 

Simeon. F.. arc in vacuum. 306 ; carbofi 
spectrum, 619 ; interferometer. 2732 
Simms, H. S.. hydrogen electrode. 602 
Simon. A. W„ electrostatic generator. 
2821 

Simon. I'., chemical constants, 8092; 
conductivity of metals, 2144; electric 
conductivity. 2834 

Simon. F., fie C. v. Simson. argon. 2442; 
hydrogen chloride. 1064 


Simon. H.. ionisation manometer. 2409 
Simon. L. J.. viscosities. 1655 
Simons. L.. fi- and d rays. 2983 ; X-ray 
electrons. 101 
v. Simson. C.. X-rays, 2111 
v. Simson. C.. A F. Simon, argon, 2442 ; 

hydrogen chloride. 1064 
Sinden. R. H.. spectral compJcmentaries. 
1417 

Sinkinson. E.. A Elvcden. electrolytic 
generator. 1042 

Skan. Sylvia W.. & R. V. Southwell. 

stability of a flat elastic strip. 2000 
Skinker, M. F., A J. V. White, electrons. 
136 

Skinner. C. A., polarimetcr. 825 
Skinner. H. W. B.. & C. D. Ellis. /9-ray 
spectra. 1204. 1207; B- ray spec¬ 
trum. 1206 

Skinner, H. W. B.. A P. Kapit/a. 

Zeeman effect. 2967 
Skobelzyn, D.. y-rays, 2282 
Skrabal. A.. Landolt reaction, 1612 
Slater, j. C.. compressibility, 1609 
Slater. J. C.. N. Bohr & H. A. Kramers, 
radiation, 2063 

Slocum F.. stellar parallax. 1735 
Smart. W. M., long-period variable 
stars. 2943; spiral nebula*. 1732 
Smekal, A., quantum theory. 2793 
Smereker, Fonovits-. H.. radium C. 886 
Smith. Alva, A F. Wcnner. measurement 
of low resistance. 1918 
Smith, A. W\. resistance and thermo- 
electromotive force, 321 
Smith. A. W.. E. D. Campbell A W. L. 
Fink, magnetic properties of steel. 
1932 

Smith. Barclay-, E. A., wave power 
transmission, 2901 
Smith. C. G.. glow discharge. 2319* 
Smith. C. J.. water-va|H»ur. 2890 
Smith. C. R., effect of deep slits on light 
transmitted, 1437 

Smith. D. F. A H. K. Woods, lead 
monoxide. 691 

Smith, E. R.. A 1). A. Machines, trans¬ 
ference numbers. 698 
Smith. H. <L. metallic vapours. 56; 
refractivity. 1768 

Smith. L. B.. A R. S. Taylor, equation 
of state. 117; melting-point of ice. 
118 

Smith. I*. K., A J. E. Mills, vaporisation, 

115 

Smith. S.. diffraction. 1779 ; exploded 
wires. 1695 

Smith. T.. axial single lenses. 2483 ; 
double lens. 1131 ; nodal slide. 1774; 
primary aberrations, 2246; thin 
lenses, 1138; wave surface after 
refraction. 464* 

Smith-Rose, R. L.. amplification, 1678 
Smits. A., electromotive behaviour of 
magnesium, 696 ; electromotive 
equilibrium. 2635 ; magneeium. 2191; 
supcrtciision. 2165 • •• 
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Smits, E.. W. E. Ringer & H. Zwaarde- 
maker. Is c*sium radio-active ?. 

883 

Smolczyk. E.. & F. Auerbach, electro¬ 
metric acid titration, 2637 
Smyth. C. P.. electrical structure. 1070 
Smyth. H. D.. ionisation, 1263 
Socolow, A. P., thermal state of the 
earth. 2693 

Soddy, F., & A. F. R. Hitchins. uranium 
and radium, 2116 

Sommer, L. A., spark spectrum of 
exsium, 2969 

Sommcrfeld, A., magneton. 995 : magne¬ 
ton numbers. 213 ; multiplets. 1180 
Sontag. YV.. electrolysis of iron oxalate. 
2378 

Sorrel, V., polarisation capacities. 697 
Southwell. R. V.. viscous incompressible 
fluid. 2662 

Southwell, R. V.. & Sylvia W. Skan. 

stability of a flat elastic strip. 2000 
Southworth, G. C., dielectric properties 
of water, 2141 

Spampinato, N.. relativity. 2010 
Spence, B. I., spectrometer table. 501 
Speycrer, H.. viscosity of steam. 733 

n ers, C. L.. E. K. Carver & T. W. 

ichards. surface tension. 1978 
Spiclrcin, J., slide-rule. 2402 
Spijkcrbocr, J. t dispersion. 1759 
Sponcr, H., slow electrons. 943 
St&blcin, F., resistance of iron. 970 
Stannard, W. H.. & P. E. Klopstcg. 
viscosity. 181 

Staring, A. J.. & A. Perrier, iron mole¬ 
cules. 662 

Starling. S. G., level bubbles. 386 
States. M. N., viscosity of helium. 191 
Stearns, C. L., £ Urs* Majoris. 2234 
Stcfanini, A., measurement of sound, 
1242 

v. Steiger. A. L.. hydrogen ion concen¬ 
trations. 2638 

Stcinhcrz. R.. passive tin. 2355 . 

Steinlc. J. V.. & L. Kahlenberg. single 
potential of arsenic. 2373 
Steinmetz. C. P.. condenser oscillations. 
2138 

Stcpanow. D., & N. Isgarischew. over¬ 
voltage. 1634 

Stern. O., & W. Gerlach, quantum 
theory, 2662 
Sterneck. R.. Tides. 1715 
Stcrzcl. K. A.. X-rays. 1813 
Stetson. H. T.. & E. F Carpenter, 
thermoelectric photometer. 26 * 
Steuart. A., electric clock. 293 b 

iteubinf; W^M^Toussamt. nitrogen 

StewS'T'w 1 .’). K. Marsh * W. 
McVicker, emission spectrum oi 
organic compounds. 2276; tesla 
spectra, 278 

Stewart, C. J., air-speed in aeroplanes. 
386 


Stewart. G. W., acoustic filter, 922; 

acoustic wave-filters, 1525 
Stewart, J. Q.. absorption lines, 1464; 
ionised gas, 452 

Stewart. J. Q., & H. N. Russell, pres¬ 
sures at the sun’s surface. 2226 
Stieglitz. J., colour. 677 
Stifler. W. W.. W. Duane & G. L. 
Clark. X-rays. 1820 

Stintzing. H., high vacua. 1653 ; X-rays 
in chemical investigations, 2529 
Stolt. H.. light arc with non-incan- 
descent kathode. 2829 ; rotation of 
the electric arc, 1896 
Stoneley. R.. earth shrinkage. 2026 
Stoner. E. C.. & N.Ahmad, y-rays. 2532 
Straneo. P.. relativity. 32 
St rebel, E., & F. Politzer, saturation- 
vapour concentration of liquids, 
2545 

Strobl. G. M.. & F. Hausser." atomised 
liquid. 1988 

Strbmberg. G.. & P. W. Merrill, variable 
stars. 1740. 1741 

Strohhacker. I.. discharge tension in 
water-vapour. 2824 . , 

Strother. D. H.. & A. H. Mcars. optical 
rate-of-climb recorders. 2730 
Strum. L.. Michclson-Morley. experi¬ 
ment. 2206 ; relativity. 767 ; spectral 
lines. 504 . . 

Stuart. J. M.. & G. I). Bcngough. 
corrosion. 1024 

Stumper. R.. corrosion of nickel chrome, 
160 

Sucksmith. W.. & L. F. Bates, gyro- 
magnetic ratio. 333 
Suda. K„ earthquakes. 60 
Sugden. S.. surface molecules, 2390, 
surface tension. 1339 ; surface ten¬ 
sion and chemical constitution. 2391 
Sugiura. Y.. & H. Nagaoka. iron spec¬ 
trum. 93 ; spectra of isotopes. 179u 
Sugiura, Y., T. Mishima & H. Nagaoka, 
isotopes of mercury and bismuth, 
1807 

Suhrmann. R., electron emission, 941 ; 
occluded hydrogen and resistance of 
platinum. 634 

. Sun. K. F.. electrolytic capacity, 2147 
Sundquist, M., image by a thin pencil, 
2035 

Sur, N. K.. reflection. 238 ; scattering of 
light by smoky quartz. 2243 
Sur. N. K.. & M. N. Saha, active 
modification of nitrogen. 3043 
Sutherland. G. A., loud-speakers, 1621 
Svedberg, T., & E. O. Kracmer. colloid 
solutions, 3078 

Swann. W. F. G.. atomic structure. 1680; 

ionisation by electrons, 1251 
Sweet. S. S.. F. A. Elliott & S. E. 

Sheppard, gelatin, 682 
Synge, J. L., spinning top. 1062 
Syrkin, J. K., polyatomic gases. 2554 
Szegvari, A., colloidal soliitions. 2174; 
ultramicroscopy, 1433 
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Szlkely. Angelika, loose contacts, 1665 ; 
measurement of weak alternating 
currents, 330 

Szilard. B.. actinomcter, 1425 ; electro¬ 
meter. 2335 

Szivessy, G., double refraction. 483 ; 
Kerr electro-optic effect in gases. 
2710 

Szyszkowski, B.. dilution law. 1953 

Taflel, A., density of solutions, 178 
Tainton, U. C., hydrogen overvoltage in 
the electro-deposition of zinc. 703 
Takahashi, Y., helium nucleus, 2439 
Tamele, M., potential of calcium. 2186 
Tammann, G., atoms in mixed crystals. 
2914 

Tammann G., & E. Schroder, acoustic 
figures of rolled plates after recrystal¬ 
lisation. 2363 

Tampier. L.. C. Dufraissc, F. Gailliot & 
C. Moureu. gels. 3077 
Tanaka, T.. fluorspars. 1889 ; lumines¬ 
cence, 1548 ; luminescent calcites. 
1887 ; luminescent zinc sulphides, 
2132 

Tnndbcrg, J. G., X-ray spectrum of 
iodine, 2108 

Tapley, M. W., A H. I. Schlesinger. 
spectra, 1179 

Tarassoff, W\, adsorption forces. 3069 
Tarrant. A. G., & U. A. OschwaUl, 
discharge in a neon lamp. 2566 ; 
neon lamp. 2508 

Tartakowsky. P„ band-spectra. 2078 
Tauber. A., potential theory. 1002 
Taylor. A. H.. L. L. Holladay A M. 

Luckiesh, short-wave radiation. 264 
Taylor. A. K., daylight factor. 1773 
Taylor, C. S., A J. D. Edwards, density. 
2880 

Taylor, E. W., image curves with an 
achromatic object glass. 400 
Taylor, G. !•*., metallic filaments. 1989 
Taylor, G. I., bodies in fluids. 12 
Taylor. H. A., hydrogen iodide. 3088 
Taylor, H. S., ionisation. 1318 
Taylor. J., & W. Clarkson, comparison 
of capacities and high resistances. 
1570; low-voltage neon discharge 
tube. 2509 

Taylor. F. B . A G. W. Moffitt. trans¬ 
mission of light in instruments. 2061 
Taylor, K. S., A I.. B. Smith, equation 
of state. 117; inciting-point of ice. 
118 

Taylor. W., liquid films, 1604 
Tear. J. I)., optical constants for short 
electric waves. 318 ; radiometer. 2031 
Temple. G., relativistic dynamics. 2670 ; 
relativity, 1090 

Terenin, A., photographic method in the 
ultra red, 2084 

Terni, I.. elastic distortions. 1369 
Terrill, H. M.. kathode rays. 607 
v. Teraaghi. K.. clastirity. 1049; perme¬ 
ability of clay, 2422 


Tesche. O.. heat conductivity of technical 
materials. 2286 

Teucke. K.. kathode rays. 1543, 

Thayer. H. S.. fastness to light, 1753 
Thibaud. J.. y-rays. 2122. 2987 
Thiele. J.. thermoelectric force of iron, 
etc., 664 

Thomas. H. A., relay. 644 
Thomas. J. ?>.. A A. G. Ramsay, partial 
pressures of sulphuric acid. 898 
Thomas. J. S. G.. entrainment of air by 

a jet. 1993 

Thomas. J. S. G.. & 1C. V. Evans, 
entrainment of air by a jet. 405 
Thomas. \\\, series electrons, 2431 
Thomas. \Y. X.. A C. F. Jenkin, vibra¬ 
tions. 1053 

Thomassen, I... structure of metals. 751 
Thompson. F. C.. copper-aluminium 
alloys. 2790* 

Thompson. F. C.. A: W. IC. \V. Millington, 
brass tube fatigue, 1278i» 

Thompson. J. C.. atomic numbers of 
allied elements. 2921 
Thompson. L., chronograph projectile, 
399 

Thompson. M. dc K., F. K. Frdlich A 
J. I.. Gillson. diamonds, 1309 
Thomson, G. !\. radiation, 835 
Thomson, J. J.. discharge in gases. 3031 ; 
electron theory. 155; gaseous ions. 
1312; non-polar link. 1018* 
Thoraeus. R.. tungsten .M-series. 2779 
Thorln. F\. deposition'of nickel, 1640 
Thorne-Baker, T., silver bromide, 831 
Thornton. W. M„ periodic law. 164 
Thovert, J.. objective. 1770 
Tian, A., micro-calorimeter. 1607 
Tichanovsky. J. J.. atmospheric polarisa¬ 
tion. 2212 

Tichanowsky. I. I., capillary constant, 

2412 

Tidmus. J. S.. A J. N. Friend, corrosion 
of zinc and lead. 2616 
Tieri, I,., colloidal iron, 689 ; nickel at 
the Curie point. 146 

Tilley, G. S.. A O. C. Ralston, hydrolytic- 
reactions, 1963 

Timoschcnko. S.. two-dimensional elastic 
problems, 2416 

Timoshenko, S., stresses in a plate, 1668 
Timpanaro, S., measurements with 
tuning-fork, 082; photoelectricity, 

141 

Tolman. R. C.. life of molecules, 1677 ; 
specific heat. 758 

Tolman. R. C.. A R. M. Badger, entropy, 
910 

Tomaschck, K., aberration and absolute 
motion. 2207 ; light from extra¬ 
terrestrial sources, 769 ; phosphor¬ 
escence. 2900 

Tonini. Lucia. A A. Mazzucchell i, 
electrolytic manganese, 1046 
Tonks. L.. iron in h.f. fields, 1933 
Tool. A. y.. A C. G. Eichlin, effects by 
chilling glass, 1659 
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Toulon, P., & L. Dunoyer, arc relay, 
3055; arc relays with exterior 
sheath, 3054 ; mercury arc. 2837 
Toussaint. M., band spectra. 506 
Toussaint, M., & \V. Steubing. nitrogen 
spectrum, 1177 

Townend. D. T. A.. D. M. Newitt & 
W. A. Bone, gas explosions, 1961 
Townsend. J. S., & T. L. R. Ayres, 
helium. 1539 

Townsend, J. S.. & V. A. Bailey, elec¬ 
trons, 135 

Townsend, J. S., & S. P. McCallum, 
helium, 1886 

Toy, F. C., latent image, 494 ; photo¬ 
meter. 2952 

Toy, F. C., & S. O. Rawling, density 
meter, 1408 

Traub, W. G., electroplated zinc, 1046 
Trautz, M., & K. Hebbcl. specific heat, 
2290 

Trendelenburg. F.. condenser micro¬ 
phone, 2559 

Triandafil. S.. polarisation of nickel. 2647 
TrivtlU, A. P. H.. S. E. Sheppard & 
E. P. VVightman. exposure theories, 
495; photographic emulsions, 74, 
1012, 2492 ; sensitising nuclei, 834 
Troland, L. T., optics of the nervous 
system, 1761 ; physics and psy¬ 
chology. 1647 

Troop, R. S., & Winifred L. Rolton, 
surface tension. 1652 
Trotter. A. P.. graphs of observation, 389 
Troussct. J., Jupiter's 8th satellite. 1738 
TrUmpler, G.. potential of the alkali 
metals. 1619 

Trumpy, B.. E. Schreiner & J. Holts- 
inark, thermostat regulator. 2408 
Tryhorn, F. G., & S. C. Blacktin, 
Licsegang bands. 683 
Tschappat. W. H., instruments. 714 
Tschudi, E. W„ impact, 2417 
Tubandt. C.. & H. Reinhold, conduc¬ 
tivity of solid salts. 170 
Tucker. F. G., emission from platinum, 
1642 

do Tunzelman, G. W., physical science. 

. 1080 

Turner, H. H., earthquakes, 2027 
Turner, L. A., alkali metal atoms. 417 ; 

mercury atoms, 1449 
Turner, L. A., & K. T. Compton, 
mercury band-spectrum. 2766 
Turner, T.,- volume of metals during 
solidification, 1363* 

Tutton, A. E. H.. interferometer. 476 
Tuyn, W.. & H. K. Onnes. electric 
resistance of indium, 626 
Twyraan, F., aberrations. 250 •• 
Tykocinski-Tykocyner, J.. & J. Kunz. 

photoelectric cell. 1917 
Tyndall. A. M.. & G. C. Grindley, 
emission from an incandescent wire, 
1880 

Tyndall. E. P. T., & K. S. Gibson, 
radiant energy. 824 


Udden, A., & J. C. Jacobson, helium 
spectrum, 1789 

Uebersax, F.. & V. Kohlschfltter, 
electrolytic lead. 1973 
Uhler. H. S., method of least squares, 392 
Ulich. H., & P. Walden, dielectric 
constants of electrolytic solutions, 
2584 

Ulrich, C., & S. Meyer, pitchblende from 
St. Joachimsthal, 1830 
Umansky, L. A., root mean square 
values. 145 

Underwood. J. E., radio-activity, 1497 
Unnewchr, E. C., K-radiation, 1192 
Uno. D., cementing of small pieces of 
iron. 2816 

Ure, W„ & E. H. Archibald, acetone, 
1648 • 

Vahle. W.. K. W. Meissner & C. Dorno. 

solar radiation. 2961 
Vaillant, P.. conductance of solid salts, 
3051 ; conductivity of solid salts, 
631 ; electrical conductivity of solid 
salts. 2581 

du Val, P., dc Sitter space-time, 2204 
Valentincr, S.. & M. ROssigcr, fluores¬ 
cence. 2494 

Vallancc, R. H.. & J. N. Friend, thermal 
coefficients of expansion, 2534 . 
Valle. G., electric discharge with positive 
column in motion. 2572 
Vandcperre, G. F., atmospheric dis¬ 
charge. 1864 

Vanoni. Pugno-, E.. electrostatic oscillo¬ 
graph, 2337 

Vautier, T., explosive waves in air, 2421 
Vcgard. L.. luminescence of solidified 
gases. 2776 ; luminous spectra. 2778 ; 
solid nitrogen bombarded with cath¬ 
ode rays. 2093 ; structure of NaBrO, 
and NaCIO,, 413 ; upper atmosphere. 
40 

Vcibel. S., quinhydrone electrode. 363 
Velisek. J.. & W. P. Jorissen, inflamma¬ 
bility of methane-air mixtures, 3093 
Venkatesachar. B.. & E. P. Metcalfe, 
absorption by mercury-vapour, 2091 
Vernon. W. H. J., atmospheric corrosion, 
2617 

Vcrnotte. P.. J. Villey & H. Lacaze, 
india-rubber as a dielectric, 2329 
V6ronnct. A., gaseous star, 1111 I 
stellar systems, 801 

Verschaflelt. J. E., fluids near the 
critical point. 119 

Vcyret. L.. & A. Michel, remanent 
magnetism, 1293 

Viaut. A., & R. Bureau, atmospherics, 
3030 

Vieweg. R.. contact p.d., 2310 
Villard, P.. clouds, 442 
Villey. J., P. Vemotte & H. Lacazc, 
india-rubber as a dielectric, 2329 
Vincent. J. H. t atomic nuclei, 1834* 
Vincent. J. H., & G. D. Biggs, mercury 

lamp, 1990 .v*. 
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Viola. C., radio-activity of mineral 
springs, 552 

van Vleck. J. H.. absorption. 2849; 

quantum integrals. 1386 
van Vleck, J. H., & E. C. Kemble. 

specific heat of hydrogen, 292 
Vogt, H., stellar mass. 2709 
Volmer, T., soft atomic rays. 2833 
Vosburgh. W. C„ & M. Eppley. Weston 
cells. 647, 1582 

Voss, E., effusion of vapours. 1357 
de Vries, O., viscosity of rubber. 2651 
Vuilleumier, E. A., nickel deposition. 
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Wachd, X., copper spectrum. 85 
Wadleigh, VV. H.. A. H. Sellman & 
H. L. Curtis, high-speed camera. 2406 
Wftldcr. R.. Becqucrel rays. 875 
Wactzmann, E.. & E. Bratke. Jamin 
interference arrangement. 473 
Wagner. K. W.. speech and music. 2557 
Wagstaff, J. E. P.. duration of impacts. 
2001, 2899: electrolytic double 

layer. 2195; measurements. 981; 
velocities of detonation. 1359 
Wahlin, H. B.. electrons in nitrogen. 1868 
Waibel, F., dielectric constants. 142 
Walden. P.. & H. I'lich. dielectric 
constants of electrolytic solutions. 
2584 

Walden. P.. & O. Werner, dielectric 
constants. 3050 

Waldie, A. T., & C. B. Bazzoni. impact 
effects in nitrogen. 1640 
Walker, E. E.. molecular association. 

905, 1237 ; powders. 193. 194. 2654 
Wall. C. N., selection principle. 2923 
Wall. T. F.. magnetic testing. 1299 
Wallcrath, P.. secondary wave-length 
standards. 2957 

Walter. B., diffraction of X-rays. 2979 ; 
ROotgen rays. 638; X-ray diffrac¬ 
tion images of slits. 2787 
Walter. R., & G. C. Schmidt, conduc¬ 
tivity of salt vapours. 627 
Walters. F. M.. Jr., iron spectrum. 91, 
1480 

Walthcr, A., & Lydia Inge, critical 
voltages. 2321 ; electrostatic fields. 
024 

Walthcr, A.. & N. Semenofl, electrical 
alternating fields, 687 ; electrostatic 
fields. 124 

Waran. H. P.. mercury pump. 715; 

mercury-vapour lamp. 398 
Warburg, E.. iodide by silent discharge. 
1641 

Warburton, F. W.. & P. K. Richtmycr. 
X-rays, 1187 

Warner. J . C.. & O. W. Brown, ortho- 
amidophcnol. 364 ; para-amino- 
phcnol, 709 

Warren. A. G.. X-ray examination. 263b 
v. Wartcnbcrg. H.. high temperatures. 
3001 


Washburn. E. \\\, determiniug melting 
and freezing-points. 1843 
Washburn. E. W.. G. R. Shelton & E. E. 

Libman. glass. 2893 
Washington. H. S.. earth density. 1096 
Washington. H. S.. & L. H. Adams. 

iron in meteorites. 2931 
Waszik. J.. Johnscn-Rahbck effect. 1567 
Watanabc. V.. ferro-resonance, 2345 
Waterman. A. T.. electrical conduction, 
622 

Watson. F. R-. acoustics. 3008 
Watson. R. E.. solar radiation. 44 
Watson. R. E.. & C. Chrec. potential 
gradient. Kcw. 1531 
Watters. B. D. H.. radiation from 
quartz mercury arc. 2754 
Wawilow. S. J.. dyestuffs. 1446 
Weaver. E. R.. & P. G. Ledig. absorption 
of gases by liquids. 1592 ; detector 
for water-vapour. 195 
Weaver. W., & M. Mason, settling of 
small particles, 1676 
Webb. H. W.. metastable state in 
mercury-vapour. 2507 
Weber. S.. Knudsen thermal phenomena. 
2547 

Webster. 1). L.. X-rays. 2101 
Weeks. E. J .. overvoltage. 3080 
Weeks. E. J.. A H. J. S. Sand, over¬ 
voltage. 706. 1636 

Weeks. J. R.. Jr.. A C. Davisson, thermal 
emissive power. 2296 
Wegel. R. L.. audition. 1244 
Wcgcl. R. L.. A C. E. Lane, masking of 
pure tones. 1858 

Wegner, v. Dallwitz-. R.. perpetual 
motion. 906 

Wegner, v. Dallwitz-. K., E. Zachmann 
* P. Lenard. surface tension. 2413 
Wchrli. M.. A A. Hagenbach. alternating- 
current measurements. 957 ; electric 
arc. 308; sound measurements in 
arc lights. 2675 
Weigert. F.. dry plate. 491 
Wcigert. F.. A G. KAppIcr, polarised 
fluorescence in colour solutions, 
2735 

Wetland. C. F.. conductivity. 1290 
Wcilcr, Margarcte. optics of turbid 
media. 2244 

Weinberg. B.. magnetic declination. 
3006; terrestrial magnetism. 1686. 
3004 

Weinberg. Mollie. fatiguing the car. 018 
Weinberg. Mollie. A F. Allen, pulsation 
of tones. 916. 917 

Weintraub, boron in cast copper. 2364 
Weisglass. C.. motion of coil carrying 
a.c.. 659 

Weiss, H.. copper-aluminium alloys, 
2790* 

Weiss. P.. atomic moment of oxygen, 
148; magneton. 2430; molecular 
field. 1384 

Weiss. P.. A 1'aule Collet, paramagnet¬ 
ism. 2600 
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Weiss, P.. & R. Forrer. magnetic iso- 
thermals of nickel, 1931 ; sponta¬ 
neous magnetisation of nickel. 2602 ; 
thermomagnetic phenomenon. 1934, 
1935 

Weissenberg, K.. X-ray goniometer. 1810 
Weissenberg. K.. H. W. Gonell Sc H. 

Mark, lattice determinations. 211 
Weissenberg. K.. & H. Mark, structure 
of metal foil, 18 

Weissenberg. K., H. Mark Sc K. Becker. 

triphenylmethanc. 2007 
Weissenberg. K., M. Poldnyi Sc E. 

Schiebold. X-ray analysis. 2110 
Weitzenbdck, R.. Weyl's physics. 21 
Wells. E. H., & F. Adcock, temperature 
measurement. 564 

Wells. P. V.. intrinsic potential. 1862 
Wclo, L. A., vacuum sealing. 1658 
v. Wclsbach, C. A., spectra. 83 
Wendt, M., & R. Seeliger. hydrogen 
spectra. 2079 

Wcnigcr, W.. infra-red spectrum. 843 
Wcnner. F.. Sc Alva Smith, measurement 
of low resistance. 1918 
Wentzcl. G., continuous X-ray spectrum. 
2978 ; quantum optics, 1435 ; Ryd¬ 
berg’s formula. 512; series-spectra. 
275, 2269 ; X-ray spectrum. 1816 
Werner, A.. Sc H. Geiger, a-particlcs. 1203 
Werner, O., Sc P. Walden, dielectric 
constants. 3050 

Werner, S., & H. M. Hansen, spectrum 
of hafnium, 268 

Werner, S.. Y. Nishina Sc D. Coster. 

absorption spectra, 648 
Wertcnstein Sc Jedrzcjcwski. evaporation 
of carbon* 1 12 

Wertcnstein, L., condensation of rarefied 
vapours. 1073 

Wertcnstein. L. Sc (Miss) H. Dobrowolska. 

radio-active elements in metals. 665 
Wessel. W., mass-action law in ionised 
systems. 2872 ; radiation field. 1081 
Wcstgrcn, A., Sc G. Phragm^n. solid 
solutions. 1604 

Westgrcn. A. F.. G. Phragm^n Sc E. R. 

Jcttc, copper-aluminium alloys, 2790 
Wcstman, A. E. R.. carbon arcs. 1894 
Westman. A. E. R.. & W. J. Clapson, 
carbon arcs, 1895 
Westrip, G. M., overvoltage, 2192 
Wetthauer, A., telescope field. 2048 
Wever, F., constitution of iron. 3084 
Weyl, H.. curvature invariant of space- 
time, 2676 

Wheeler, E. B.. humidity recorders. 2410 
Whiddington, R.. Balmer senes of 
hydrogen. 90 ; glow discharge. 304 
Whiddington. R.. & A. Hare, micro- 
manometer, 368 

Whipple. F. J. W.. pressure ratios. 2019 ; 
rainfall gauge, 1088; upper-air obser¬ 
vations, 2680 

White, J. V.. Sc M. F. Skinker. electrons, 
136 

White. W. P., pendulum, 2401 


Whitehead. J. B., insulation resistance, 
651 

Whitehead, T. T., & S.. Chapman, 
potential gradients at Ebro. 1532 
Whitman. W. G.. & R. P. Russell, corro¬ 
sion. 1952 ; corrosion of iron, 2616 
Whitman. W. G.. R. P. Russell Sc V. J. 
Altieri. submerged corrosion of steel, 
2855 

Whitney. W. R.. high vacua. 2396 
Whitwell. A., wave surface after re¬ 
fraction. 464 

Wiarda, G.. & M. Sende. polarisation of 
light. 2479 

Wichcrs. E.. & L. Jordan, platinum 
metals, 1308 

Wick. F. G.. optical absorption. 72 
Widdowson. W. P., St A. S. Russell, 
radio-active disintegration scries. 
2982 ; radio-active substances, 663 
Wiedemann, E., the compass, 2361 
Wiedenhoff, S.. atmospherics of ions, 2311 
Wicderholt, W., Sc E. Liebreich, passivity 
and overvoltage, 2642 
Wien. M., Ohm's law for an electrolyte, 
1280 ; skin effect, 1928 
Wien, W., canal rays. 606 ; light emis¬ 
sion, 1784 

Wigand. A.. & K. Gcnthc. vertical 
vision, 2213; visibility, 2043 
Wightman. E. P.. Sc S. E. Sheppard. 

photographic sensitivity, 268 
Wightman. E. P.. A. P. H. Trivelli & 
S. E. Sheppard, exposure theories, 
495 ; photographic emulsion, 74. 
1012. 2492; sensitising nuclei. 834 « 
Wigncr. E.. Sc H. Mark, lattice structure 
of rhombic sulphur, 2906 
Wilcken, J. A., wave penetration, 2606 
Wilkinson. G.. theory of hearing, 2303 
Williams, A. M„ T. F. Young & E. D. 
Eastman, electrons, 2128; specific 

heats, 2126 

Williams. C. E.. Sc G. R. Schuck, resis¬ 
tivities of carbons, 1661 
Williams, E. H., & J. Kunz, photoelectric 
effect. 596 

Williams, G. A.. & J. B. Ferguson, 
helium and hydrogen in silica glass, 
1589 

Williams, H. M.. & V. W. Bihlman, 
thermal conductivity of alloys, 2636 
Williams. J. W., & F. Daniels, specific 
heats of organic liquids. 2801 
Williams. S. R., extensometer. 377 
Williamson, E. D.. & L. H. Adams, 
earth density, 1097 

Williamson, R. C., resonance curves 
observed in potassium vapour, 2671 
Wills. A. P„ & L. G. Hector, magnetic 
susceptibility of oxygen, etc., 1936 
Wilmscn, K., Sc C. Schaefer, oscillation 
of dielectric and conducting spheres, 
2576 

Wilsey, R. B., silver iodide, 17 
Wilson. E., & E. F. Henoun, magnetite, 
1562 
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Wilson, E. B., frequency function. 1370 
Wilson, E. B.. & W. J. Luyten. paral¬ 
laxes, 1716 

Wilson, H. A., earth's magnetic field, 
670; electricity in flames. 1865; 
thermionics. 2315 

Wilson, H. A., & A. B. Bryan, conduc¬ 
tivity of flames. 1866 
SVilson, R. E., variable stars. 805 
Wilson. R. E., & W. H. Bahlke. paraffins, 
1508 

Wilson. R. E., & A. R. Eortsch. oils. 2891 
Wilson, S. H. J., electro-chemical 
properties of a low tin-bronze. 2604 
Wiltshire. W. J.. X-rav examination of 
metals. 547 

Wingardh. K. A., X-rays. 541 
Winlock, J.. F. B. Foley & W. M. 

Howe, carbon-steel, 2622 
Winter-GUnther. H.. & J. Zcnncck. 

variable inductance. 2150 
Wintgcn, K., Sc H. Lbwenthal. colloids. 
2172 

de Wisniewski, F. J., electromagnetic 
field of moving electron. 2562; 
electron in movement. 584 ; helium. 
1381; K-cxcitation limit. 2526; 
lithium p and d terms, 2438 ; Max¬ 
well equations. 3015 
Witiner. L. E.. thermo dynamics. 909 
Wohl. K., chemical constants. 3091 ; 
dissociation of chlorine and of 
hydrogen. 1509 

Wohlfarth. J., manometer. 2884 
Wolfcrs, F\, diffusion, 2736 ; interfer- 
* cncc, 2053 ; X-rays. 545 
Wolfcrs. F., Sc E. Friedel. X-rays. 1184 
Wolff. H. T., primary/f rays, 2083 
Wolfkc, M.. potential measurements, 317 
Woltjcr, H. R., magnetisation at very 
low temperatures, 997 
Woltjcr, H. R., Sc H. K. Onncs. magneti¬ 
sation at low tempeiaturcs. 998 
Woo. Y. H., absorption of X-rays. 1817 
Wood. A. B.. tuning-forks. 3010 
Wood, A. B., Sc J. M. Ford, phonic 
chronometer, 1661 

Wood, II. O., Sc J. A. Anderson, seis¬ 
mometer, 2880 

Wood, R. W., grating errors and 
" ghosts.” 2726 ; spectrograph and 
the zinc spectrum. 627 
Woods. H. K., Sc D. F. Smith, lead 
monoxide, 691 

Woodward. Ida. atomic models, 1670 
Woodworth. C. W., calculation of ravs, 
248 

Woog, P., films on water. 740 
Wooiard, E. W., fitting frequency 
curves, 1702 ; meteorology, 1087 
Woronkoff, G. P.. dyed threads, 1414 
Woronkofl. G. P., Sc G. J. Pokrowski, 
selective reflection, 1117 
Worthing, A. G., tungsten, 1600 
Wotschkc, J., electrical diagrams. 2155 
Wrewsky, M., Sc A. Kaigorodofl. heat 
capacity, 2909 


Wrewsky.M.. & X. Sawaritzky. heat.3080 
Wrewsky. M.. N. Sawaritzky Sc I.. 

Scharloff, vapour pressures. 3003 
Wright. F. E.. interference figures, 472 
Wrinch. D. M.. electrostatics, 3021 
Wrinch. H. E. H.. & Dorothy Wrinch. 

Bessel functions. 743 
Wuckel. G.. resistances to a.c., 1285 
WQrschmidt. J.. demagnetising factors, 
666 ; thermoelectric junctions, 2800 
Wulf. T.. electrometer. 1573 
Wyckoff. R. W. G.. X-rays. 544 
Wyckoff. R. W. G.. Sc E. W. Posnjak, 
structures of lithium iodide and 
rubidium fluoride. 753 

Yajnik, X. A.. Sc T. C. Rana, adsorption. 

1947 

Yamada. M.. crystal lattices, 2443 ; 
crystals, 336 ; reflection of X-rays, 
100 ; surface energy of crystals. 1600 
Yamamoto. I., Ton* basin. 228 
Yamamoto. K.. seismophysics. 2453 
Yardley. Kathleen, crystalline struc¬ 
ture. 1685 

Ycnscn, T. 1).. magnetic properties of 
the ternary alloys. Fe-Si-C. 2596 
Ylfistalo. V.. high-frequency measure¬ 
ments. 975 

Young, A. F. A., thermionic properties, 
927 

Young. J. F. T., spectroscope, 65 
Young, R. K.. & W. E. Harper, stars, 

1116 

Young, T. F\, A. M. Williams A- E. I>. 
Eastman, electrons. 2128; specific 

heats, 2126 

Youtz. M. A., chlorine electrode. 1029 
Yovanovitch. D„ heat produced by 
radio-active substances. 2799 

Zachmann. E.. electrical conductivity. 
2836 

Zachmann. E., R. v. Daliwitz-Wegner 
& P. Lenard. surface tension. 2413 
Zahm, A. F., manometer. 2883 ; pro¬ 
tractor. 1354 

Zanstra, H.. relative motion. 1695 
Zeeman. I\, optical effects of motion. 

2236 

Zeeman. P., & H. W. J. I)ik, spectra. 
852 ; spectra of potassium and of 
argon, 96 

Zcnncck. J., K. Hubmann Sc I.. Casper, 
oscillating circuits. 2578; wave¬ 
form. 1926 

Zcnncck. J.. & K. KrDgcr, twilight 
sight. 819 

Zcnncck. J.. Sc H. Winter-GUnther. 

variable inductance. 2150 
Zicklcr. K.. alternating currents in iron, 

2341 

, H.. electrical strength of air. 
29. 1550 

Zwaardcmakcr. H.. W. E. Ringer A E. 

Smits, Is caesium radio-active ? 883 
Zwetsch. A., refractive index of air. 461 
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SECTION A.—PHYSICS. 


To facilitate reference to any desired subject the Index is divided into the following 
sections arranged alphabetically. If any of these are absent this may be taken as an 
indication that no Abstracts dealing with these particular subjects have been included 

The numbers refer to Abstracts; if the letter B follows a number the Abstract will be 
found in Section B of '* Science Abstracts" under that number. 

In General Physic*:— Apparatus and Instruments; Astronomy; Crystals and Cryital 
Structure; Density; Diffusion; Dynamics and General Mechanics; h astiat>, 
Gravitation; Measurements and Use of Instruments ; Metcorol^y.Ac M.scel 
laneous; Molecular Physics, Matter and Ether; Pressures < h «gh »“ d low), 
Relativity; Surface Tension; Terrestrial Physics; Theories; viscosity. 

In Light: —Absorption (light and heat); Dispersion; Interference; I-enscs aind Optica 
Systems; Measurements and Use of Instruments; 

escence and Fluorescence; Photography -Photometry Polarsation One hid 
ing Magnetic Rotation); Radioactivity; Rays and Radiation (U«ht), ^W 
tion of Light; Refraction of Light; Spectra ; Vision ; X-Rays, Zeeman Effect 
and Radiation in an Electric or Magnetic Field. mutation- 

In Heat Al>sorption ; Conductivity ; Critical Points and Constants . JDUaUUon, 
Frrr/ini/- Molline- and Boiling-Points; Gases and Vapours; Measurements 

and UsV of Instruments; Miscellaneous; Radiatmn (Hut), . C ° Temperatures 
Emissivity; Specific Heat and Latent Heat; Temperature, Twnperatures 
(high and low); Thermodynamics; Thermometry, Pyroraetry, and Calorimetry,^ 

hi fi/i!rfMCrty^an<^Wfli^tWisw f .’--AUetna1e-Curwi^RwMrtch*; en A^^wa^s U a^d H^nirncnU 

Measurements and Use of Instruments ; M i 11 an c il la tio n s an cl Wave., 

Phrttrt.FUrtriritv- Polarisation (electric waves); Polarisation (electroiyticj; 

gSSJEieSta SSSSe ProcSS; Electrolysis; Electrolytic Analysis ; Met.ll«J 
«aphy and Properties of Metals; Miscellaneous; Osmosis; Solution and 
Solubility. 


Abstract No*. 

Absorption (Chemical Physics). 2844 

Adsorption .J. ; ’ k.‘ V. d /Grio« e „ -::: :::: : ::::::::: **« 

and the Schulze-Hardy Law. N. R. Dhar. K. C. Sen and S. Ghosh 1940 

Forces and their Electrical Nature. B. Iliin.. • • 

. Electrical Nature of. \V. Tarassoff. 3069 

from the Gas-phase at a Liquid Gas Interface. T. Iredale. 2847 

of Binary Mixtures by Animal Charcoal and Comparative Study of 
the Adsorptive Power of Different Varieties of Charcoal. N. A. Yajnik 

and T. C. Rana .... JJJ* 

of Hydrogen by Nickel. A. W. Gauger.*. I62 J) 

of Polonium by Colloids. J. H. Brennen . 2843 

/■ t j of Vapours by Charcoal. A. S. Coolidge.•... 

Adsorptive Capacity of Wood Charcoal. J. C. Philip and J. Jarman .. I®* 3 
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. Abstract Nos. 

Absorption (Chemical Physics), continued. 

Bounding Surfaces. Gas-Liquid. A. Frumkin. 3068 

Carbon, Finely Divided. Nature of Adsorptive Power of. J. R. Katz. 1008 

Charcoal. Adsorption of Air by. J. Sameshima and K. Hayashi . 2382 

Charcoals and other Properties. Hydrogen Content of. H. H. Lowry. 1941 

Coherer to investigate Adsorption Films. Use of. W. G. Palmer . 2850 

Colloidal Sols, Protecting and Sensitising. E. K. Kidcal . 2612 

Copper Sulphate Solutions. Applicability of Beer’s Law to. K. Meckc and 

H. Ley. 3072 

Gases, Studying Rapid Absorption of. by liquids. P. G. Ledig and E. R. 

Weaver . 1592 

Gels and Theory of Adsorption. N. E. Gordon . 1593 

Glass Surfaces. Behaviour of Gases in Contact with. D. H. Bangham and 

F. P. Burt. 1590 

Hydration Process. Discontinuity of. W. A. Davis and J. V. Eyre. 078 

Rubber, Rate of Absorption of Water by. D. H. Andrews and J. Johnston .. 1591 
Surface Activity of Solutions, Influence of Temperature and Concentration on. 

P. Rchbindcr . 3071 

,, Energy Data, Interpretation of. G. M. Bennett . 1998 


Absorption (Light and Heat). 

Absorption Coefficients. Determination of. and Statistical Equilibrium in 

Relation to the Photoelectric Effect. E. A. Milne . 833 

.. of Lithium Vapour. A. L. Narayan and D. Gunnayya . 2845 

,. of Radiation within a Star. S. Rosseland. 2402 

,. Scries from Phosphores. F. Schmidt. 2490 

.. Spectra of Vanadium, Titanium, and Scandium. 11. Giesclcr and 

W. Grotrian . 2840 

, Correspondence Principle for. J. H. van Vlcck . 2849 

Acids and their Saits. Absorption of. J. C. Ghosh and S. C. Bisvas. 1752 

Atmospheric Absorption and Diffusion on Signal Lights and Projectors. Effect 

of. E. Karrcr. 1409 

Blackened Surfaces, Absorption Capacity of. (i. Michel and A. Kussinann .... 571 

Bohr’s Quantum Theory, Absorption and Dispersion in. K. Becker. 2925 

Colour in Rock-Salt due to X-rays, Change of. P. Ludcwig and F. Rcuther . 2519 

.. Match and Spectral Distribution. W. E. Forsythe. 1415 

.. Mixture. M. Luckiesh . 243 

„ „ Transformation Diagrams. Calculation of. Clara L. Froclich.. 2711 

„ of the Sea. K. R. Kamanathan . 456 

.. . W. Shoulcjkin . 242.2241 

,. Production, Theory of. J. Stieglitz. 677 

,. , Determination of, in Terms of Dominant Wave-length. Purity, and 

Brightness. 1. G. Priest . 1418 

Coloured Flames, Automatic Feeder for. J. J. Manley. 2047 

Colours of Colloids. B. Ray. 2242 

,, of Crystals of Chlorate of Potash. L. A. Raiudas . 2240 

,, produced by Rotation of the Plane of Polarisation C. Pulfrich. 2256 

Copper Sulphate Solutions. Applicability of Beer’s Law to. R. Meckc and II. 

Ley. 3072 

Dyed Threads. Spectra-Photometric Examination of. G. P. Woronkoff. 1414 


Fluorescence. Spectrophotomctric Definition of Colours of. H. George and 

E. Bayle ... 2268 

Fluorescent Rhodainin B. Optical Properties of. A. Poritsky. 2204 

y-Rays, Absorption and Scattering of. N. Ahmad and E. C. Stoner . 2532 

„ , Hard. Absorption of. N. Ahmad. 2533 

Homogeneous X-rays between Wave-lengths O.l A. and 0.71 A. S. J. M. 

Allen .*. 2278 

Infra-red Absorption Measurements. Quantitative, and Molecular Structure. 

J. I.ccomtc . 2756 

„ Radiations, Permeability of Synthetic Resin to. G. Kimpflin. 2036 

Ionised Gas, Opacity of. J. Q. Stewart... 452 

Metal Films, Opaque. Optical Constants of. K. Lauch. 1755 

Night Sky. Light of. (Lord) Rayleigh. 2947 

Opalescence. Critical. A. Andant . 2472 

For the Explanation of this Index see p. 1154. 
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Absorption (Light and Heat), continued. 

Opalescence, Critical, of Carbon Dioxide. D. K. Bhattacharyya . 2473 

Ostwald Double-Colour Cone. O. Meissner. 822 

Parallel Plates, Reflection and Transmission by. F. Benford . 1148 

Photochemistry. First Law of. Muriel C. C. Chapman. 2741 

Photoelectric Transmissometry, Direct Reading. K. S. Gibson . 480 

Plates. Mixed, Colours of. K. S. Rao. 2261 

Pressure. Effect of. upon Optical Absorption. F. G. Wick.;. 72 

Radiation from Combustible Gases. A. Schack . 2267 

Rontgen Rays, Absorption of. see section Rays. 

Sea, Colour of. R. Gans. 2710 

Smoke, Opacity of. O. F. T. Roberts . 736 

Sodium Vapour, Absorption of Light by. F. H. Newman .f. 63 

Space, Light Absorption in. A. Kopft . 2029 

Spectra. Absorption, see separate section. 

,, , Celestial, Absorption Bands in. F. E. Baxandall. 2467 

Transparent Plates. Passage of Light through. A. Schuster . 2949 

Turbid Media, Optical Properties of. Margaretc Weiler. 2244 

Tyndall Blue in Solids. W. D. Bancroft.. 1411 

Ultra-violet Rays. Absorption of. by CS,. G. Bruhat and M. Pauthenicr .2713 

Alloys, see also section Metallography. 

Alloys. Certain, Lattice Structure of. S. Holgersson and E. Sedstrfim. 2906 

„ . Copper-Zinc, which Expand on Solidification. K. Iokibc. 1277 b 

,, , Thermal Conductivity of. H. M. Williams and V. W. Bihlman. 2536 

Binary Metallic Alloys, Electric Conductivity in. M. Pcrani and J. Runge .. 2331 
Bismuth Alloys, Thermoelectric Properties of. C. R. Darling and R. H. 

Rinaldi . 2591 

Coefficients of Expansion of Metals and Alloys. J. N. Friend and R. H. 

Vallancc . 2634 

Copper-Aluminium Alloys, X-ray Studies of. E. R. Jctte, G. Phragmtfn and 

A. F. Wcstgren . 2790 

Density, Rate of Cooling, and Composition of Metals and Alloys. R. C. Reader 1610 
Electrical Properties of Alloys at High Temperatures. M. A. Hunter and A. 

Jones..... 1° 28 

Electrolytic Alloys, see section Electrolysis. 

Hardness of Copper Alloys, Effect of Temperature on. L. Guillct .2181 

Heat and Acid Resisting Alloys (Ni-Cr-Fc). J. F. Kayser. 350 

Invar and related Nickel Steels . 354 

Iron and Steel, see section Metallography. 

,, -Carbon Alloys. Pure, Critical Ranges of. J. F. T. Berliner.. 2621 

,, „ Silicon Alloys, Constitution of. K. Honda and T. Murakami .... 362 

,, , Electrolytic, with Carbon and Manganese, Vacuum-fused Alloys of. 

R. P. Neville and J. R. Cain . 1027 

Kathodic Behaviour of Alloys. S. Glasstonc .. 3082 

Magnetic Properties of Alloys, see section Magnetism. 

Metallography see separate section. 

Metals and Alloys on Bohr's Theory. Electrical Conductivity of. K. Hejcndahl 2836 

Nickel Alloys, Thermoelectric Investigation of. W. Kohn. 2838 

Platinum Alloys. F. E. Carter . 1307. 

„ „ . E. Wichers and L. Jordan . 1308 

Structure of Alloys. Inner. W. Rosenhain . 2180 

X-ray Analysis of Solid Solutions. E. A. Owen and G. D. Preston . 1031 

M ,, of Zinc-Copper Alloys. E. A. Owen and G. D. Preston. 1032 

Alternate-Current Research. 

Alternating-Current Circuit. New Theory of. S. Fryze. 2340 

„ „ in Massive Iron Conductors. K. Zickler. 2841 

Tensions, very Weak, in Grid Circuits, Use of Audion for Absolute 

Measurement of. Angelika Sz6kely.'* 330 

Arc, Electric, see also section Discharge. * 

Auto-Transformer and Impedance as a Tensor. W. H. Ingram . 2J44 

Braun Tube Diagrams. Determining Sense of Rotation of. K. Seiyama. 1023 

Circular Cubics. Singular Points of. H. Pflieger-Haertcl . 

Eddy-Current Losses in Massive Iron. A. Lang. 

Electrical Diagrams in Three Dimensions. J. Wotschke .2166 

For the Explanation of this Index see p. 1164. 
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.. _ Abstract Nos. 

Alternate-Current Research, continued. 

Electrodynamic and Electromagnetic Induction in Moving Continuous Media. 

L Roy. 3019 

Ferromagnetic Constants for Weak Alternating Fields. H. Jordan. 2840 

Field at Great Distance produced by High-Frequency Current in a Straight 

Conductor. J. Bethenod. 3060 

Forces between Coils with Radio Frequency. W. A. Parlin. 657 

Impedance Theorem. Campbell's Driving-point. R. M. Foster. 2343 

Impedances. Mutual, of Earthed Circuits. G. A. Campbell. 1291 

Inductance Coils of Polygonal Form. Formula; for. F. W. Grover. 639 

Kennelly's Theorem of Constant Ratio of Mean to Mid-Potential or Current. 

A. E. Kennedy. 658 

" Leader Cable.” S. Butter worth. 2154 

.. .. . C. V. Drysdalc . 2153 

Measurements, see separate section. 

Mechanical Computation of Root Mean Square Values. L. A. Umansky. 145 

Networks carrying Alternating Currents under Steady Conditions. C. Ravut. 468n 
Steady Alternating Currents. Properties of. C. Ravut.... 790u 
Oscillations, Undamped Electric, of Small Frequencies. Production of. R. 

Pohl. 1555 

Polar Oscillograms. A. G. Bcliavsky. 985 

Power. Apparent, and Power Factor in Polyphase Circuits. H. Schering. 2339 

Proximity Effect in Wires and Thin Tubes. H. B. Dwight . 28 b 

Reactances and Capacity Problems. Treatment of. L. Flcischmann. 788u 

Rotating Currents. E. Persico. 983 

Skin Effect in Tubes. K. Forsterling . 1927 

.. .. . M. Wien. 1928 

Speed of Propagation of Electricity. C. Gutton. 3020 

Transmission Line Transients. V. Bush . 201 n 

Triode Oscillator. Stability of Periodic States of. W. M. H. Greaves. 1557 

Triodes, Theory of, as A. C. Commutators. N. Shuttlcworth. 655 

Vector Diagrams and Algebraic Signs. H. Kafka . 2152 

Wave-Form by Means of the Braun Tube. L. Casper. K. Hubmann and J. 

Xenncck. 1926 

., -Forms with the Cathode-Ray Oscillograph. 2151 

Apparatus and Instruments. 

Acoustic Probes. Z. Carriirc. 1346 

Actinograph, Improved. A. W. Claydcn. 393 

Actinomctcr. Henry. 779 

to measure Ultra-Violet Radiation. B. Szilard. 1425 

Aeronautic Instruments. F. L. Hunt. 196 

Arc Lamp. Sodium Potassium Vapour. Potential Gradient in. F. II. Newman 1278 

Astrolabe, Moving-Wire. V. Michkovitch and E. Mallcin. 2403 

,. , Prismatic. Design of. T. Y. Baker . 1140 

Automatic Feeder for Coloured Flames. J. J. Manley . 2047 

Balance. Chain. F. Petrie . .373 

, Direct-Reading. R. Fortrat. 374 

, Registering Form of. W. Braunbek. 177 

Barometer. Standard, of New Design. T. H. Laby. 2881 

Braun Tube todemonstrate the Detector Action of a Triode. W. Schmitz- 1554 

Calorimeter for Heats of Mixing at Elevated Temperatures. B. H. Carrol 

and J. H. Mathews. 1214 

.. . Iron-Mercury. F. H. Schofield. 1213 

Camera, High-Speed, for Study of Projectiles. H. L. Curtis. W. H. Wadlcigh 

and A. H. Scllman. 2406 

Candle Power, Spherical, Apparatus for determining. J. Sahulka . 62 

Capacity, particularly for Radio-frequency Currents. Standards of. J. B. 

Dempster and E. O. Hulburt . 640 

Chronometer. Phonic. A. B. Wood and J. M. Ford . 1661 

Clock, Electric, with Continuous Motion. A. Steuart. 293n 

Clocks and Time-Keeping. Studies in. Part III. R. A. Sampson. 1984 

Coefficients of Expansion of Metals and Alloys. J. N. Friend and R. 11. 

Vallancc . 2534 

Coll, giving Intense Magnetic Fields. Magnetic Saturation of Iron. R. 

Fortrat and P. Dejcan . 668 

For the Expaoation of this Index see p. 1154. 
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'' . _ . Abstract Nos. 

Apparatus and Instruments, continued. 

Coil, Rotatable. Carrying Alternating Current in Radial Homogeneous Magnetic 

Field. Motion of. C. Wcisglass . C59 

Condenser Apparatus for Rontgen Requirements. Theory of. M. Jona. 3023 

Constant-frequency Oscillator. R. Gunn.2140 

Densimeter. Selenium Optical. E. V. Hjort. A. Lowy and O. Blackwood ... 2722 
Densities. Photographic. Photoelectric Microphotometer for. J. O. Perrinc .. 1426 

Densitometer. Simple, for Accurate Work. G. R. Harrison. 372 

Density Meter. Ferguson Photographic. W. B. Ferguson . 1333 

,, .. , Photographic. F. C. Toy and S. O. Rawling. 1408 

Dewar Flasks for Liquid Air, Tests upon. H. Briggs and J. Mallinson. 742 

Dilatometer. Double-Mirror, for Low-Temperature Work. G. Borelius and 

C. H. Johansson. 2707 

Dividing Engine, Circular, of Edward Troughton, 1793. D. Baxandall. 2407 

Dosimeter for Penetrating X-rays. A. Dauvillicr . 862 

Einthovcn Galvanometer. Temperature Measurement with. . F. Adcock and 

E. H. Wells. 564 

Electrodynamometers. Absolute. Theory of. H. Hermann . 978 

Electromagnet, New. H. Boas and T. Pcderzani ... 988 

Electrometer with Triode Valve and Atmospheric Gradient. P. Lcjay. 1921 

.. , New. F. A. Lindcmann. A. F. Lindemann and T. C. Kceley .. 1288 

.. , New Type of. B. Szilard.:. 2336 

Electron Tubes. Capacities of. E. Schrader ...JJJJ 

Electrostatic Relay. Rectification with : Contact Detectors. W. Kramer .... 3026 

Expansion of Glass. Recording Apparatus for. A. Arnulf .. 2798 

Extensomctcr Amplifier. S. R. Williams. 377 

Fluxmetcr. Grassot. G. Darmois and G. Ribaud . 2330 

Focus Finder for Ultr.vViolet Photomicrography. W. T. Bovie and C. E. Barr 1430 

Furnaces, Granular Carbon Resistance. M. M. Austin . 1J27 

Galvanometer. Moving-Coil, of Rapid Indication. W. J. H. Moll. 6JW 

Gas-Meter. Thomas . . . '••••• f40-> 

Gases and Vacua. Apparatus for Experiments with. E. BrQche... loiw 

Heat produced by Radio-active Substances. Apparatus for measuring. D. 

Yovanovitch.. • • • • 

Heating Electrically i»i vacuo to a High Temperature. P. Lebeau and M. 

Picon.. •••••••• •••*, Z3W> 

Heats of Solution. Calorimeter for Adiabatic Determination of. E. Colicn. 

A. L. T. Mocsvcld and W. D. Hcldcrman. 2998 

Hydrometer. Total Immersion Indicating. A. Pollard . IjJ 3 : 

Illuminator and Reflcctomctcr. Combined. G. A. Shook . 

Instruments for Physical Measurements. W. H. Tschappat . * 

Interferometer, Lummcr-Gehrckc Parallel Plate. F. Simeon. 

.Universal. A. E. H. Tutton...•• 47U 

Interrupters. Rotary and the J.L.P. Interrupter J. Levcque-Petit. 

Kata Thermometer. New Recording. E. H. J. Schuster ..... 

Levelling Instruments using Reversible Bubbles. New Types of. T. F. 

Connolly .. • .. infi o 

Limit-Gauge for Rainfall. F. J. W. Whipple ... . W" 

Liquids of High Boiling-Points. Apparatus for Heat of Evaporation of. J. H. 

Awbery and E. Griffiths ....... 

McLeod Gauge, Modified. D. L. Hay .. 

Magnetometer, Portable. J. H. Sbaxby . • 

Manometer of High Sensitivity. L.-Hew . .. 

. Bifilar Quartz Fibre. A. S Cool.dge...1346 

, Constant Precision. A. F. Zahra.. 

Melting-and Freezing-Points Apparatus for determining E.W. Washburn .. 1843 
Mercurv Lamp with Low Voltage and Low Wattage. E. L. Harrington ... l - 320 

^ Capillary. J. H. Vincent and G. D. Biggs .;. . ..0. • ■ • 1®®® 

-Vapour Lamp. Self-exhausting. H. P. Waran ... ... • • *• 

Micrometer, Auto-Registering Optical, for Prism Astrolabe. R, Baillaud .... 2041 

MlfiS . . , New Ocular. H. Kellner.... ,w.• 36‘ 

Micro- Photometer. Registering. M. Siegbahn . 

Aficroscopc, Corneal. E. F. Fmcham..... J.... .... ***• 

Eor the Explanation of this Index see. p. 11641 
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<-* ’ Abstract N05. 

Apparatus and Instruments, continued. 

Microscopes. High-Power, Opaque Illuminators for. C. Beck . 2U49 

. .. . Transparent Illumination for. C. Beck. 2723 

Monochromator for the Ultra-Violet. Visible, and Near Infra-Red. . R. T. 

Beatty. 488 

for 200 nn to 800 fifi. C. Lciss . 1139 

Neon Discharge Tube, Low-Voltage. Critical Resistance for Plashing of. J. 

Taylor and W. Clarkson. 2569 

„ Lamp. Discharge in. U..A. Oschwald and A. C. Tarrant . 2566 

„ , Properties of. U. A. Oschwald and A. G. Tarrant . 2568 

Nitrogen Spectrum. Second Positive. E. Hulthen and G. Johansson. 2972 

Nodal Slide Modification. T. Smith. 1774 

Oscillations. Undamped Electric, of Small Frequencies, Production of. R. 

Pohl. IMS 

Oscillograph based on the Telephone. R. Dubois . 613 

, Electrostatic. J. A. Crowther . 1575 

„ . . . E. Pugno-Vanoni. 2337 

- .. . Kathode-Ray. 2131 

„ ... applied to Explosion Pressures, etc. D. A. Keys 645 

" Osglim M Neon-filled Lamp. Properties of. J. H. Shaxby and J. C. Evans.. 2567 

Pendulum. Electric. W. P. White . 2401 

. Foucault's. F. Harms. 1351 

. Free. F. Hope-Jones. 1983 

Pendulums. Coupled Cord. C. H. l.ces . 2886 

Pcrmcanicter for Small Alternating Magnetic Fields. G. A. Kelsall. 1383 

Photoelectric Cell. New. J. Tykocinski-Tykocyner and J. Kuna . 1917 

„ Photometer. J. O. Perrinc .. 537 

Photometer and Densitometer. Photoelectric. E. A. Baker. .••••. . 'lMi~ 

.. for Surfaces of Low Brightness. G. Gchlholf and II. Schcring ... 1120 

.. , New Flicker, for Hetcrochromatic Photometry. J. Guild. 1775 

, Photoelectric. Flicker Type of. G. M. 14. Dobson. 61 

,. . Selenium. Demonstration «>f. P. C. Toy . 2932 

. Star. New Photoelectric. P. Guthnick . 2951 

.. . Stellar Photoelectric. E. E. Cummings. M2I 

Photometric Disc. New Type of. E. Karrer. 2042 

.. Sectored Disc. E. Karrer.. 450 

Pivotal Movements. Friction of. A. Jaqucrod. L. Defosses and H. Mugeli- 200 

Plan i me ter, Bcncze-VVolf Fibre Polar K. Oltay. 2046 

„ . Constants of. A. Haerpfcr . 2411 

Plotting Instrument. A. H. Sellman .. . .. 1981 

Polarimeter and its Practical Applications. C. A. Skinner. 825 

Polarisation of Light of the Sky. Apparatus for. A. Hofmann. 66 

Potentiometer. A.C.. New Type of. W. Geyger. 1916 

Potentiometers. Multiple Range. L. Be hr. 641 

Pressure Gauge, Piston Motion of. L. Hoi born. 2885 

Meters, Modern. J. Wohifarth . 2884 

.. -Recorders, Trowbridge. Calibration for. C. Z. Rosccrnns. 2399 

Regulator, Automatic. L. E. Dawson. 1362 

Projector. Intermittent, for Movement Detection. F. Goos and P. P. Koch .. 734 

, . Optical, for showing Irregularities of Surface. II. Bedard. 2059 

.Vector-Ruling. A. F. Zahm ... 1364 

Pump. All-Metal High Vacuum. I. Backhand and G. W. C. Kaye . 1991 

., • , Automatic Ttiplcr. F. Porter . 2887 

.. . Diffusion Air. Development of. W. Gaede. 716 

,, , llelicoidal Molecular. Holweck . 9 

.. . Mercury-Vapour. Simplified. H. P. Waran . 716 

.. . Molecular, and Holweck Triodc. P. Reboux . 407n 

.. . Vacuum, Metal Annular-Jet. I. Backhurst and G. W. C. Kaye. 1992 

Pumps. High-Vacuum. H. Ebert. 717 

.. . Mercury-Vapour Jet. Improvements in. H. Loosli and F. Laustcr .. 718 

Pyrheliomctcr, Direct Reading and Recording. L. Gorczynski. 1666 

Pyrometer, laboratory Optical. W. Schricvcr. 288 

■;. " Pyro ” Radiation .... 1839 

Pyrometers. Optical, see also section Thermometry. 

t.Thermoelectric. C. Bacchiui. 1674 

Quadrant Electrometer. S. Jirabo . 328 

For tho Explanation of this Index see p. 1154. 
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Abstract Not. 

Apparatus and Instruments, continued. 

Quartz Fibres, Preparation and Silvering of. T. C. Keeley . 2888 

Radiometer. A. Einstein . 2724 

. G. Hettner. 2725 

Construction. Improved. J. D. Tear. 2031 

. Clinical X-ray Balance. L. H. Clark.. 2841 

" Radium ” Recording Devices. J. H. Powell. 1828 

Reaction Heats at High Temperatures. Calorimeter for Measurement of. J. D. 

Davis. 2997 

Recorder. Vibration. C. G. Beall and C. I. Hall .— 1985 

Recorders, Humidity. E. B. Wheeler . 2410 

.. . Optical Rate of Climb. A. H. Mcars and D. H. Strother. 2730 

Recording Drum. C. V. Boys . 507 

„ Ionisation and other Curves, Automatically, Apparatus for. P. 

Knipping. 198 

Rectifier, Glow Discharge, for Alternating Current. H. Knescr . 609 

Refractomcter, Pulfrich, Improved Temperature Control for. T. M. Lowry 

and R. G. Parker. 478 

Relative Rate of Two Pendulums. Mechanical Determination of. A. Guillct.. 401 

Relay. New. H. A. Thomas. 644 

Sector-Disc, Variable Aperture Rotating. H. E. Ives. 461 

Seismometer, Torsion. J. A. Anderson and H. O. Wood. 2889 

Separation of Metals, Electrolytic. Apparatus for. A. Lassicur. 1047 

Shunt, Compensated, for Use with a Vibration Galvanometer. H. Schcring 

and G. Reichardt. 1286 

Slide-rule for Complex Numbers. J. Spiclrein . 2402 

Solubilities, Apparatus for Accurate Determination of. E. Cohen. W. A. T. 

dc Mecster and A. L. T. Moesveld .3079 

Spark Apparatus. C. Lciss. 2038 

„ -Gap with Air-cooled Electrodes. W. T. Bovie . 620 

Spectrograph. Double, for the Far Ultra-Violet. P. Lambert, G. D6jardin and 

D. Chalongc . 2482 

, Mttllcr X-rav . 860 

, Quartz, for Wave-lengths to 1850 A. E. O. Hulbert . 2050 

, Six-Prism Glass. J. S. Foster. 1429 

, Vacuum Grating, and Zinc Spectrum. R. W. Wood. 627 

„ , Victoria. Optical Parts of. j. S. Plaskett . 1428 

Spectrometer Table. B. J. Spence . *®J 

„ , New Tri-Colour Mixing. F. Allen ... 2045 

String Electrometer, Lutz. New Form of. T. Wulf. 16' 3 

.. Galvanometer, Revolving Mirror for Use with. A. Forbes and D. W. 

Mann . 3058 

Stroboscope, Vibrating Filament. A. Bertrand . 198® 

Surface Tension Balance. R. G. Green ... 18* 

Surveying and Navigational Instruments. L. C. Martin. 467 

Telescopes, Early, in Science Museum. D. Baxandall. 468 

Telescopic Adjustments enabling Variable Magnification. L. Dunoycr. 2727 

Temperature Measurement, Spectral. F. Patzelt. 289 

Thermometers, see also section Thermometry. 

Thermopile for Measuring Radiation. W. J. H. Moll . 327 

Thermostat for Series of Temperatures. H. Cardot. H. Laugier and R. 

Legendre. I™# 

Refrigerator. K. C. D. Hickman. -891 

.. -Regulator. E. Schreiner. J. Holtsmark and B. Trumpy. 240H 

Tide’Predictor, German. H. Rauschelbach. 2936 

Tube Photometer in Spectrophotometry. Application of. K. Schaum and 

W. Henss . 2481 

Tuning-Fork. Clock-controlled, for Constant Frequency. J. G. Ferguson- 135J 

, Electric, as A.C. Generator, Measurements with. S. Timpanaro 982 

Vacuum Tubes. J. J- Manley ... 2392 

Variable Inductance Coils for Audio Frequencies. H. Winter-GOnther and 

J. Zcnneck . 2160 

Viscometer, Reliable Works. M. Marasco. 1343 

, Simple, for Gases. A. O. Rankine.. 134* 

Viscometers, Capillary Tube. G. Barr... 1342 

Voltmeter. Neon Lamp. L. E. Ryall . 1926 

For the Explanation of this Index see p. 1164. 
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Apparatus and Instruments, continued. 

Volumes. Measured Small, of Liquid, Delivery of. E. Muller . 

Water-Vapour in Closed Pipes. Detector for. E. R. Weaver and P. G. Ledig. 195 

Wave-length Reader for Grating Spectra. J. A. Anderson . 1472 

-Motion Models having " Dispersion '* and " Filter " Properties. T. B. 

Brown . 1372 

X-ray Goniometer, New. K. Weissenberg . 1810 

„ Intensimctcr, Direct-Reading. P. Lertes. 533 

Spectrograph. Vacuum. P. A. Ross . 520 


Astronomy. 

Aberration and Absolute Motion. R. Tomaschek . 2207 

Absorption of Radiation within a Star. S. Rosseland. 2402 

Algol System. Spectrographic Study of. D. B. McLaughlin. 21*43 

,. Type Variables. Michcovitch . 1115 

Asteroids. General Orbits of Trojan Group of. E. W. Brown . 55 

Atmospheric-Electric Observations during Total Solar Eclipse. H. F. 

Johnston. I 533 

£ Aurigie, Radial Velocity of. H. Ludcndorff. 1745 

Aurora:, Sunspots, and Magnetic Variations during 1921. W. E. W. Jackson.. 778 

Beta Lyra:. R. A. Rossiter . 2942 

Binaries and Single Stars. Comparison of Average Velocity of. J. H Oort_ 1739 

Calcium Atom. Excited, Astrophysical Determination of Life of. E. A. Milne 1720 

Cancri, X and T. Photometric Variation of. S. Aurino . 1748 

Capella. A. S. Eddington. MOO 

CG Cygni, Light-Curve and Orbit of. Ch'ing-Sung Yd. 231 

Charcoal, Adsorption of Air by. J. Samcshima and K. Hayashi . 2382 

Chromosphere of Resonance Lines, Height in. F. Croze. 1105 

Cloud, Smaller Magellanic, Distance and Dimensions of. H. Shaplcy. 2405 

Comets. Diffusion Theory of. H. Mache . 1733 

Corona, Photometric Intensity of. at Eclipse of 1922, Sept. 21. at Wallal. 

A. D. Ross . 2455 

Cosmical Refraction. L. Courvoisier . 2218 

Declinations of 520 Stars. S. G. Barton . 52 

.. of 330 Stars. S. G. Barton . 233 

Disturbed Kepler Motion. Course of Motion and Quantum States of. W. I.cnz 2430 
Double Stars discovered since 1905 made at the Lille Observatory and at the 

Royal Observatory. Greenwich. Measures of. R. Jonckheere . 2400 

Stars, Interferometer Measurement of. M. Maggini . 797 

, Measurements of. M. Maggini . 1731 

.. .. . Spectral Types and Colour Indices of Components of. li. Abcttl 1743 

Einstein Expedition. American. Results of. J. Hopmann . 803 

Equi-altitudc Measurement by Photography. K. Baillaud . 1709 

Equinox and Equator Point. Corrections to. from Observations of Venus. J. 

Jackson . 2217 

Flocculi, Solar Calcium. Distribution of. C. P. Butler . 1103 

Giant Stars. Behaviour of Hydrogen Lines in. K. T. Compton and 11. N. 

Russell. 2707 

,, Stars, Magnitudes of. and Errors in Parallaxes. W. J. Luyten. 800 

Gravitation. Influence of. on Light Rays, see also section Gravity. 

Henry Draper Catalogue. 21 A. 22 h. and 23A A. J. Cannon and E. C. 

Pickenng. 2940 

Images, taint. Development of. in Fogging. S. R. Pike . 793 

Ionisation Potential of Elements. Cecilia H. Payne . 2707 

Ionised < las. Opacity of. J. Q. Stewart. 452 

.. Stream in Earth's Magnetic Field. S. Chapman . 1101 

Jupiter's 8 th Satellite and Delaunay's Lunar Theory. J. Troussct . 1738 

.. Satellites. Elliptical Disks of. W. H. Pickering. 2705 

Kepler Ellipse, Adiabatic Transformation of. into the Harmonic Ellipse. H. 

Genpcrt. 2429 

Length of Day. Length of Year, Density and Mean Orbital Radius of Objects 

in the Solar System. Two Relations between. C. della Saida . 1100 

R Leonis, RX Virginia and R Virginia. Photometric Variations of. S. Aurino 1751 
,, . TCephei. R Serpentisand MiraCcti. Spectrographic Oliservations of. 

E. B. Frost and (Miss) F. I-owater. 1740 

Light Absorption in Space. A. Kopfi. 53 

For the Explanation of this Index sec p. 1154. 
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Abstract Noe. 

Astronomy, continued. 

Eight, Velocity of: Is it to be compounded with that of its Source ? M. la Rosa 64 

Luminosity and Density Functions. F. H. Seares. 1734 

,, Function, Form of. F. H. Seares. 2702 

Lunar Eclipses. Brightness of. W. J. Fisher. 1724 

Magnitude. Mean Absolute, of a Group of Stars. G. Prasad. 2461 

Magnitudes, Absolute, and Parallaxes of 1080 Stars. R. K. Young and W. E, 

Harper. 1110 

. Photo-visual, of One Hundred Stars. E. S. King . 792 

Meteors, sec Meteorology. 

Mira Ceti Variables. Constitution of. la Rosa. 1750 

. 1024. W. J. S. Lockyer . 2466 

, R. Leonis, T Ccphei. and R Serpentis. Spectrographic Observations 

of. E. B. Frost and (Miss) F. Lowatcr. 1749 

Moon. Mars and Mercury. Polarisation of Light from. B. Lyot . 2220 

,, . Temperature of Surface of. R. Dietzius . 2221 

Moving Light-Source, Effect of. see section Rays and Radiation. 

Nebulae. J. II. Jeans. “J* 

.. , Planetary. Mechanism and Structure of. J. H. Jeans . 798 

, Spiral. Internal Motions of. J. H. Jeans . 8(J4 

.Motions of. W. M. Smart. 1732 

, „ . 302. Distribution of Poles of. C. C. L. Gregory. 2233 

Night Sky. Light of. (Lord) Rayleigh .... 

Nova Aquilac, Colour Index and Light Curve of. H. Shapley. JJJ 

Observatory Work. 1922. Status of .•• •.. 

Orrery in the Deutsches Museum, Munich. W. Baucrsfcld. 

O-Type Stars. H and K Lines of Calcium in. J. S. Plaskctt. JJ" 

Parallax and Orbital Motion of £ Ursa: Majoris. C. L. Stearns .. 

, Stellar. Atmospheric Dispersion and Determinations of. t. blocum 
Parallaxes and Absolute Magnitudes of 1080 Stars. R. K. Young and W. E. 

.. .^Errors in. and Magnitudes of Giant Stars. W. j. Luytcn . 

. Hypothetical, and Spectral Classes. W. J. Luytcn.•• •••• • 1161 

., ; Precise Astronomical Measurements. E. B. Wilson and W. J. 

,. y . Spectroscopic, of A-Typc Stars. B. Lindbiad ...... 2232 

. .. . of 100 B-Type SUrs. D. L. Edwards . 736 

Perseus. Double Cluster in. C. Parvulcsco . 11 

Perturbations. Extrapolation of. B. V. Nouracrov... • • • • 

Photographic Measures. Comparison of. by Different Observers, fc. ^ 

King . — • y ^tions.’ influence of Comparison Stars on. j. jackson. 2224 

Photometric Observations of Some Variable Stars. S. Aunno . 

Variation of X and T Cancri. S. Aunno. ••••••.- J4rt 

Variations of R Leonis. RX Virginis and R Virginis. S. Aunno.. 

Photosphcric Layers. Radiation and Temperature of. R. Lundblad . 

Physics, Modern, applied to Astronomy. H N. Russell .. 

Planetary and Stellar Systems. Formation of. A. Wronnet. 

Surfaces. Study of. by Polarisation. B. Lyot .. 

Temperature and Water-Cell Transmissions D. H. Menzel -• • 44U 

Plaricts. Minor. Photographic Observations of. in 1922 obtained with the 

Franklin-Adams Star Camera. 

, Momentum of. C. Belha ... 

Revised Magnitudes and Colour Indices of. E. S. King .• • • • 

Propagation of Light and Several New Investigations of Rudolph Tomaschek. 

Ballistic Principle in. M. la Rosa. 29 

Proper Motions of Stars in Zone. - 9° 60' to - 14° 10'. W. J. Luyten.. 89® 

Radial Velocities of Globular Clusters and de Sitter’s Cosmology. L. Silberstcin »* ** 

of Long-Period Variable Stars. P. W. Merrill. 802 

Radiation Equilibrium. R. Emden ... -••••• . 7, 

Inside a Star. Absorption of. A. S. Eddington. 

" -Pressure, see also section Rays. 

Real and Apparent Velocities. A. V. Douglas .- • 

Refraction. Cosraicai. H. Kienle ... 110 lino 

., . Courvoisier and Einstein Effects. A. Kopff. 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Astronomy, continued. 

Rotation Period of the Sun as derived from Magnetic Storms. E. W. 

Maunder and A. S. D. Maunder . 2454 

Solar Activity and Atmospheric Electricity. L. A. Bauer. 1534 

Atmosphcre> Variable Absorption in. A. Amerio. 1722 

Constant. F. I.inkc. 2223 

„ and Sunspot Activity. A. Amerio. 171 

„ . sec also section Meteorology. 

Disc. Distribution of Energy on. A. Amerio . 790 

Facuhc in Latitude. Distribution of. 7»7 

Protuberances. Cause of Great Velocities ol. W. Anderson. 1721 

Radiation and Sun's Visible Features. C. G. Abbot. 7SS 

,, Corrections. R. E. Watson. 44 

. Ultra-Violet Intensity of. G. M. B. Dobson. 45 

.. . Variability of. R. Lundblad . I H»4 

System. Origin of. J. H. Jeans. 1102 

South Declinations. 15'. 3(P, and from 45 to 90 . Durchmusterung of Selected 

Areas for. H. Shaplcv. 

Spectra and Temperatures of /{-Stars. Cecilia II. Payne . 2229 

„ , Celestial. Absorption Bands in. F. E. Baxandall. 2407 

. Stellar. Distribution of Energy in. J. Baillaud. 2227 

Spectral Class and Absolute Magnitude of Double Star> K. l.undmark and 

W. J.Luyten. Ml2 

.. Class. Apparent Magnitude and Galactic Positions of Stars of Henry 

Draper Catalogue. H. Shaplcy- ...... . s 1 ‘ 

Classes and Visual Star Colours. W. S. Franks . Kin 

.. Typo and Absolute Magnitude. B. I.indblad . Mil 

,, Types and Colour Indices of the Coni|>oncnts of Double Stars. <». 

Abctti . 1743 

Spcctrographic Observations of Mira Ccti. R Looms. I Ccpltei. and 

R Scrpcntis, E. B. Frost and (Miss) F. Loxvatcr . I “49 

Spectrum of y Cassio|>cix. H fi to B . 2408 

Star Clusters. Constitution of. C. Parvulcsco. Ill* 

.. .. , Vestiges of Spiral Structure in. P. Ofruggencate. 2230 

„ , Gaseous, Adiabatic Equilibrium of. A. Vcronnct. INI 

, Interior of. and Transfer of Radiation. E. A. Milne. "99 

Stars of Spectral Class R. Radial Velocities of. R. F. Sanford. 2409 

„ . Bright Hydrogen Line. W. J. S. Lockyer. 2225 

„ , Distribution of. H. Shaplcy. 2231 

. Faint, Spectral Classification of. C. R. Davidson ami E. Martin. 222ft 

„ . Jean’s Theory of Origin of. H. Shaplcy . 2494 

. Near-by, Study of. W. J. Luyten..... I No 

.. , Relation between Mosses and Luminosities of. A. S. Eddington. 1730 

Stellar Atmospheres. Absorbing Power of. Salet. I “29 

.. . Cumulative Ionisation in. M. C. Johnson . 2493 

.. , Ionisation in. Cecilia H. Payne. 2501 

„ Distribution. Summary of. II. Shaplcy and Annie J. Cannon . I72H 

.. Energy Spectra. Radiometer Measurements of. C. G. Abbot . 2944 

.. Mass through Radiation. Shrinkage of. H. Vogt. 2709 

.. Physics. Recent Work in. E. A. Milne. 1"27 

Reversing Layer. Pressure in. and Origin of Solar Continuous Radiation. 

M. N. Saha.T. 2708 

.. Spectra. Breadth of the Hydrogen Lines in. E. O. Hulburt.. 1725 

•• >• . Maxima of Absorption Lines in. R. H. Fowler and E. A. Milne 2700 

.. Statistics. V. Michkovitcb. 2704 

.. System. Absorption of Light and Limits of. H. Kienle. 1113 

.. I emperaturcs and the Absorption Lines of Silicon. C. H. Payne - 1H09 

.. Velocity. Distribution Function for. F. H. Scares . 2701 

Stockholm Catalogue of 1210 Stars . 2709 

Sun and the Nova Stage. E. Bclot . 791 

.. . Diameter of. G. Armeliini . 2450 

. Rotation Period of. 2222 

Sun’s Atmosphere. Pressure and Circulation in Reversing Layer of. C. E. 

St. John and H. D. Babcock . 2940 

„ Disc and Temperature Gradient in Sun's Atmosphere. Distribution of 

Brightness on. R. Dietzius . 230 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Astronomy, continued. 

Sun's Motion and the Mean Parallaxes of Stars of Different Apparent Magni¬ 
tudes. F. H. Seares. 2941 

.. Photosphere. Dielectric Constant of. W. Anderson .•.. 789 

Reversing Layer. Meridional Component of General Current in. R. 

Sekiguchi. 1723 

Sunspot Activity and the Solar Constant. A. Amcrio... 1719 

.. Epochs. Fitting Straight Lines to Data. C. F. Marvin . 1717 

Polarity. Law of. G. E. Hale. 1720 

Sunspots as Magnets and Periodic Reversal. G. E. Hale. 1105 

.. ; Cosmical Physics. J. Levine . 1718 

Sun's Surface, Pressures at. H. N. Russell and J. O. Stewart. 2226 

Telescope. New 60-in., for Perkins Observatory. 1100 

Time, Determination of. G. Bigourdan . 2216 

6 Trianguli, Spectroscopic Binary. Orbit of. J. A. Pearce . 1746 

Variable Star SX Herculis. Study of. W. J, Luyten. 1744 

.. Stars and Velocity of Light. M. la Rosa. 807 

,. ,. for 1923, Maxima and Minima of. L. Campbell. 2703 

,. , Long-Period. W. M. Smart . 2945 

.. ... „ , Magnitudes of. P. W. Merrill and G. Stromberg 1740 

.Radial Velocities of. P. W. Merrill. 802 

.. ,, . Photometric Observations of Some. S. Aurino. 1742 

.. . Space-Velocities of. G. Strbmberg and P. W. Merrill . 1741 

Variables T and R Corona? Borealis. Light Curves of. L. Campbell and H. 

Shapley. ••••••• 808 

.. . Long-Period, and other Stars of Late Spectral Types. Motions. 

Parallaxes, and Luminosities of. R. E. Wilson . •••••••••:*" Jr 3 

RX Virginis, R Virginis and R Leonis. Photometric Variations of. S. Aurino. 1761 

Batteries, Primary. 

Ammonium Chloride. Action of. on Zinc. C. Druckcr. J84 

Antimony-Lead Alloys. Electric Potential of. S. D. Muzaflar. 

Atmospheric Oxygen as Dcpolariscr. A. Nasarischwily . Jr, 

Carbon Cells at High Tcmperatu^s. L. v. Rohrcr ... , JJ 3 

Concentration Cells in Methyl Alcohol. J Grant and J. R. Partington. 1320 

Contact Electricity. A. Cochn and E. Duhmc. •••••••• 

Potentials. Metal, and Peltier Effect. Relation between. J. A. V. 

Butler.J®;; 

Cuprous-Oxide Photo-Voltaic Cells. A. D. Garrison . 

Electrode-Potential. Significance of. J. A. V. Butler ..• • • • • • .. 1 n 

E.M.F. of Cells, Chemical Affinity, and Molecular Attraction. N. V. Karpcn . 3W 
of Hydrogen Calomel Cell. Effect of Hydrogen Pressure on. W. R. 

Hainsworth. H. J. Rowley and D. A. Mclnnes ... * 3 Jr 

Hydrogen Electrode in Alkaline Solutions. A. H. W. Aten. 13 

. Water-Jacketed. H. S. Simms.. . W* 

.. Iodide in Aqueous Solution. Free Energy of Dilution and Activity of 

Ions of. J. N. Pearce and A. R. Fortsch ........ . • 

Lead Monoxide. Free Energy and Heat of Formation of. D. F. Smith and 

H. K. Woods .• •. .*••• .. 0 

Light on Metals in Solutions of their Salts. Electromotive Force produced by. 

G. Athanasiu . V ■; • ■ ■ ■•. ^q n 

.. . Action of. on Metal Electrodes. R. Audubcrt ... 

Magnesium. Electromotive Behaviour of A Smits . .. .......... • • • • 

Metal Plate and a Solution on being suddenly Brought into Contact. Change 

in E.M.F. between. R. D. Kleeman and R. H. Bennett.. W* 

Oxidation Potentials at Mercury Electrodes (Titanium). G. S. Forbes and 

I P Hall..."•. 

Photoelectric and Calorific Action of Radiation on Metals Plunged into Solu- 

tions of their Salts. G. Athanasiu .. 131 ‘ 

Photoelectric-Cells, see section Photoelectricity. 

Poisoned H-O Electrodes. Potentials of. N. Isgarischew and E. Koldaewa .. • io* 0 
Polarisation, see also section Polarisation (Electrolytic). 

Potential of Alkali Metals. Determination of. G. Trumpler.. 

of Hydrogen Occluded in Iron. Effect of Magnetic Field on. T. V* • 

Richards and W. T. Richards. 18ZU 

Ouinhydrone Electrode as Comparison Electrode. S. Veibel. 363 

For the Explanation of this Index see p. 1154. 
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Abstract No*. 


Batteries, Primary, continued. 

Quinhydrone Electrode. Use of. for Estimation of Amino-Acids, and of Acids 

and Bases. L. J. Harris. ) 03r » 

Selenium Cells. Sensitiveness of. to X-rays of Different Wave-lengths. H. 

KQstner. 3094 

Sign of Electric Charge of a Metal in a Liquid. R. I). Kleeman and W. Fred¬ 
rickson . 

.. of Electric Potential. Standardisation of. A. W. Porter . 2369 

Superficial Tension and Voltaic Properties of Mercury. E. Pcrucca. IOC. 

Volta Effect. E. Perucca. 902 

Weston Standard Cells. Effect of Mercurous Sulphate on Electromotive Force 

and Hysteresis of. W. C. Vosburgh and M. Eppley . I5S2 

Batteries, Secondary. 

Accumulators. Industrial Electrical, see section B. 

Lead Storage Battery. Reactions of. M. Knobel. 

Capacity (Electrostatic). 

Air Condensers. Small. Capacities of. L. Hartshorn . 3024 

Capacities. Small. Method of Measuring. L. Hartshorn . 02 -> 

Capacity. Measurement of Very Small Changes of R. C.unn . .. 2.»»4 

Condenser Apparatus for Rdntgen Requirements. 1 hcory of. M. Jona . 

Contact Electricity. A. Cochn and F.. Duhmc ...... ... 2 *'-° 

Electrical Charges of Sub-Microscopic Particles. Problem of. 1 Sexl. 2HI9 

Electromotive Force of Filtration. L. Riety. 2822 

Measurements, see separate section. 

Pt-Rhodamine B-Pt Cell. K F. Sun . 

Specific Inductive Capacity in Solids. J Krrera .......-- • •■• • • • ••••••. 1 

Stream Lines in the Two-Dimensional Motion of a Perfect Fluid. Electrical 

Method for Tracing. F.. F. Keif . 

Chemical Equilibrium and Reactions. 

Atomic Dimensions and Chemical Reactivity. H. L. Riley ..••. 2S6I 

Cesium Vapour. Ionisation of. and Mobility of Electrons in the Bunsen Flame. 

Carbon Bisulphide by Ultra-Violet Rays. Destruction of. G. Bruliat and ^ 

Catalytic 1 ancfInduced Oxidation*. A. K Hoard and E. K. Rideal.... 1615. 1616 
Chemical Change with Variable Concentration. Calculation of Work of. (. 

Combustion of Puds.’Temperatures Attainable in. G. A. Goodcnough and 

G. T. Felbeck.. • ..;-■ •: * ‘ 7 11 

of Hydrogen-Air Mixtures and Pressure ami lemperature. Rate of. 

H. Machc. A. Nftgcl... 

Dissociation Equilibria. Theory of. C. C. Darwin and R. H. Fow ler. M3 

Double Salts. Solubility Curves for the Decomposition of. S. M. Levi ......... *»•*»» 

Entropy. Absolute, and Chemical Constants of Polyatomic C.ases. J. Iv. Syrkm «.»o4 

Equilibrium. Partial. E. Baur. ;•••; . ‘ .! 

Glow Discharge. Chemical Reaction in. A. Gflnther-Schulic. - ' 

Heats of Formation. C. Henry. ‘ _ 

Heterogeneous Equilibria. Studies in. J. A. V. Butler . 

Hydrogen iodide. Decomposition of. H. A. Taylor. 

, Chemical Constant of. W. H. van dc S. Bakhuyren ........ • • • ->« ' 

I lydroquinonc. Hydrogen Ion Concentration and Oxidation of. \ . K. la Aler 

and E. K. Rideal.• y • • • y • • 3 

Lindolt Reaction by Bromides and Chlorides. Acceleration of A. Skrabal .. 1612 

Molecular Attraction and Combination. O. .. “j:®” 

Monomolccular Reactions. J. J. Thomson . 

Phase Boundary Potentials. L. Michaelis and A. Fujita .. *629 

. Thermo-dynamic. Theory of. E- Abel. 26. 0 

Photolysis. Uranyloxalate. Quantum Sensibility of. P. E. BOchi.K62 

Thermodynamics. Application of. to Chemical Changes. S. Sano. 167 

Conductivity (Electric) and Resistivity. 

Ajfregites. Electrical Resistance of. K. Lichtencckcr. ••••••*• 2333 

Alkali M_'Uls. Electrical Resistance and Thermoelectric Power ol. t. C 

Bidwell . •••• . 19011 

For the Explanation of this Index see p. 1164. 
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_ . . . _ Abstract Nos. 

Conductivity (Electric) and Resistivity, continued. 

Alloys at High Temperatures. Electrical Properties of. M. A. Hunter and 

A. Jones ... 1028 

Aluminium. Commercial. Electrical Resistance of. L. Quillet . 030. 907 

Aluminium, Laboratoire Central d'£lectricite on Properties of. Jouaust_ 1559 

.. . Resistivity of. at Different Temperatures. G. Grassi . 629 

Binary Metallic Alloys. Electric Conductivity in. M. Pirani and J. Runge_ 2331 

Calculation of Conductivity. C. F. Wei land. 1290 

Carbons, Granular Resistor. Resistivities of. C. E. Williams and G. R. Shuck .. 1561 
Caustic Soda, Molten. Electrical Conductivity of. K. Arndt and G. Ploetz .. 2580 
Coils. Single-Layer. Alternating-Current Resistance and Inductance of. C. N. % 

Hickman. 984 

Conductance of Solid Salts at Elevated Temperatures. P. Vaillant. 3051 

Conductivities. Electrical, of Mixtures of Aniline. Acetic Acid and Water. 

J. R. Pound. 3052 

Conductivity of Atmosphere, see also section Static Electricity, 
of Gases, see section Discharge in Gases. 

.. of Metals. Effect of Torsion on. J. E. Calthrop. 2143 

.. of Solid Salts. Effect of Additions on. C. Tubandt and H. 

Reinhold. 170 

.. . Atomic, of Metals. F. Simon . 2144 

.. . Induction Coil for Determination of. F. Scheminzky . 2145 

Connections, Resistance of. G. E. I.ukc .791 b 

Contacts. Loose. Passage of Currents through, Angelika Sztfkely.. 1506 

Copper and Iron Fused with Mica. Temperature Variation of Electrical Resist¬ 
ance of. K. R. Ramanathan .. 072 

,, , Commercially Pure. Relation between Tensile Strength and Electrical 

Resistivity of. W. E. Alkins.3047 

Cryolite-Alumina Mixtures. Conductivity of. K. Arndt and W. Kalass . 1603 

Crystals. Conduction of Electricity through. F..v. Rautenfeld. 900 

., , Passage of Electricity through. A. Joffi. 323 

Electrical Conductivity and the Bohr Atomic Theory. O. Feussncr . 2582 

of Metals. A. Schulze.623 

„ Resistivity and Thermal Emissive Power of Metal. C. Davisson and 

J. R. Weeks. Jr..... 2296 

Electrolytes under High Frequencies. Conductivity of. J. Granicr . 2334 

Electronic Conduction in Metals. A. Bramley.. 1247 

Equilibrium Theory of Electrical Conduction. A. T. Waterman. 622 

von Ettingshauscn Effect. E. Persico . 1296 

Flames containing Alkaline Salts, Electric Conductivity of. A. Pontrcmoli .. 2330 
., ,, Metallic Vapours. Electrical Conductivity of. E. Zachmann 2830 

Glasses, Electrical Conductivities and Transition Points of. H. Schoenborn.. 1908 

Clold Films. Resistance of. S. S. Mackeown. 1604 

Graphite, Electrical Conductivity of. E. Ryschkcwitsch .. 909 

Hall Effect and Specific Resistance of Kathodically Deposited Films of Gold. 

S. S. Mackeown . JJJ* 

,. Effect and Thermoelectric Power. P. Raethjcn . looo 

High-frequency Resistances of Wires. G. Wuckel . 1285 

Hydrogen Chloride. Conductance of Dilute Solutions of. H. C. Parker. 173 

Indium. Electric Resistance of. in the Temperature of Liquid Helium. W. 

Tuyn and H. K. Onncs. ( ’2o 

Iodine. Electrical and Thermal Properties of. A. Pochettino and G. Fulchcris 620 
Ionisation, see sections Dissociation and Ionisation and Discharge, Electric. 

Iron Wire. Resistivity and Temperature Coefficient of. S. Kimura and N. 

Namikawa. 19®^ 

.. , Influence of Combined Carbon on Specific Resistance of. F. Stablein .. 9'° 

Lead Peroxide, Reguline. Properties of. W. Palmacr. 635 

Magnetite. Conductivity of, and Effect of Magnetisation. E. Wilson and E. F. 

Herroun . 1562 

Measurements, see separate section. 

Metallic Conductivity. E. Kretschmann. 2332 

Products. Electrical Resistivity of. L. Guillet. 1560 

Metals and Alloyson Bohr's Theory. Electrical Conductivity of. K. Hojendahl 2835 

. Effect of Tension on Conductivity of. P. W. Bridgman. 632 

,, , Electric Conductivity of. F. Simon . 2834 

Molybdenite. Electrical Conductivity of. J. Okubo. 2585 

For the Explanation of this Index see p. 1154. 
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Abstract No*. 


" Conductivity (Electric) and Resistivity, continued 
Ohm's Law. Validity of. for an Electrolyte with High Potential Gradients. 

M. Wien .. •••. 1280 

Phosphorcs. Conductivity Changes of. by Kathode Rays. L. Rupp ........ .H >8 

. Electrical Conductivity of. and their Light Emission, B. Gudden 

‘ and R. Pohl ...y • • • • • • •. 

Platinum. Influence of Hydrogen on Resistance of. R. bulirmann.. 

. Pure, Temperature Resistance Coefficient of. under Mechanical 

Stress. O. Feussncr. . 1281 

Potassium Chloride Solutions. Conductance of. Electrolytic Conductance 

Measurements. H. C. Parker and Elizabeth W. Parker.......• I 08 I 

in Liquid Ammonia. Resistance of Solutions of. C. A. Kraus and 

" W. W. Lucassc. 

Pt-Rhodamine B-Pt Cell. K.F.Sun..... ... yYii" ' t»-u 

Resistance of a Conductor for Alternating Currents. Increase of. I.. Lehrs . !-*•» 

of Carbon and Graphite with Temperature, \anation in. B. ^ 

Rhodium and iridium.’ Compressibility and Pressure Coefficient of Resistance ^ 

Salt Vapours Electric Conductivity of. G. C. Schmidt and R. Walter. h2i 

Selenium and Cuprous Oxide. Light Sensitivity of. \ I |.irtoni ... 

Single-Layer Coils. Alternating-Current Resistance of. S Hut ter worth .... J. *■» f 

Skin Effect in Tubes. K. .. ; -' 

M Wien . 

Sodium-Potassium Alloys. Free Electron Characteristics of C. V. Kent.. ... 177 

Solid Salts. Effect of Temperature and Moisture on Conductivity of. I . \ aillan l 

Salts. Electrical Conductivity of. P Vaillant ..- - - • •. 

Steel. Sheet. Influence of Cold Rolling on Electrical Properties of. ; f" 

Super-Conduction. Effect of Magnetic Field in. G Broit. ‘ 

.. -Conductivity. Theory of. E. Kretschmann. 

Tension. Elfcct of.on Change of Resistance and Thcrmock-ctro motive I orcc 1»\ 

Transverse Magnetisation. A. W. Smith . .... . 

Thermodynamics of Electron Emission. O. \\. Richardson.. . . .. ... • - - - • • • 
Torsion. Effect of. on Thermal and Electrical Conductivities of Metals. C. II. 

Lees and J. E. Calthrop.• • • • .. offlll 

Wiedemann Franz Law. A. Euckcn and O. Neumann. 

Conductivity (Thermal). 

Alloys. Thermal Conductivity of. H. M. Williams and \ . ft j 

Bar Method for Measurement of Thermal Conductivitv .NC lLODav •■•••• ' 

Bismuth Crystals. Thermal Conductivities of <• \V C Kayc-mJJJ-«rlj I M 
Diatomic Gases at l-ow Temperatures. Thermal Molecular ConductsH> and 

Molecular Heat of. E. Schreiner .... •;••••••••••• • ■ • • • • \ . 

Dielectric and Conductive Anisolropism of Muid ( rystals. '' • h "' 1 •••••••• 

Diffusivity. Thermal, and Conductivity of some Soil Materials, i- 

Ingcrsoll and O. A. Kocpp.. • • .. “r, 7 - { 

Equation of Heat Conduction. Integration of. I. Rungc-. ’ ‘ 

Fused Electrolytes. Conductivity of. W Biltz and \\ . Ivlemin . * ' 

Heat Transfer in Small Pipes. F. C. Blake and W . A. Peters . I..,.., 

.. Transference and Fluid Friction. T. B. Morky...• • • ■ • •; V ‘ V 

Iodine, Electrical and Thermal Properties of. A. Pochcttmo and (. l uk hcri» 

Kinetic Theory of Viscosity. Conduction and Diffusion S. Chapman and v 

Hainsworth .... 

Liquids. Thermal Conductivity of. under Pressure. P. W. Bridgman . 

Measurements, see separate section. ...... 

Metals, Effect of Tension on Conductivity of. P. W. Bridgman .... - 

Refractories. Thermal Conductivity of. M. D. Hersey and E. \\ Butzler ... " 

Rocks. Thermal Conductivity and Compressibility of. P. W Bridgman. i »•* 

Technical Materials. Conductivity for Heat of. O. Teschc. “Jr 

Thermal Conductivities. W. B. Brown . 

Conductivity Data. A. H. Davis .-. f \ 

Torsion. Effect of. on Conductivity of Metals. J. E. Calthrop .......... • 

.on Thermal and Electrical Conductivities of Metals. C. II. 

I«ecs and J. E. Calthrop. 'Jf; 

WaU Insulation. E. Griffiths. 

Wiedemann-Franz Law. A. Euckcn and O. Neumann .. .. " Jl 

For the Explanation of this Index see p. 1I&4. 
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Critical Points and Constants. ad«™««os. 

Corresponding States. Berthelot on van der Waal’s Law of. Bochet. 1518 

Critical State of Miscibility on Volumes. Influence of Neighbourhood of. 

N.Perrakis. 1516 

Cryoscopic Measurements, see section Freezing-. Melting-, and Boiling-Points. 

I-luids in Saturated State near the Critical Point. J. E. Versehaffelt . 119 

Four-Volumes Rule. C. Porlezza . 897 

Gases. Various. Critical Constants of. F. S. Pickering . !!!!.!! 1516 

Iron. Steel and other Metals. Critical Point of. see section Metallography. 
Measurements, see separate section. 

Miscibility of Substances above the Critical Temperature. T. des Coudres_ 1218 

.. Critical State of. N.Perrakis. 1956 

Molecular Association of Liquids and Gases. E. E. Walker .905, 1237 

Paraffin Hydrocarbons. Properties of. R. E. Wilson and W. H. Bahlke.' 1508 

Three Temperatures Rule. C. Porlezza. 890 

Crystals and Crystal Structure. 

Acetaldehyde Molecules in the Space Lattices of Acetaldehyde Ammonia and 

Metacctaldehyde. Relation between. O. Hassel and H. Mark. 2910 

Alloys. Certain. Lattice Structure of. S. Holgersson and E. Scdstrdm . 2905 

Aluminium Nitride (AIN). Lattice of. H. Ott . 1393 

Analysis. Qrystal Powder, by X-rays. J. Brentano . 646 

Aragonite. Structure of. W. L. Bragg. 1068 

Argon. Crystal Structure of. F. Simon and C. v. Simson. 2442 

Arsenic. Metallic. Crystal Structure of. A. J. Bradley . 1686 

Atomic Structure Of Two Intermctallic Compounds. E. A. Owen and G. D. 

Preston . 2910 

Atomistic Structure of Deformed Crystals. R. Gross . 1662 

Atoms in Mixed Crystals. Distribution of. G. Tammann. 2914 

Basic Beryllium Acetate and Propionate. Crystal Structure, and Chemical 

Constitution of. W. Bragg and G. T. Morgan . 212 

Bismuth. Structure of. O. Hassel and H. Mark. 1682 

Calcium. Structure of. H. Collins. 2911 

Carbon Compounds. Crystal Structure and Constitution of. I. E. Knaggs .... 2440 

Cellulose. X-ray Spcctrographic Observations with. H. W. Gonell . 2788 

Cobalt. Structure of. H. Collins . 2912 

Copper. Structure of. H. Collins. 2913 

Crystal Analysis by Diffraction of X-rays. R. A. Patterson . 2527 

-Axes. X-ray Determination of. A. Muller. 2006 

Forms and Lattices. M. Yamada. 2443 

.. Growth in Tubular Spaces. R. Gross and H. Mdller. 1314 

.., Lattice. Rontgen Light and its Application to Determination of. R. 

Schachcnmcier . 414 

.. Sections by Conoscopic Methods. Examination of. C. W. Hawkslcy.. 2058 
,, -Structure Analysis of Characteristic Secondary X-rays. Excitation, 

Reflection and Utilisation in. G. L. Clark. 1186 

Structure by X-rays. Analysis of. W. H. Bragg . 2907 

.. .. of Oxalic Acid. H. Hoffmann and H. Mark . 2915 

.. .. , Results of X-ray Examination of. R. Gross . 1394 

„ Symmetry and Residual Radiation. C. J. Brestcr. 2436 

.. and X-rays. T. V. Barker . 411 

.. .. .Types of. W. Barlow. 13 

Crystalline Liquids. C. W. Oseen. 1675 

.. Structure of Metals. Mixed Crystals, etc. K. Becker. 762 

Crystals, Elastic Limit and Strength of. A. F. Joff*. M. V. Kirpitchcva and 

M. Levitzky . 1994 

. " Liquid." Formation of. in Mixtures of Cholesterol and Cetyl Alcohol 

A. Mlodziejowski. 687 

„ . Mixed. Thermodynamics of. H. G. Grimm and K. F. Hcrzfcld .... 686 

Diffraction and Quantum Integral, by a Crystal. A. H. Compton. 416 

Elastic Stress in an Isotropic Body. R. F. Gwyther.2419 

Energy of the Crystal. J. C. Slater . !.!!!!!!!!!!!.. 1669 

Esters and Long-Chain Compounds. X-ray Investigation of. G. Shearer 1!.. 755 

Fatty Acids. X-ray Investigation of. A. Muller . 14 

Fluid Crystals. Theory of. L. S. Omstein. !!!!!! . !!. 2388 

Graphite. Crystalline Structure of. O. Hassel and H. Mark._ 2441 

For the Explanation of this Index see p. 1154. 
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Abstract No*. 

Crystals and Crystal Structure, continued. 

Gravitational Anisotropy in Crystals. P. R. Hcyl. 2078 

Halogen Hydrides, Vapour Pressures and Crystal Structure of. F. A. Henglein 2ft I 
Hydrogen Chloride. Crystalline Structure of. F. Simon and Clara v. Simson 1004 
Isomorphous Compounds (NH 4 ),ZrF,and (NH 4 ),HfF ? . Structured. O. Hassel 

and H. Mark. 2ft 17 

Kinetics of Macrocrystal Formation in Tungsten. H. Alterthum. 2020 

Lattice Determinations by Means of Layer Lines. H. Mark. K. Weissenbcrg 

and H. W. Gonell . 211 

„ Theory and Elastic Constants. G. Heckmann . 1081 

Liquid Crystals, Soap Solutions and X-rays. J. \V. Me Bain . 2782 

Lithium Iodide and Rubidium Fluoride, Structures of. R. W. G. Wyckofl and 

E. VV. Posnjak . 7.»:« 

Long-Chain Compounds. X-ray Measurements of. A. Muller and G. Shearer .. 750 

Magnesium Stannide, Structure of. L. Pauling . 1007 

Magnetite Crystal. Magnetostriction of. C. W. Heaps . 2347 

Metal Crystals. E. Griineisen and E. Goens . 205!) 

„ „ , Single. Production of. I. Obreimow and L. Schubnikow .... 201!) 

„ Foil. Rolled, Structureof. H. Mark and K. Weissenbcrg. 18 

Metallic Crystals, Single. I*roduction and Properties of. H. C. H. Carpenter 355 

Metals. Treated. Crystal Structure of. L. Thomassen. 751 

Organic Substances. Crystalline Structure of. W. H. Bragg . 1000 

Piezoelectricity and Molecular Asymmetry. R. Lucas. 2328 

Plastic Deformation of Crystals. E. Schmid. 1011 

Potassium Hydrogen Fluoride. Crystal Structure of. R. M. Bozorth. 10 

Racemic Acid. Anhydrous. Crystalline Structure of. W. T. Ant bury. 15 

Reflection. Selective, of X-rays by Crystals. \V. Kassel .... 2000 

Rubidium Fluoride and Lithium Iodide, Structures of. R. W. G. Wyckoll 

and E. \V. Posnjak. .. "53 

Selenium and Tellurium Rhombohedral Forms. Crystal Structures of. A J 

Bradley. 2f|04 

Shapes of Crystals after Etching. R. Gross. F. Koref and K. Moors. I00| 

Silver Iodide, Crystalline Structureof. R. B. Wilsey. I" 

Solid Solutions. X-ray Analysis of. E. A. Owen and G. I). Preston . 1031 

Solids, Constitution of. C. E. Mendenhall. 1375 

Space-Filling in Crystals. F. A. Henglein..• 1003 

Lattice of Triphenylmcthane. K. Becker. Note by II. Mark and K. 

Weissenbcrg. - ,M,< 

Steel, Sheet. X-ray Investigation of Eflcct of Cold Rolling on. V. Niwa and 

J. Matura . |,l “ 

Structure of Crystals of NaBrO, and NaCK> # I.. Vegard .. 113 

„ . Determination of. by Means of X-rays. M. Pol Any i . 412 

Succinic Acid. Succinic Anhydride and Succinimidr. Crystalline Structure of 

Kathleen Vardley . 

Sulphur. Rhombic. Lattice Structure of. II. Mark and E. Wigner. 2000 

Surface Energy of Crystals and their Forms. M. Yamada. R»on 

Tin. lattice Structure and Sliding Planes of. II. Mark and M. PolAnyi . 350 

., . White. Lattice Structure of. H. Mark and M. PolAnyi.. 1302 

Tungsten Single Crystals, Strength of. Research Staff of General Electric Co.. 

London . 2414 

Zinc-Copper Alloys. X-ray Analysis of. K. A. Owen and G. I). Preston .... 1032 
.. Crystals. Changes by the Extension of. E. N. da C. Andrade. 1058 


Density. 

Acetone. Density and Viscosity of. at Low Temperatures. E. II. Archibald 


and W. Ure. 1048 

Apparatus, see separate section. 

Charcoal. Density of. by Displacement of Liquids. J. B. Firth . 371 

Density of Liquids for Buoyancy of Air. Correction of. G. Barr . 1077 

Ethyl Alcohol at 20®, Absolute. Specific Gravity of. C. N. Kiiber. 370 

Gases Measured by Interferometry. Density and Diffusion of. C. Barns. 1050 

„ . Measurement of Specific Gravity of. A. Blackie . 300 

Graphical Vapour I*ressure and Specific Gravity Tables. II. G. Doming. 2308 

Graphite. Density of. E. Ryschkewitsch and E. Kostermann. 1.335 

Helium Model, Ortho, Adiabatic Hypothesis to. O. Halpern . 422 


Iron and other Refractory Metals in the Linuid State. Density of. C. Benedicks 2878 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Density, continued. 

Iron. Change of Density of. due to Overstrain. J. W. Landon. 348 

Lead Peroxide, Reguline. Properties of. W. Palmaer. 635 

Liquids and Temperature. Density of. J. J. Saslawsky. 2384 

Magnesium from 20° C. to 700° C.. Density of. J. D. Edwards and C. S. Taylor 2880 
Metals and Alloys. Rate of Cooling. Density and Composition of. R. C. Reader 1610 

Paraffin Hydrocarbons. Properties of. R. E. Wilson and W. H. Bahlke. 1508 

Powder. Compressed. Distribution of Densities in Columns of. E. E. Walker .. 194 

Sodium Chloride Solutions. Densities and Specific Volumes of. R. E. Hall .. 1649 
,. ., , Vapour Pressure and Density of. W. R. Bousfield 

and C. Elspeth Bousfield . 572 

Solutions, Aqueous. Temperature of Maximum Density of. A. Taffel. 178 

Specific Gravity of the Surface Water in the Indian Ocean. Influence of 

Barometric Pressure on. R. B. S. Sewell . 780 

Statistical Theory of Spontaneous Fluctuations in Energy. Pressure and 

Density. K. C. Kar.... 219 

Steel. Sheet. Influence o. Cold Rolling on Electrical Properties of. 320 

Surface Tension and Density. Relation between. D. B. Maclcod. 190 

Dielectrics, see also section Capacity. 

Air between Plate Electrodes. Electric Strength of. W. O. Schumann. 1651 

„ ,. „ . Electrical Strength of. H. Zipp. 129. 1550 

Breakdown Field Intensity with Spherical Electrodes. W. O. Schumann ... IMS 

.. Voltages for Air. F. Dcssauer .5048 

Condensers with Liquid Dielectrics, Power Loss in. L. S. McDowell. 1570 

Dielectric and Conductive Anisotropism of Fluid Crystals. W. Hast. 966 

., and other Properties of Non-Mctallic Elements. Connections between. 

G. L. Addcnbrookc. J®'" 

Constant. R. Forth. 

of Steel. H. F. Richards. ••••••;• 

.. .. with Frequency and Energy Loss. Variation of. J. Mould 1J4 

,. Constants. P. Walden and O. Werner... ••••• 3050 

,, „ and Chemical Constitution with Organic Liquids. E. H. 

L. Meyer ... 232 J 

,. Constant* and Pressure. F. Waibel .. !* 

,. .. of Liquid Crystals in a Magnetic Field. Jerewski . f*"" 

.. of Organic Liquids. F. V. Grimm and W. A. Patrick ... 1283 

.. in the Light of the New Theory of the Atom. G. Jacoby .. 2 

., Losses at Radio Frequencies in Liquid Dielectrics. A. B. Bryan ... *>" 

,. Properties of Water for Continuous Waves. G. C. Southworth .... 2141 

Dielectrics and Condensers. J. Lahoussc. \Vro 

Discharge Voltage and Breakdown Field of Spherical Electrodes. A. Klemm .. 1002 

Electrolytes. Dielectric Constants of Solutions of. O. Bltih. 

Electrolytic Solutions. Dielectric Constants of. P. Walden and H Uhch. 

Hydrogen. Oxygen. Nitrogen. Air and CO,. Dielectric Constants of. by a 

High-frequency Method E. C. I-ritts .. • 1914 

India-rubber as a Dielectric. Behaviour of. J. Villcy. P. Vernotte and H. 

Lacazc . 2329 

Internal Electrical Charge of the Elcctrct. Nature of. M. Eguchi. J 9 J 2 

Maxwellian Radiation. Dielectric Properties required for. A. Press.39'° 

Measurements, see separate section. , 7 „ 

Piezoelectric Effects with Dielectrics. K R Brain .. JJ'J 

Polarisation. Electric, of Dielectric. G. Jacoby .143. lgj 

Properties of Dielectrics. G. L. Addcnbrookc. 

Quantum Theory and Dielectric Constant. J. H. Jones. 

Quartz. Thermic Variation of Dielectric Constants of. S. Gagncbin. 

Solid Dielectrics. Disruptive Strength of. A. A. Ahmed.•. 

Surface Resistance of Insulating Sheets. Measurements of. R. Dictcrlc . 

Diffusion. 

Coefficients of Diffusion of Liquids. F. Hoeltzcnbein.J? 

Diffusion in Liquids. Optical Study of. B. W. Clack . 2381 

Rate of Metals in Mercury. Influence of Pressure on. E. Cohea 

Rate of Metals in Mercury, Potentiometric Determination of. 

” Cohen and H. R. Bruins. 2182 

For the Explanation of this Index see p. 1154. 
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Abstract No>. 

Di fusion, continued. 

Diffusivity, Thermal, and Conductivity of Some Soil Materials. L. K. Ingcrsoll 

and O. A. Koepp. 2289 

Gases measured by Interferometry. Density and Diffusion of. C. Barus. 1050 

Gels, Diffusion in. C. T. Mann .•. 1594 

Hydrogen. Diffusion of. through Metals. H.G. Denting and B. C. Hendricks .. 1306 
Kinetic Theory- of Viscosity. Conduction and Diffusion. S. Chapman and 

W. Hains worth. 2810 

Dilatation. 

Ceramic Materials, Thermal Dilatation of. by the Interferometer (.. E. 

Merritt.. 2537 

Coefficients of Expansion of Metals and Alloys. J. N. Friend and K. II. 

Vallancc . 2.»34 

Expansion of Glass. Recording Apparatus for. A Arnulf . 

Temperature on Properties of Metals. Effect of. A. Mallock. l83-» 

Thermal Expansion. Optical Lever Method for measuring. J Guild. 2124 

Stress iu a Cylinder. Theory of. T. MaUumura. 4(K» 

Viscosity of a Liquid and its Coefficient of Expansion. D B. Macleod. 188 

Water. Dilatation of. under Constant High Pressure. L. Hochct. 1212 

Discharge In Gases and in Vacuo (Electric), including Discharge of 
Condensers, see also section Rays. 

Abnormal Low Voltage Arcs. Explanation of. K. T. Compton and C. H. 

E c g arl . 2828 

Anode Kays. Emission of. M. Morand ..... ;;••••• . Jf 

Arc and Spark Lines. Report on Doppler Effect in. I Kretlt ...... JOAJ 

.. Lamp. Sodium-Potassium Vapour. Potential Gradient in. r. H. Newman 12‘8 

.. Light. A.C. .Measurements in. A. Ilagenbach and M. Wehrli .. • •»' 

.Demonstration of Charges of Metallic Vapours in. A. Sal » . .107 

.. Relay, Electro-Optical Applications of. L D unoyer and P. 1 onion ..... JOM 
., Relays with Exterior Sheath. EIcctro-Mcchanic Applications of. 

Dunoycr and P. Toulon. ; 

.. Spectrum of Phosphorus M. O. Saltniarsli ..... f J 

.. .. of Titanium. C. C. Kiess and II K. Kicss .... ----- • • • • • • 2 u.i-» 

„ . Electric, Counter Electromotive Force in. A. Hagcnbach and M. Weluli 308 
.Experiments on. M. I’ierucci . | W|(J 

" ! Low Voltage Helium". Oscillations in". C. H. lickart and K. T. Compton 1277 

. Mercury. Striking Potential in. M. Scott... . ; . 

.. . Mercury. Positive Ion Currents in Positive Column of. I Langmuir .... 018 
.. . Persistent, in Vacuum. Striking Potential Necessary »•» Produce, 1*. 

Simeon.. • • • • • ■’* * *. 

Arcs. Carbon. Current. Voltage and Length of. A. E. R. West man ......... *««■» 

. A. E. R. West man and W. J. 

MS M • St a II ** I oil* 

Clapaon. 

Atomic Rays, Soft. T. Volmer .. .. 7.'.' 

Breakdown Field Intensity with Spherical Electrodes. W. O. Schumann- I •••»■» 

,. Potential and Paschens Uw. R. Rudy.. .. ' 

.. .. for Air between Plate Electrodes. W. O. Schumann ... • ••j 

Canal Rays. W. Wien.. •••••! 

.. .. of Hydrogen. Oxygen and Nitrogen. Doppler Effect in. 11. Kreflt - 

Carbon Arc, Researches on. H. Kohn and M. Guckel. V 

Condenser Oscillations. C. P. Stcinmctz. 

Corona Discharge. Surface Complications in. F. O. Anderegg. 

,, . Current-Voltage Relation in. C. S. Fazel and S. K. Parsons. 21.1.1 

Crater, Positive. E. Podszus..•.. 

Critical Electron Energies iu Hydrogen. F. Horton and Ann C. Davies. 3LJ 

„ Voltages. Measurement of. Lydia Inge and A. Walthcr.. -. 2321 

Currents limited by Space Charge. L Langmuir and Katharine B. Blodgett... 014 

Dark Space at the Kathode for Induced Discharges. E. Goldstein.. 1209 

Deflci tion of Stream of Electrons by Electromagnetic Radiation. E. O. 

Hul hurt. 

Discharge in Rarefied Gases. A. Pontrcmoli. *207 

., Tension in Water-'Vapour. I. Strohhickcr. 2824 

,, Voltage and Breakdown Field of Spherical Electrodes. A. Klenim 1552 

For the Explanation of this Index see p. 1164. 
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„ .... Abstract Nos. 

Discharge in Gases and in Vacuo (Electric), including Discharge of 
Condensers, see also section Rays, continued. 

Discharge. Electric, Photography of, with the Positive Column in Motion. G. Valle 2672 

Disruptive Potential in Rarefied Gases. E. Dubois. 948 

Electric Discharge in Gases at Low Pressures. J. J. Thomson. 3031 

Electrodelcss Discharge. G. Mierdel. 2320 

.. Ring Discharge. H. Jung. 3038 

Electromagnetic Waves. Very Short. A. Glagolcwa-Arkadiewa . 2325 

Electrometry. Lamps with Several Electrodes in. P. Lejay . 2590 

Electron Emission, Theory of. S. Dushman. 2314 

Impact and Angular Momentum. P. M. S. Blackett. 1881 

Electrons in Gases and Negative Ions in Air. Motions of. L. B. Loeb. 929 

,. ,. under Crossed Electric and Magnetic Fields. R. N. 

Chaudhuri. 133 

,. in Gases. Mobilities of. K. T. Compton . 694 

,, ... Motion of. V. A. Bailey. 030 

.. ,. , Motions of. K. T. Compton . 593 

.. in Helium. Hydrogen and Nitrogen. Mobilities of. L. B. Loeb .... 1886 

,. , Motion of. J. S. Townsend and V. A. Bailey.. 136 

., in Hydrogen. Motion of. under Crossed Electric and Magnetic Fields. 

R. N. Chaudhuri . 314 

.. , Motion of. in Carbon Monoxide. Nitrous Oxide, and Nitric Oxide. 

M. F. Skinner and J. V. White. 136 

,, . Motion of. in Nitrogen. H. B. Wahlin . 1666 

,, , Slow. Free Paths of. in Argon, etc. H. Sponer. M3 

,. , .. ., „ . in Mercury and Cadmium. R. Minkowski ... 942 

Electrostatic Fields of Gauzes and Diaphragms. A. Walther and Lydia Inge 924 
Excitation Tensions of Neon and Argon and their Spectra of these Gases. G. 

Hertz . 

Films, Electro-Sensitive. G. Piaggcsi. Ml 

,, , Thin Opaque Metallic, Production of. and their Optical Properties. F. 

Rother and K. Lauch .JJ*® 

Flames containing Alkaline Salts. Electric Conductivity of. A. Pontrcmoli.. 2330 
Gas in Electric Discharge. Disappearance of. Research Staff of the General 

Electric Co., London. l® 01 

., Electric Discharge (V). Disappearance of. Research Staff of the General 

Electric Co.. London. 3039 

., Ion Mobilities. L. B. Loeb. JM* 

., . Disappearance of. in the Electrical Discharge Tube. F. H. Newman .... 1898 

Gaseous Ions and Mobilities in Dry and Moist Air. J. J. Nolan. 2318 

Gases left after the Passage of Electrical Discharges. Absence of Helium from. 

S. K. Allison and W. D. Harkins. 10 JJ 

Gcisslcr Tubes with Hot Kathodes. Electrical Discharges in. W. H. McCurdy 130 
" Glim " Lamp as a Detector of Ionising Radiations. O. v. Bacyer and W. 

Kutzner. 

Glow-Discharge and the Electric Field, Potential for. L. Dreyfuss . 938 

„ „ in Hydrogen and Air. Beginning of. K. Oclkcrs. 2826 

,. .. . Cathode-fall in. and Energy of Liberation of Electrons. A. 

Glinther-Schulzc . 2313 

., Discharge. Chemical Reactions in. A. GOnther-Schulze. 

„ ., , Energy Distribution in. A. GOnther-Schulze . 1890 

.Laws of. A. GOnther-Schulze . 604 

„ Electronic Emission at Transition and Melting-Points. A. Goetz. 00 j 

., , Multiple, in Vacuum Tubes. R Secliger and G. Mierdel . 945 

Gradient. Normal, in Gases. A. GOnther-Schulze . 1547 

Helium. Low-Voltage Arc Light in. R. Bar. M. v. Laue and E. Meyer. 6*5 

, Metastable, Factors in Life of. A. J. Dempster . 1538 

„ „ , Life of. F. M. Kannenstine. 1637 

High Frequency, Electric Discharge of C. Gutton. 1266 

„ -Intensity Arc. Electrochemistry of. P. R. Bassett . 2324 

„ Voltage. High-Frequency Discharge through Air. Heat Losses and 

Chemical Action in. F. Daniels.^P. Keene and P. D. V. Manning.1807 

Hydrogen and Nitrogen. Dissociation of. by Excited Mercury Atoms. O. S. 

Duffendack and K. T. Compton. 2134 

Impulse, Conservation of. during Stimulation and Ionisation-Shock. G. Joos 

and H. Kulenkampff. 2669 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Discharge in Gases and in Vacuo (Electric), including Discharge of 
Condensers, see also section Rays, continued. 

Iodide of Hydrogen by the Silent Discharge. Formation of. E. Warburg. 1641 

Ionisation Gauge. C. G. Found and S. Dushman . 2317 

Potential of Elements. Cecilia H. Payne. 2707 

.. , Excitation and Dissociation of Gases. A. L. Hughes. 2565 

, Thermic Equilibrium of. E. Fermi. 3040 

Ionising and Radiating Potentials. W. J. Clark . 1262 

.. Potentials for Hydrogen and Oxygen. H. D. Smyth. 1263 

Tension of Positive Ions. J. Franck. 2564 

Ions in the Glow Discharge. K. T. Compton and T. E. Foulke. 602 

. Positive, from Hot Tungsten. Emission of. W. A. Jenkins. 2136 

Kathode Fall, Ionisation Potential, and Atomic Weight. A. GOnther-Schulze 603 
.. .. . Normal, and Photoelectric Sensitiveness of Some Metallic 

Sulphides and Metallic Oxides. B. Aulenkamp . 305 

,, Fall. Normal, in Air. A. Schaufelberger. 044 

.. Falls in Gases. Normal. Calculation of. A. Gflnther-Schulze. 1271 

.. .. . Normal. Current-Density of. A. Gunther-Schulze . 610 

Rays in Matter, Loss of Velocity of. H. M Terrill. 607 

.. „ , Direct Measurement of Velocity of. F. Kirchner. 2830 

, Passage of. through Matter. B. F. J. Schonland . 131 

., Temperature in Glow Discharge of the Inert Gases. A. Rutfenauer. 046 

Kathodic Plate Current in the Mercury Vapour Discharge. Thermal Effect of. 

W. Schottky and J. v. Issendorff. 2831 

,. Stream-Density. Normal. R. Seeliger and J. Schmekel .... 1270 

Kathodo Luminescence of Solid Solutions of Forty-Two Metals T. Tanaka .. 1548 

Light Arc with a Non-Incandesccnt Kathode. Existence of. II. Stolt . 2820 

.. Emission of the Alkalis. Centres of E. Rupp. 037 

.. emitted from Solid Nitrogen when bombarded with Cathode Rays. L. 

Vcgard .. 200J 

Low-Velocity Electrons. Behaviour of. in Methane Gas. G. Glockler.... 187^ 

Luminescent Calcitcs. Aragonites and Dolomites. Active Agents in. I. Janak.i |88i 
.. Fluorspars. Corundum and Spinal. Active Agents in. T.Tanaka 1880 

Zinc Sulphides and Kunzites. T. Tanaka. 2132 

Luminosity of Vacuum Tubes in Neighbourhood of a Sparking ( oil. I). B. 

Deodhar . J574 

Luminous Discharge in Chlorine. W. A. Noyes. Jr.•. 282a 

., Impact. Illumination during Recombination, and Excitation Func¬ 
tion. R. Seeliger . t . •••••• . - 

Magnetic Field and Polarisation of Canal-ray Light. K v. Hirsth. -74 • 

„ „ upon Electric Discharge. Effect of. A. Pontremoli . 608 

Manometer. Ionisation. H. Simon . '2-* ,, 0 

Mass-Spectra. Part V. Accelerated Anode Rays. F. W Aston . ••••• ,27 ‘* 

Mechanical Force and Field Strength at the Kathode in a Discharge 'lube. 

W. Braunbck. *268 

Mercury Atoms. Excited. F!stimation of Average Life of. L. A. Turner. M4J» 

., Lamp. Capillary, J. H. Vincent ami G. I). Biggs . 

.. -Vapour Rectifier, Physics of the. A. GQnther-Schulze . * '***!' 

.. Tube Current Wave Form. Effect of Sliuntson. F. H. Newman 1803 

-Vapour, Mctastable State in. H. W. Webb. 2507 

Metal Films. Deposit of. by Kathode Sputtering. Lambert and Andant -2136 

Neon Discharge Tube. Low-Voltage, Critical Resistance for Flashing of. J. 

Taylor and W. Clarkson. 

.. Lamp. Discharge in. U. A. Oschwald and A. G. Tarrant. 2566 

.. „ . Properties of. U. A. Oschwald and A. G. Tarrant . 2568 

Nitrogen, Active Modification of. M. N. Saha and N. K. Sur. 3043 

Normal Current Density of Glow Discharge. Influence of Shape of. A. 

GUnthcr-Schulzc . 2310 

Oscillations, Ionic, in Striated Glow Discharge. R. Whiddington. 304 

*' Osglim " Neon-filled Lamp. Properties of. J. H. Shaxby and J. C. Evans .. 2567 

Ozone and Nitric Oxides by Electric Discharges. K. B. McFIachron . 1072 

„ . Laws of Formation of. by Discharge. A. Chassy . 1071 

Photoelectric Activity. Variation in. T. H. Osgood . 2142 

„ Effect, see separate section. 

Photographic Methods. Two. of Studying High-Voltage Discharges. K. B. 

McEachron . 128 

F'or the Explanation of this Index see p. 1154. 
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Abstract No*. 

Discharge in Gases and in Vacuo (Electric), including Discharge of 
Condensers, see also section Rays, continued. 

Polymorphic Transformation Energies, Some Cases of. A. Hare . 3044 

Positive Column of the Mercury Arc. Remarkable Property of. Influence of 

External Sheaths. L. Dunoyer and P. Toulon . 2837 

Potential Drop in Ionic Stream from Glowing Metals, Calculation of. M. v. 

Laue and N. Sen. 3035 

Pressure and Other Effects in Gaseous Discharges. I. Langmuir. 947 

Quartz Mercury Arc. Output of Radiation from. B. D. H. Watters. 2754 

Recoil Electrous by Polarised X-rays, Distribution of. G. E. M. Jauncey_ 2098 

Rectifier, Glow Discharge, for Alternating Current. H. Knescr . 009 

Refraction. Mass of Ions and Molecules in the Light of the Atom Structure. 

K. Eajans and G Joos . 2239 

Resonance and Ionisation Tensions. N'. Semenoff. 000 

Rotation of the Electric Discharge. Motion of the Gas in. C. E. Guyc . 954 

,, , Spontaneous, of the Electric Discharge. C. E. Guye.. 955 

Scattering of Low-Speed Electrons by Platinum and Magnesium. C. 

Davisson and C. H. Kunsman. 592 

Secondary Electrons from Metals. Emission of.under Electronic Bombardment. 

F. Horton and (Miss) A. C. Davies. 039 

Electrons, Emission of. from Metals under Electronic Bombardment. 

E. W. B. Gill. 040 

Short-Circuit Figures, Electrical. E. Moller . M3 

Skin Effect in Tubes. K. Fdrstcrling. 1027 

.M.Wicn... 1028 

Sound Measurements in Arc Lights with High-Frequency Currents. A. 

Hagen bach and M. VVchrli. 2575 

Space Charge between Concentric Spheres, Currents Limited by. I. Langmuir 

and Katharine B. Blodgett . 2322 

Spark Lag. W. Hiller and E. Regcncr. JJJJ 

„ , Application of J-aw of Probability to. G. Polvani . 3030 

Sparking-Potcntial of Gases. G. Holst and E. Oosterhuis. 052 

Square Wave of Radio-frequency, Method of Producing. J. L. Bowman. 2320 

Stellar Atmospheres. Cumulative Ionisation in. M. C. Johnson . 2463 

.. , Ionisation in. Cecilia H. Payne... 2601 

Striated Discharge. Emission of Light in. R. Sccliger and J. Okubo. 2827 

Tesla Transformer. Potential Measurements with. Correction. M. Wolfkc .. 317 

Theory of the Electronic Current by Impact Ionisation. L. Hcis. 1261 

Thermionic Emission, see separate section. 

Thoriated Tungsten Filament, Removal of Thorium from, by Bombardment. 

K. H. Kingdon and I. Langmuir . 6,1 

Triodc Valve. Potential of Grid and Plate of. and Initial Velocity of Electrons. 

H. Nukiyama and T. Kuwashima . IjJJ* 

Velocity of Positive Ions in the Crookes Dark Space. F. W. Aston.'3b 

Wall-Currents : Theory of Positive Columns. W. Schottky... 3037 

X-rays, Influence of. on the Disruptive Discharge. G. Hammcrshaimb. 

Dispersion (Light). 

Anomalous Dispersion in the Vapours of Alkaline Metals. F. Rasetti. 2486 

„ Rotatory Dispersion of Tartaric Acid. T. M. Lowry and P. C. Austin 2269 

Bohr’s Quantum Theory. Absorption and Dispersion in. R. Becker. 2925 

Colour in Rock-Salt due to X-rays. Change of. P. Ludewig and F. Rcuther . 2519 

Dispersion and Scattering of Light by Molecules. L. V. King. 240 

Investigated by Interference Method. H. F. Dawes . 

on the Quantum Hypothesis. K. F. Hcrzfeld. 2071 

., , Law of, and Bohr’s Theory of Spectra. H. A. Kramers. 2074 

Double Refraction in Crystals, Dispersion of. C. Gaudcfroy. 828 

„ „ in the same Crystal. Variations of Dispersion of. C. Gaudc- 

froy • • • • • *•••••••••••••••••••••••••••••••••••••••••••••«•••••• 829 

Gaseous Bodies. Dispersion of Light in. J. Koch . 1782 

Increasing the Dispersion of Constant Deviation Spectroscope. J.F.T. Young 0i> 
Irregular Refraction, Dispersion by. and by Molecular Scattering. J. Spijkerboer 176 J 

Optical Dispersion and Selective Reflection. T. H. Havelock. 

Optically Active Substances. R. Cans. 271* 

Refractivity and the Molecular Phase Hypothesis. I. E. C. C. Baly and 

R. A. Morton. 2/10 

For the Explanation of this Index see p. 1154. 
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Abstract No*. 


Dispersion (Light), continued. 

Rotatory Crystalline Dispersion. L. Longchambon. 2050 

„ Dispersion in Absorbing Media. E. O. Hulburt . 481 

Water, Dispersion of. in the Ultra-Violet. J. Duclaux and 1*. Jcantct . 2474 


Dissociation and Ionisation (excluding Gases). 

Aqueous Perchloric Acid. Conductivity of. E. Linde . 23.79 

Coagulation of Negatively Charged Suspensoids. Influence of Anions on. 

J. N. Mukherjee and S. G. Chaudhuri. 2170 

Conductivity of Solid Salts. Effects of Additions on. C. Tubandt and II. 

Reinhold . 170 

Corrosion, Submerged. Effect of Hydrogen-Ion Concentration on. W. G. 

Whitman. R. I*. Russell and V J. Altieri. 2855 

Cryoscopic Measurements, see section Freezing*. Melting-and Boiling-Points 
Deforinability of Ions on the Optical and Chemical Constants. Effect of. M 

Born and W. Heisenberg. 2178 

Diffusion of Molecules and Ions into the Solution of another SulMnncc and 

the Retarding Action of their Solution. 1. D.Gotz and G. P. Pamtil.. 2301 

Dissociation Equilibria. Theory of. C. G. Darwin and R. II. Fowler. 1033 

„ of Acids in Alcohols. E. Schreiner. 2873 

Double Layer. Electrical. Conception and Properties of. and its Relation to 

Ionic Migration. J. W. Me Bain. 2870 

Electro-diftusion. A. Cillct . 174 

Electrolytes. Osmotic Equation of State and Activity of. P. Debye . 19.77 

Electrolytic Dissociation of some Salts in Furfural. F. II. Gctman. 19.74 

Electronic Theory and Heat of Formation of Salts. R. Audubcrt. 2177 

Hydrogen-Ion Concentration. E. Darmois . 1322 

.. „ by a Spec!ro-photometrie Method. W. R. Brode 1017 

„ .. .. Measurements. W. T. Bovie. 1018 

„ ,. Concentrations with Glass Electrode, Determination of. 

A. L. v. Steiger . 2038 

Interaction, Specific, of Ions, Principle of. J. M. Brbnsted. 131.7 

Inter-Ionic Attraction Theory of Ionised Solutes. A. A. Noyes. 2109, 2170 

Ionisation due to Electric Discharge, see section Discharge. 

,, of Atmosphere, see section Static Electricity. 

,, Problems. Newer Aspects of. H. S. Taylor . 1318 

„ Produced by Hydration of Quinine Sulphate. (Mbs) Chamitf. 171 

Ions in Dilute Solutions. Activity of. J. N. BrOnsted and V. K. la Mer. 1008 

,, , Theory of. and Molecular State of Water. V. Auger. 1007 

Mass-Action I-aw in Ionised Systems. \V. Wcssel . 2872 

Mobility of Ions in Liquids, Temperature Coefficient of. P. A. Lindcmnnn... 2007 

Non-Ionised Acids. Nature of. Correction A. Hantzsch. 2859 

Optical and Chemical Constants. Deformability of Ions on. W Heisenberg.. 3089 
,. ,, , Influence of Deforinability of Ions on. 

H. Korn feId . 3090 

Oxidation. Non-luminous, of Phosphorus in an Oxygen Atmosphere. (Lord) 

Rayleigh.. 2800 

Secondary Ionisation Constants of Dibasic Acids. Determination of. T. Paul 2874 

Solubility of Salts. Effect of Strong Electrolytes on. (). Sc hirer . 2171 

Solutions of K1 in Nitromethanc, Conductivity and Ionisation of. J. C. Philip 

and H. B. Oakley . 2300 

Strong Electrolytes. Theory of Debye applied to Dilution and Partition Co¬ 
efficients of. P. Gross and O. Halpcm. 3974 

Undixsociatcd Acids, Nature of. H. v. Halban . 885 


Dynamics and General Mechanics. 

Aberration and Al»olutc Motion. R. Tomaschck . 2207 

Adiabatic Hypothesis. Extension of. K. Eorstcrling. 2437 

Aeroplane Lift and Drag. Lanchester-I'randtl Theory of. 1001 

Wings, and Study of Birds'Wings. E. Ilugiicnard. A. Magnun 

and A. Planiol . 1000 

Aluminium at High Temperatures. Tensile Properties of. T. Martin. 2410 

Bendinjr Stresses in Thin-Walled Tubes. J. Case. 737 

Birds' Wings and Aeroplane Wings. Study of. E. Huguenard, A. Magnan and 

A. Planiol. 1000 

Camera, High-Speed, for Study of Projectiles. H I- Curtis. W. II. Wadleigli 

and A. II. Sellman . 2400 

For the Explanation of this Index >ce p. 11.74. 
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Dynamics and General Mechanics, continued. 

Circular Cubics, Singular Points of. H. Pflieger-Haertel . 2667 

Coefficient of Permeability of Clay from the Course of Hydrodynamical Pressure. 

K. v. Terzaghi. 2422 

Dampings, Linear and Exponential. E. H. Barton and H. M. Browning_ 7 

Deformation of Bent Prisms. Influence of Shearing Force on. O. Sesini. 403 

Degenerate Systems in Disturbed Motion Calculus. L. Nordheim. 25, 764 

Dimensional Analysis. E. Buckingham. 2668 

Disturbed Kepler Motion, Course of the Motion and Quantum States of. 

W. Lenz . 2430 

Dynamical and Kinematical Velocity in Einstein Relativity. P. A. M. Dirac 2205 

Dynamics, Stroud System of Teaching. J. B. Henderson !. 4 

Eddies in Air. H. Nisi and A. W. Porter . 207 

Einstein's and Newton's Equations of Motion. L. Silberstein. 1079 

„ Gravitational Theory, see section Gravity. 

Elastic Stresses in an Isotropic Body. R. F. Gwyther.2419 

Energy Values. Special, in Mechanical Systems. A. Klose. 22 

Equipartition of Energy in a System Comprising Vibrating or Rotating 

Particles, Inapplicability of. G. Jafl£ . 2897 

Explosions under Water. Mass-Movement in. C. Ramsauer . 11 

Flight. Soaring. N. V. Karpen . 394 

Flow of Gas through a Jet. B. L. Montel and E. FoA . 10 

.. , Discontinuous, of Liquid past a Wedge of Small Angle. W. B. Morton .. 2653 

Fluid Friction and Heat Transference. T. B. Morlcy. 2294 

,. Streams, Stability and Turbulence of. \V. Heisenberg. 2902 

,, , Resistance by. in Turbulent Motion. J. M. Burgers. 409 

Friction Theory, Internal, of Shaft Whirling. A. L. Kimball . 1666 

.. , Internal, in Glass and Quartz Filaments. A. Pazziani and C. E. Guyc 2386 

., , Sliding. Variation of Coefficient of. with State of Surfaces in Contact. 

M. Fichter. 2387 

.. , Solid. Researches on. G. Sachs. 1667 

Graphical Methods of Calculation. C. Rungc. 2385 

Gravitation and Newton’s Third Law. G. Mancff. 2446 

,. , see separate section. 

Hydrodynamic Similarity. C. Camichel and L. Escandc . 749 

Hydrodynamics. Similitude in. L. Escande and M. Ricaud. 1672 

Impact of a Pair of Bars of Steel and Copper. Duration of. E. W. Tschudi ... 2417 

Impacts. Duration of. J. E. P. Wagstaff . 2001. 2899 

Impulse. Conservation of. during Stimulation and Ionisation-Shock. G. Joos 

and H. Kulcnkampff.. • • • 2669 

Inertia of a Sphere Vibrating in a Liquid. Determination of. N. C. Krishnaivar 746 

Internal Pressures of Solids and Liquids. T. W. Richards. 2428 

Stress in Brass Tubing. R. J. Anderson and E. G. Fahlman . 2420 

Irregular or Polygonal Periodic Functions. L. Laboccctta . 2656 

Kepler Ellipse. Adiabatic Transformation of. into the Harmonic Ellipse. H. 

Geppert. 2429 

Laminar Shearing Motion, Stability of. in a Viscous Incompressible Fluid. 

R. V. Southwell. 2662 

Law of Fall of a Sphere through a Gas and the Nature of Molecular Reflection. 

R. A. Millikan ...... 208 

Light. Velocity of. M. la Rosa . 2470 

Long Waves in Canals of Varying Section. Equation of. N. Sen . 2900 

Lubrication, xnlp Function: Does it fit the Facts ? A. E. Becker . 2894 

Mass as a Function of Gravitational Potential. A. H. Bucherer. 26/4 

Metals, Valve Method of Detecting Slipping in. C. Handford. 1995 

Molecular Fields and Cohesion. H. Chatley .. 2426 

Motion of Fluids, and Minimum Energy. W. Hovgaard . 404 

.. of Solid Bodies in Rotating Fluids. G. I. Taylor. 12 

„ , Optical Effects of. P. Zeeman. 2225 

., , Suitable Example of. in General Problem of Three Bodies. K. Bohlin 2656 

Moving Continuous Media. Electromagnetic Waves in. L. Roy. 2577 

Non-Metric Tensor Calculus. A. Buhl. 2929 

Optical Collineation without Reference to Metrics. L. Silberstein .. • • 2037 

Paradox of d'Alembert. U. Cisotti..... 2668 

Pendular Systems and Horizontal Acceleration. M. Schuler. 3 

Plate with a Circular Hole. Stresses in. S. Timoshenko.. 1668 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 


Dynamics and General Mechanics, continued. 

Potential Theory. Hypothesis of. A. Tauber . 1092 

. Euler’s Knowledge of Idea of. R. Brennekc. 2427 

Powders. Variation of Pressure with Depth in Columns of. J. H. Shaxby and 

J. C. Evans. 192 

Precession of a Rounded Body Rolling on a Table. G. Greenhill. 1056 

Projectile, Initial Motion of. E. T. Hanson . 747 

Propagation of Light and Several New Investigations of Rudolph Tomaschck. 

Ballistic Principle in. M. la Rosa. 2903 

Quantum Mechanics. M. Born . 2077 

Radiation Pressure and Adiabatic Invariance. Dynamical Illustrations of. 

T. H. Havelock . 2005 

Real and Apparent Velocities. A. V. Douglas . 2459 

Relativistic Dynamics treated by Hamilton-Jacobi Method. Central Orbits in. 

G. Temple. 2070 

.. Motion of Rigid Solid. G. Lemaltre . 2071 

Relativity, see separate section. 

Resonance. Torsional, of Shafts. C. Platrier. 2003 

Rotating Shaft poised on Two Cushions. Movement of. C. Melli . 8 

Rotation of a Sphere in Rarefied Gas. G. Breit. 2004 

Selection Principle. C. N. Wall. 2923 

Series Electrons in the Sodium Atom. Orbits and Transition Probabilities of. 

W. Thomas. 2431 

Settling of Small Particles in a Fluid. M. Mason and W. Weaver . 1(170 

Shaft Whirling. Internal Friction Theory of. A. L. Kimball. 1000 

de Sitter Space-Time. P. du Val. 2204 

dc Sitter’s Space-Time. Curvature Invariant of. L. Silberstein . 2203 

Space-Time. Curvature Invariant of. L. Silberstein . 2924 

.. .. .. • H. Weyl . 2078 

Spheres, Resistance experienced by. in their Motion through Gases. I*. S. 


v... . 

Spherical Bodies of Unequal Diameter and Densities at Very 1-ow Velocities. 

Collision of. D. B. Dcodhar. 289H 

Source in a Rotating Liquid. S. F. Grace. 2424 

Spinning Rod. Spontaneous Loss of Energy by. A. S. Eddington. 1086 

Stars of Spectral Class R. Radial Velocities of. R. F. Sanford. 2409 

Stress Distribution. Optical Investigation of. W. Bimbaum. 2418 

Thermal Stress. Theory of. in Cylinder. T. Matsumura. 400 

Two-Dimensional Elastic Problems, Approximate Solution of. S. Timoshenko 2416 

Velocity of Particles of Coal Falling in Air. J. Hlizard . |373 

Vibrating Bodies in Fluids. Motion of. G. Mayr . 1050 

Disc. Reaction of Air to. E. T. Hanson . 0 

Vibrations. Damped. C. F. Jenkin and W. N. Thomas . 1053 

.. , Superposed, Energy Fluctuations from. M. Planck . 1067 

. Torsional, in a Shaft. C. Platrier. # . 2002 

Virtual Velocities and Theory of Elastic Structures. E. H. Lamb_’. 2898 

Wave-Motion in Three Barotropic Fluid Strata. L. HOgberg. 1073 

.. Models having '* Dispersion '* and " Filter ’* Properties. T. B. 

Brown. 1372 

,, . Quasi-Static, in Barotropic Fluid Strata. V. Bjerknes. 1071 

Wave-Power Transmission. E. A. Barclay-Smith. 2901 

Waves due to a Single Impulse in Deep and Shallow Water. G. Green. 723 

.. . Surface. F. M. Exncr . 726 

Whirling of Shafts. J. Frith and P. Buckingham . 760 

Young’s Modulus at High Temperatures. C. H. Lees. J. P. Andrews and 

L. S. Shave. 2895 


Elasticity ( see also section Metallography). 

Airy Potential Function. W. Gauster. 2423 

Aluminium at High Temperatures. Tensile Properties of. T. Martin. 2410 

Bending Stresses in Thin-Walled Tubes. J. Case. 737 

., . Theory of. W. Hovgaard. 208 

Celluloid. Elasticity of. with Reference to Optical Stress-Measurement. 

H. E. I.. Martin. 1051 

Compressibility of the Alkali Halides. J. C. Slater. 1009 

Copper Wire. Experiments on. I). H. Ingall . 1374 

l'or the Explanation of this Index see p. 1154. 
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Abstract No*. 

Elasticity (see a/so section Metallography), continued. 

Copper, Commercially Pure, Relation between Tensile Strength and Electrical 

Resistivity of. W. E. Alkins.. 3047 

Elastic Deformation of a Thick Plate. C. A. Garabedian. Mesnager.1050 

., Distortions. I. Terni.. 1369 

,, Impact of Pianoforte Hammer. S. Bhargava and R. N. Ghosh. 2304 

Elasticity and Internal Pressure. K. v. Terzaghi . 1049 

.. of Colloidal Solutions. A. Szegvari.2174 

Energy Relation, Value of. in Testing of Ferrous Metals. T. M. Jasper . 202 

Equations of Elastic Stress, General, Solution of. R. F. Gwyther. 1674 

Glass. Elastic Constants of Focal Line Method of Determining. G. F. C. Scarle 469 

Hardness, Measurement of. Plaut ... 730 

Internal Stress in Brass Tubing. R. J. Anderson and E. G. Fablman . 2420 

Isothcrmals of Some Gases (N,. O,. H t . A and He. etc.), up to 400° C. and their 

Significance for Gas Thermometry. L. Holborn and J. Otto. 1849 

Jellies and Electric Deformation. Elasticity of. F. Michaud .. 1364 

Mercury, Equation of State and Compressibility of. K. K. Jarvincn . 1850 

Metals, Elasticity of \Y. Geiss. 378 

... , as Affected by Temperature. C. Schaefer . 203 

Organo-Gels of Cellulose Acetate. Elasticity of. E. W. J. Mardles. 343 

Photo-clastic Constants of Celluloid. Glass and Quartz. P. Heymans and VV. P. 

Allis. 746 

Plasticity and Elasticity. E. C. Bingham. 1306 

Rocks. Thermal Conductivity and Compressibility of. P. W. Bridgman .... 1063 
Selenium Crystals. Coefficient of Rigidity and Young's Modulus for. L. P. Sieg 

and R. F. Miller. 205 

Stress-Strain Problems by Means of X-rays. Study of . 757 

Temperature on Properties of Metals. Effect of. A. Mallock . 1836 

Torsion Modulus of Eureka Wire when Stretched. J. B. Deodhar. 1048 

Tungsten Wire, Incandescent. Rigidity of. W. Schricver. 1005 

Two-Dimensional Elastic Problems, Approximate Solution of. S. Timoschcnko 2415 
Vibration (Acoustic) Figures of Rolled Plates, after Rccrystallisation, Altera¬ 
tion of. E. Schroder and G. Tammann. 2363 

Vibrations, see also sections Sound and Dynamics. 

Virtual Velocities and Theory of Elastic Structures. E. H. Lamb. 2896 

Young’s Modulus and Atomic Volume. A. Portevin... 384 

Zinc and Iron, Time Law of Inelastic Deformation of. O. Brezina . 204 

Electric Furnace Processes. 

Zirconium. Fused, Preparation of. H. S. Cooper.1637 

‘Electrolysis. 

Adsorption and Cataphoresis. K. v. d. Grinten .. 2842 

Alloys Sb-Cu and Sb-Bi, Electrolytic Deposition of. A. Mazzuchclli and Lucia 

Tonini ..._... 

Alternating Current in Direct-Current Electrolysis. W. B. Jones. 704 

Aluminium Anode, Electrolysis with. F. H. Jcflery . 708 

, Electrolytic Protective Oxide Coating on. A. Gflnther-Schulze .. 2648 
Analysis. Separation, and Estimation (Electrolytic), see section Electrolytic 

Anode Effcctflnvestigation of. K. Arndt and H. Probst . 169 

Anodic Polarised Platinum Electrodes. Influence of Light and Rdntgcn Rays 

on. G. Grubc and L. Baumeistcr. 2375 

„ Processes. Influence of Obstructive Films on. U. R. Evans. 2641 

Antimony, Electro-deposition of. J. C. Ghosh and A. N. Kappana . 747 b 

Bubbles, Electrolytic, Electrostatic Phenomena in. A. Coehn and H. Neumann 713 
Case Hardening. Prevention of. by Copper Plating. J. C. McCullough and 

O. M. Reiff. . . 2870 

Catalytic Action of Nitrous Acid. W. D. Bancroft. . . . .. 3097 

Cataphoresis of a Sphere. E. Huckel .. 2196 

Cataphoretic Migration of Suspended Particles. P. Debye and E. HOckel .... 1631 

Mobilities of Oil Drops in Water. M. Mooney.. 1969 

Caustic Soda, Absorption of CO, by. during Electrolysis. C. F. Holmboe ... 702 

Chlorate, Electrolytic Production of. G. Grube and A. Burkhardt. 1642 

Chlorination. Electrolytic and Chemical, of Benzene. A. Lowy and H. S. Frank 1639 

Chromic Acid, Periodic Phenomena in Electrolysis of. J. E. Liebreich. 1976 

» . .. ». on Electrolysis of. A. Klefiner .j .- *99 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Electrolysis, continued. 

Chromium-plating of Steel with Chromium Anodes. K. W. Schwartz . 2380 

, Behaviour of. during Electrolysis. N. Isgarischew and A. Obruts- 

chewa. 700 

.. . Electro-Chemical Behaviour of. X. Bauman. 3005 

.. . Electrolytic Deposition of. K. Oy.ibu . 711 

Colloids in Electrolysis and Overvoltage. C. Marie and K. Audubert . 1043 

Concentration Cells and Electrolysis of Sodium Ethoxide Solutions. M. Shikata 2805 

Corrosion, Electrolytic Theory of. W. D. Bancroft. 3075 

.. . .. . in a Water Gas-Holder. F. H. Rhodes and E. B. 

Johnson. 2851 

, Paradox in. U. R. Evans . 2354 

.. . Submerged, of Steel. Effect of Hydrogen-Ion Concentration on. 

W. G. Whitman. R. P. Russell and V. J. Alticri. 2855 

Depolarisation of the Chlorine Electrode by Organic Compounds. M. A. Youtz 1020 
Deposition of Iron containing Carbon by Electrolysis of Iron Oxalate. W. 

Sontag. 2378 

Diaminodiphenylsulphone. Preparation of. J. Licroix . 1843 

Electric Field of the Electrolytic Cell. A. A. Ahmed . 1530 

Electric Sup intension. A. Smits.... 2105 

Electrical Field, General Formulation of Movement in. Mary E. Laing. 2S71 

Electro-deposited Metals, Crystalline Form of. W. Blum and II. S. Rawdon . 2377 
Electrode Potential. Significance of. Reply to Criticism of J. A. V. Butler. 

J. Hcyrovsk> v ..,. 2187 

.. . Reversible. Mechanism of. E. K. Rideal. 2030 

,, , Ultra microscopic Observations of. V. Kohlschlittcr. 1074 

Electrodiffusion, a Gillet . 174 

Electrolytes under High Frequencies. Conductivity of. J. (•miner . 2334 

.. . Binary. Theory of. W. Scmcntsclicnko . 30110 

.. . Dielectric Constants of Solutions of. O. Bluli. 2587 

.. , Strong. Constitution of. C. Druckcr and G. Kicthof . 2014 

Electrolytic Cells at Radio Frequencies. Polarisation Capacity and Resistance 

of. C. B. J oil i lie. 004 

.. Double Layer. Problem of. J. E. P. Wagstaif . 2105 

.. Ions, Anomalous Mobility of. II. Schmick. 2374 

.. Potential ol Calcium. M. Tamclc . 2180 

.. Reduction of Tungstic Acid in Hydrochloric Acid Solution. O. 

Col Ion berg and J. Backer. 2101 

Solutions. Dielectric Constants of. P. Walden and H. Ulich .... 2584 

Electrolytically Chromium-plated Metals. E. Liebreich . 2370 

.. Prepared Sheet Metal. Union of. G. Eger. 2103 

Electromotive Behaviour ol Magnesium. A. Smits. 2101 

.. Equilibrium and Polarisation. A. Smits . 2035 

Electrosmosis and Electrophoresis. O. C. Ralston . loll 

Iiugenol, Electrolytic Oxidation of. A. Lowy and Catherine M. Moore . 1038 

Fused Electrolytes, Conductivity of. W. Blitz and W. Kleinm . 2040 

Salts. Electrolysis of. R. Lorenz. 2808 

Gold Oxidation, Anodic. P. Jirsa and H. Jclinek. 2050 

Hydrogen Ion Concentrations with Glass Electrode. Determination of. 

A. L. v. Steiger . 2038 

.. Ions. Velocity of, in Gels. N. Isgarischew and A. Pomcranzewa .. 1037 

.. Overvoltage of Metals and their Characteristic Properties. E. J. 

Weeks . 3085 

.. Overvoltage of Zinc. G. M. West rip . 2102 

.. . Pure. Electrolytic Generator for. Fdvcdcn and E. Sinkinson . 1042 

Industrial Electrolysis. Plating and Refining, see Section II. 

Intermittent Current Electrolysis and Overvoltage. S. Glasstonc . 170 

Iron. Electrolytic. Corrosion of. W. E. Hughes . 707 

Irreversible Electrode Phenomena. H. J. T. Ellingham and A. J. Allmand .. 2032 

Jellies and Electric Deformation, Elasticity of. F. Michaud. 1304 

Rat liodic Behaviour of Alloys. S. Glasstonc . 3082 

Ketones, Kathodic Reduction of. C. Schall and W. Kirst ... 710 

Lead, Dissolution of. in Caustic Alkali by Alternating Currents. F. Jirsa and 

J. Fabinger. 1075 

.. . Electrolytic Crystallisation of. V. Kohlschuttcr and F. Ucb?reax . 1073 

Manganese, Electro-deposition of. A. J. Allmand and A. N. Campbell. 2010 

For the Explanation of this Index see p. 1161. 
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Electrolysis, continued. 

Manganese, Electrolytic, Properties of. A. N. Campbell . 1045 

Mass Action Law in Ionised Systems. W. Wessel. 2872 

Measurement of Inaccessible Potentials with a Controlled Oxygen Electrode. 

A. K. Goard and E. K. Rideal . 2633 

Mercury-dropping Kathode. Processes at. J. Heyrovsky. 2639 

Metallic Electrolytic Deposits. Fibrous Structure in. R. docker and E. Kaupp 2197 

Nickel Deposition studied by Contractometer. E. A. Vuilleumier. 1328 

,, in Disperse Form, Electrolytic Deposition of. F. Thorln . 1640 

„ , Influence of Temperature on Polarisation of. S. Triandafil . 2647 

Ortho-Amidophenol and Ortho-Nitrophcnol, Electrolytic Preparation of. 

O. VV. Brown and J. C. Warner . 364 

Overvoltage Compounds, Life Period of. E. Newbcry . 1967 

„ in Electric Reactions . 2875 

„ Measurements. H. J. S. Sand and F. J. Weeks . 706 

„ of the Lead Electrode. S. Glasstone . 705 

„ on Hydrogen-Ion Concentration, Dependence of. H. J. S. Sand 

and E. J. Weeks . 1636 

„ , Effect of Current Density on. M. Knobel. P. Caplan and M. 

Eiscman . J968 

,, , Effect of Pressure on. S. J. Birchcr and W. D. Harkins. 163a 

„ , Temperature on. M. Knobel and D. B. Joy. 2376 

„ , Gas Film Theory of. N. V. S. Knibbs . 2644 

. Influence of Fluorides on. N. Isgarischew and-D. Stepanow- 1634 

., . Measurement and Cause of. S. Glasstone . 2043 

. of. S. Glasstone . 1633 

„ . Oxygen, of Artificial Magnetite. H. C. Howard... 1329 

Oxidation Potentials of the Molybdenum and Tungsten Octocyanides. O. 

Collenbcrg. J189 

Oxygen. Catalytic Electrolytic Generation of. C. G. Fink. ••••••• - 

Para-Aminophcnol, Electrolytic Preparation of. J. C. Warner and O. W. Brown 709 

Passive Tin. R. Stcinhcrz . 235a 

Passivity and Kathodic Overvoltage. E. Licbreich and W. Wiederholt .f 

.. of Iron Electrodes. C. F. Holmboc . 1032 

„ ,, . Effect of Short Circuits on. C. F. Holmboc. 70* 

,. of Metals, with Particluar Reference to Iron. W. J. MOIlcr .aOJW 

Phase Boundary Potentials. L. Michaclis and A. Fujita.... 

.. . Thermodynamic. Theory of. E. Abel. 263U 

Photo-voltaic Cell. Behaviour of Silver Iodide in. A. Garrison ........... • 

Polarisation Capacity and Phase Angle, Direct Measurement of. C. W. Miller 19b 
(Electrolytic), see also separate section. . mu 

Potassium Olcatc, Electrolysis of. G. W. F. Holroyd and J. E. W. Rhodes .. 1<>« 
Potassium-Sodium Alloys. Electrolysis of. R. Kremann and R. G. v. Rchcn- ^ 

Potential Difference at the Boundary of Two Phases. D. Rcichinstcin.2188 

Potentials, Electrode, in Non-Aqueous Solutions. E. Baur. 20 

Precipitates. Electrolytic Purification of. A. Charriou.. 

Rectifier, Electrolytic, see also section Polarisation (Electrolytic). 

Separation of Metals. Electrolytic, Apparatus for. A. Lassieur. 

Short-Circuit Effect. Electrolytic. C. F. Holmboc .... •••••••• 105W 

Soda-Lime Glass. Electrolysis of. I. Evolution of Gas and its Relation to 

Sorption and Conductivity. J. W. Rcbbcck and J. B. Ferguson .31UU 

Sodium Chlorate. Oxidation of. H. G. Howard .... 

Solid Electrolytes. Migration of Ions in. M. le Blanc and M. Krbger.... 

Strong Electrolytes. Theoty of Debye applied to Dilution and Partition Co- 

efficients of. P. Gross and O Halpern ..... 30'4 

Structure in Electro-deposited Metal. W. E. Hughes.• • 270B 

Suspensions of Electrolytes added in Quantities too small to effect Floccula- 

tion, Protective Effect on. A. Boutaric and (Miss) G. Perreau. 

Thallium Sulphate, Oxide formed during Electrolysis of Solutions of. A. 

Gutbier and W. Dieterle. 

Tin Baths, Acid, Electro-chemistry of. F. Halla.. • • • I03U 

Transference Numbers and Ionic Complexity of Hydrofluoric Acid Solutions. 

C. W. Davies and L. J. Hudleston.. • 1026 

,, Numbers of Hydrochloric Acid. Influence of Gelatin on. W. G. 

France and W. H. Moran. 1624 

For the Explanation of this Index see p. 1154. 
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Electrolysis, continued. 

Transference Numbers, Determining. D. A. Mclnnes and E. R. Smith. 698 

Volta-Luminescence. J. Lifschitz. 1327 

Zinc. Electroplated, and Diffusion of Deposits into Zinc. W. G. Traub. 1046 

„ , Hydrogen Overvoltage and C.D. in Electro-deposition of. U. C. Tainton 703 

Electrolytic Analysis. 

Acidity and Alkalinity, Electrometric Measurement of. W. T. Bovic. 1614 

Air Electrode. Use of. G. S. Tilley and O. C. Ralston. 1963 

Antimony. Electrolytic Estimation of. A. Lassicur. 168 

Arsenic, Single Potential of. L. Kahlenbcrg and J. V. Steinlc . 2373 

Dissociation of Acids in Alcohols. E. Schreiner. 2873 

Electrometric Acid Titration. F. Auerbach and E. Smolczyk. 2637 

.. Study of the Hydrolysis of Salts. P. Job. 2864 

Electrometric Titration of Chromic Acid, using (a) the Hydrogen Electrode. 

and ( b ) the Oxygen Electrode. H. T. S. Britton . 3096 

.. Titration of Iodatc, Bromate, Chlorate and Fcrricyanide with 

Titanous Sulphate. W. S. Hendrixson. 165 

Electromotive Force of a Hydrogen Calomel Cell. Effect of Hydrogen Pressure 

on. W. R. Hainsworth. H. J. Rowley and D. A. Mclnnes . 2372 

Electro-titration with the Aid of the Air Electrode. N. H. Furman .. 1621 

Free Energy and Heat Content of Arsenious Trioxidc and the Reduction 

Potential of Arsenic. R. Schumann . 2370 

Glasses, Electromotive Properties of. H. Schiller . 2371 

Hydrolytic Reactions. Inorganic. G. S. Tilley and O. C. Ralston. 1963 

Oxidation and Reduction Potentials of Organic Compounds. E. Biilmann ... 2631 

Quinhydrone Electrode as Comparison Electrode. S. Vcibel. 363 

Separation of Bismuth and Antimony. A. Lassicur . 1047 

,. of Silver. Copper and Bismuth by Graded Potentials. A. Lassicur 1628 
Thallium Sulphate, Oxide formed during Electrolysis of Solutions of. A. 

Gutbier and W. Dicterle.... 712 

,, , Estimation of. by Anodic Deposition of Thallic Oxide. W. Dicterle 1038 

Tungsten Wire for Hydrogen-Ion Determinations. I. R. Bay lift.. 362 

Vanadium and Uranium. Electrometric Estimation of. E. Muller and A. Flath 1040 

Electromagnetic Theory. 

Auto-Transformer and Impedance as Tensor. W. H. Ingram. 2344 

Deformations of Liquid Streams carrying Powerful Currents. L. Lombardi.. 152 

Dielectric in the Light of the New Theory of the Atom. G. Jacoby . 2020 

Electric Fields Due to Motion of Tubes of Magnetic Induction. L. Kncissler.. 2598 

Electrodynamics. Atmospheric. F. Schindclhaucr. 2211 

Electromagnetic Equations as Basis of Einstein’s Quadratic Form. R. 

Hargreaves. 2563 

., Equations of Dimensions. E. Brylinski. 2305 

„ Field of Bodies in Motion. P. Gruncr . 1403 

,, Induction in a Homogeneous Solid Conducting Sphere. A. 

Marcus. 2309 

„ Laws. Carl Hering on. L. BrOninghaus. 301 

„ Theory of Rotatory Polarisation. H. Chipart. 2067 

Electron in Movement. Electromagnetic Field of. F. J. dc Wisniewski. 2562 

,, in Quantum Theory. Explosion of. C. E. Guyc .. 2307 

.. Theory of Aberration and Ix>rentz Transformations. 1). N. Mallik . 3018 

.. . Electromagnetic Field of. in Movement. F. J. dc Wisniewski. 584 

Electrons. Scattering of. by Positive Nucleus. C. Davisson. 311 

.. , Two. Mutual Mass of. E. Persico. 923 

Equilibrium and Deformation of Conducting Systems Traversed by Currents 

and of Magnetic Bodies without Hysteresis. A. Lienard . 1248 

Fitzgerald-l^orcntz Contraction and Paschsky's Theorem. N. v. Raschevsky 585 
Liquid Streams carrying Powerful Currents. Deformations of. L. Lombardi . 2599 

Magnetic Fields. Graphical Determination of. T. Lehmann . 126 

.. .. , Intrinsic. L. Page. 686 

.. Force produced by Circular Electric Current. E. Mathy. 309 

Magneton Numbers and Atomic Structure. J. Dorfmann . 2008 

Maxwell Equations. Possible Solution of. F. J. v. Wisniewski. 3016 

Maxwellian Radiation. Dielectric Properties Required for. A. Press. 3016 

Moving Continuous Media. Electric Currents in. L. Roy. 2300 

Poincart Electron in Weyl’s Geometry. Space-Time Forms of. J. Marshall .. 299 

For the Explanation of this Index see p. 1154. 














































1182 


SUBJECT INDEX. 


Electromagnetic Theory, continued. 

Potential. Intrinsic, Effect of Transition Layer on. P. V. Wells. 18G2 

Poynting’s Theorem and Kay Propagation in Optically Active Media. H. 

Chipart . 20G6 

Prolate Iron Spheroid Rotating in a Magnetic Field. Charging Effect of. 

E. Lawrence...21 GO 

Rayleigh Reciprocal Theorem. Generalisation of. J. R. Carson .3017 

Scattering of Light in Fluids. Electromagnetic Theory of. K. R. Ramanathan 2488 
Spherical Electric Layer. Inertia of. and Emission of Quanta. C. E. Guye ... 2308 
Thermal Energy of Electrons in Metals. E. D. Eastman. A. M. Williams and 

and T. F. Young. 2128 

Transformation of Electric and Magnetic Forces. V. Karapetoff.2130 

X-Ray Corpuscular Emission from Iron in a Magnetised and Unmagnetised 

State. G. A. Carse and D. Jack .2161 

Electro-Physiology and Electrotherapeutics, Radio-Therapy and 
Radiography. 

Electricity to Medicine and Surgery. Application of. G. Panbianco . 1005 

Lamps, Vacuum. Illumination of by Friction. H. Cardot and H. Laugier.... 1270 
Radiography. Cinematographic, of the Human Heart. Comandon and Lomon 1587 

Radiologist. Protection of. P. Angebaud . 3007 

Radiometer, Clinical X-ray Balance. L. H. Clark. 2841 

X-ray Diagnosis. Use of Heavy Gases in. R. Ledoux-Lebard, A. Lcpape and 

A. Dauvillier. 672 

,. Protective Materials. Measurements upon. H. Frankc. 1004 

.. Technique. Recent Advances in. M. A. Codd . 1088 


Therapy. Experiments with Modem Plant for. E. Pugno-Vanoni .... 1076 b 


Freezing-, Melting-, and Boiling-Points. 

Apparatus for Determining Melting- and Freezing-Points. E. W. Washburn . 1843 
Boiling-Points of Oxygen. Nitrogen and Hydrogen. F. Henning and W. Hcusc 1846 
Melting-Point Determinations, Comparison of Heating-Curve and Quenching 

Methods of. G. W. Morey . 892 

-Point of Ice. L. B. Smith and R. S. Taylor..'. 118 

., -Points. New Standard, at High Temperatures (K,Cr,0 T , KC1, NaCl, 

Na,S0 4 , K,S0 4 . Ca,B,0 4 ). H. S. Roberts. 1844 

Three-Temperatures Rule. C. Porlezza. 896 

Tungstein. Emissive Power and Melting-Point of. A. G. Worthing. 1608 

Water. Freezing of. in Capillary Systems. E. A. Fisher. 1610 

Gases and Vapours (see also section Thermodynamics). 

Adiabatics. Construction of. tor Large Temperature Changes and Variations of 

Cp : Cv. F. Magyar. 2990 

Air-Water-Vapour Mixtures, Diagram for. R. Mollier . 7 ® 

Argon, Crystal Structure of. F. Simon and C. v. Simson. 2442 

Association. Evidence of in Carbon Dioxide from the Joule-Thomson Effect. 

F. G. Keyes ... 2809 

Atoms of the Inert Gases. Diameters of. J. E. Calthrop . 2001 

Chemical Constants of Chlorine. Bromine, and Iodine in the Mono- and Di¬ 
atomic States. K. Wohl.•. 3091 

., Constants of Monatomic Gases. F. Simon . 3092 

Compressibility of Gases under High Pressure. P. W. Bridgman. 1366 

Condensation of Supersaturated Rarefied Vapours. L. Wertenstein . 1073 

Diatomic Gases at Low Temperatures. Thermal Molecular Conductivity and 

Molecular Heat of. E. Schreiner. 2992 

Dispersion and Scattering of Light by Molecules. L. V. King . 246 

Dissociation under a Temperature Gradient. P. A. M. Dirac . 2624 

Effusion of Some Vapours. Experiments on. E. Voss. 1367 

Electro-chemistry of Gases. S. C. Lind . 1949 

Entropy of Real Gases. Absolute Value of. V. Njegovan. 2299 

Equation of State of a Gas. J. E. Jones. 2298 

Equations of Movement of a Gas. Y. Rocard . 2296 

Flames containing Metallic Vapours, Electrical Conductivity of. E. Zachmann 2836 

Flow of Compressible Fluids, treated Dimensionally. W. N. Bond . 3006 

Gas Degeneration (Gasentartung) and the Zero-Point Energy. Theory of. 

K. Bcnnewitz...... 2805 

Gaseous Systems, Thermal Method for Study of. G. Piccardi. 2543 

For the Explanation of this Index see p. 1154. 
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Gases and Vapours (see also section Thermodynamics), continued. 

Hydrogen, Chemical Constant of. W. H. van de S. Bakhuyzcn. 

Imperfect Gases. N. Carrara. 

Internal Heat of Vaporisation. Relations concerning. J. E. .Mills and P. K. 

Smith... 

Ionisation. Thermal, of Gases. R. Becker. 

Joule-Thomson Effect in CO t . E. S. Burnett. 

.. . Report on. H. M. Davis.• • 

„ .. . Work at Harvard University on. R. V. Klcinschmidt 

Kinetic Theory of Viscosity. Conduction and Diffusion. S. Chapman and 

W. Hainsworth . 

Properties of Gases in High and Low Vacua. E. Rutherford . 

Quanta, the Kinetic Theory of Gases, and the Principle of Fermat. L. dc 

Broglie. 

Quantum Theory of Monatomic Perfect Gases. G. Schay . 

Statistical Entropy and Molecular Number. L. Nordheim.-.. 

Theory of Spontaneous Fluctuations in Energy. Pressure, and 

Density. K. C. Kar.... 

Temperature. Critical, in Condensation of Metal-Vapours. J. Chariton and 

N. Semenoff.. •;. 

Vapour Composition and Vapour Pressure in Binary Mixtures. \V. K. Lewis 

and E. V. Murphrec . •■••••• • • • • • • ■ ■ • ■ • • .. 

., from Solution. Temperature of. O. Knoblauch and H. Reiher. 

. ... F Pollitrer. 

. ... K. Schreber . 

Pressure, see separate section. „ , .. . . 

Pressures and Composition of Vapour of Aqueous Solutions of Hydro- 
chloric and Hydrobromic Acids at Different Temperatures. M. Wrewsky. 

N. Sawaritzky and L. Scharlof!. •••••• • • • •. 

Volume Changes of Gases under High Pressures. P. W Bridgman. 

van dor Waals* Equation. Significance of. J. H. leans . 

.. . Value of •' b ” in. W. Herr. . ••••••• • • • • • • • 

Water-Vapour computed on Basis of its Specific Heat. O. Knoblauch. 

E. Raisch and H. Hausen.. 

„ . Viscous Properties of. C. J. Smith. 

Gravitation. 

Cosmology. Stationary, in the Sense of Einstein s Gravitational Theory. K. 

Lanczos....... 

Dynamical Theory of Gravitation, see also section Dynamics. 

Einstein Effect and Deflection of Light, see also sections Astronomy ami 
Relativity. 

Gravitational Theory. Solutions in. W Alcxandrow. 

Einstein's and Newton's Equations of Motion, L Sillierstcin .. 

Electric Field of Sphere surrounding a Centre of Gravitation. G. Mie . 

EfttvOs Balance. W. Schwcydar. 

Gravitation. A. S. Eddington. 

„ and Inertia. F. Riedinger. ( 

and Newton's Third I.aw. G. Mancfl ...• ■ 

„ upon Light from the Stand|>oint of the Ether Theory, Influence of. 

.. . Connection between Schwarzschild. Einstein, ami Trefltz's Solu¬ 
tions of Equations of. M. v. I^»uc . 

. Propagation of. E. Anding. 

Gravitational Anisotropy in Crystals. P. R. Heyl... 

.. Displacement of Fraunhofer Lines. C. E. St. John. 

Field at Surfaces of Discontinuity. N. Sen. 

Gravity and Magnetic Anomalies at Koursk. Russia. P. I-asarefl . 

.. Anomaly. Koursk. Central Russia. P. Lasarelf. 

.. at the Melbourne Observatory.^ E. F. J. I-ovc. 

Gradients in Tone Basin. I. Yamamoto. 

Taostasy. W. Bowie. 

Mackenzie Basin. Gravity Results in. A. H. Miller. 


Mass and Weight. Proportionality of. H. H. Potter.* • 

as a Function of Gravitational Potential. A. H. Buchercr 


Matter in the Einstein Theory of Gravitation. K. Lanczos. 

For the Explanation of this Index see p. 1134. 
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Gravitation, continued. Abstract No.. 

Michelson Experiment. N. v. Raschevsky . jggp 

Ocean Depths. Measurement of. by Acoustical Methods. H. C. Hayes...'.... 1987 
Pendulum Observations. Dutch, in Submarines. J. I. A. Muller ... nvt 

de Sitter World. M. v. Laue and N. Sen.2011 

Temperature on Gravitative Attraction. Effect of. P. E. Shaw and N. Davy! 218 

terrestrial Magnetism and those of Gravity, Anomalies of. P. Lasareff. 3001 

Weight-Mass Ratios : New Gravitational Experiments. C. F. Brush . 375 

Inductance (Self and Mutual). 

Coils. Single-Layer. Alternating-Current Resistance and Inductance of. C. N. 

Hickman. 934 

Impedance Theorem. Campbell's Driving-Point. R. M. Foster. .....!!! 2343 

Impedances. Mutual, of Earthed Circuits. G. A. Campbell. 1291 

Measurements, see separate section. 

Interference. 

Achromatic and Superchromatic Fringes. C. Barus ... 474 

Colloidal Particles. Scattering of Light by. W. Shouleikin .2714 

Colour of the Sea. K. R. Ramanathan . 466 

Diffraction at the Edge of a Black Screen. E. Maey . 816 

.. by a Circular Aperture. S. Smith. 1779 

Effects in Spherical Aberration. 1. Fischer . 237 

.. Image of Two Close Luminous Lines of Finite Width. B. E. 

Mourashkinsky. 2264 

Image of Two Close Luminous Planes. B. E. Mourashkinsky- 476 

.. Images. X-ray. of Slits. B. Walter . 2787 

„ Interference. Peculiar. E. Maey. 1147 

.. .K. Noack. 1146 

Dispersion and Scattering of Light by Molecules. L. V. King. 246 

.. investigated by Interference Method. H. F. Dawes . 67 

Focal Length of Microscope Objectives and Number of Fringes seen in Con¬ 
vergent Polarised Light. Relation between. F. I. G. Rawlins. 251 

Fraunhofer Diffraction Phenomena. J. Barnes . 2739 

.. .. . Quantum Theory of. P. S. Epstein and P. Ehrcnfcst 1812 

y-Rays. Absorption and Scattering of. N. Ahmad and E. C. Stoner. 2632 

Grating Errors and '* Ghosts." R. W. Wood. 2726 

Interference Bands due to Mica in Infra-red Spectroscopy. C. F. Meyer and 

D. W. Bronk ..... 2083 

„ by Diffusion. F. Wolfers . 2736 

Figures by Transparent Crystalline Plates. F. E. Wright. 472 

Phenomenon. New. F. Wolfers. 2063 

Interferometer Fringes. Effect of Retarding Plate on. N. K. Sethi. 1430 

.. , Universal. A. E. H. Tutton .. 476 

Intorferometry, White-Light. Effective Wave-length in. F. Allison . 2032 

Jamin Interference Arrangement. E. Bratke and E. Wactzmann . 473 

Kirchhoff’s Theory of Diffraction. A. Rubinowicz . 1146 

Light-Scattering in Turbid Media. A. Carrelli. 2067 

Molecular Roughness of a Mercury Surface. R. Gans. 2028 

Optical Refraction in Gases in the Spectral Region between 6782-2442 A.U. 

B. Quarder. 2033 

Quanta. Light. Diffraction and Interference. L. de Broglie. 267 

Quantum Optics. G. Wentzel. 1436 

Scattering of Light by Carbon Dioxide. Nitrous Oxide and Some Organic 

Vapours. A. L. Narayan . 818 

.. of Light by Liquids : Polarisation and Intensity. W. H. Martin.. 1780 

.. „ by Smoky Quartz. N. K. Sur. 2243 

.. .. in Carbon Dioxide. C. V. Raman and K. R. Ramanathan 247 

.. .» in Fluids. Electromagnetic Theory of. K. R. Ramanathan 2488 

. in Gases and Liquids. A. S. Ganesan. 1412 

„ .. . Molecular, in Mixtures of Carbon Bisulphide and Acetone. 

J. C. K. Rav.. . 262 

Transparent Plates. Passage of Light through. A. Schuster . 2949 

Tyndall Phenomenon in Liquids. R. Gans. 1413 

Ionisation and Dissociation of Gases. 

Air. Mobilities of Electrons in. L. B. Loeb.•. 949 

„ . Negatk/e Ions in. V. A. Bai ley. \ . '..... 930 

For the Explanation of this Index see p. 1154 .. 
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Abstract No*. 

Ionisation and Dissociation of Gases, continued. 

Air, Negative Ions in. and Motions of Electrons in Gases. L. B. Loeb . 029 

Atmospheric Ionisation. A. Gockcl . 1252 

Atomic Oxygen, Resonance and Ionising Potentials of. J. J. Hopficld. 1401 

Chlorine and Hydrogen. Dissociation of. into their Atoms. K. Wohl . 1590 

Excitation and Ionisation Potentials of Gases. F. Horton ... 935 

,. Function. Luminous Impact and Illumination during Recombina¬ 
tion. R. Seeliger . 1445 

Flames containing Salt Vapours for H.F. Currents. Properties of. A. B. Bryan 1807 
.. for Alternating Currents. Conductivity of. H. A. Wilson and A. B. 

Bryan . 1800 

.. . Electricity in. H. A. Wilson . 1865 

Gas Dissociation and Free Path. E. Schrodinger. 1227 

" Glim ” Lamp as a Detector of Ionising Radiations. O. v. Bacyer and 

W. Kutzncr . 1275 

Helium. Ionisation by Collision in. J. S. Townsend and T. L. K. Ayres. 1539 

Hydrogen. Atomic. Radiation Potentials of. P. S. Olmstcad and K. T. 

Compton. 11 70 

. Critical Potentials of. in Presence of Nickel Catalyst. A. W. Gauger 1620 
Ionic Mobilities. Effect of the Gauze in the Franck Modification of the 

Rutherford Alternating-Current Method for Measuring. L. B. I-oeb .. 925 

Ionisation and Activation of Gases. K. T. Compton .. 1873 

.. and Resonance Phenomena. C. B. Bazzoni . 839 

„ by /9-particles. R. H. Fowler. 1257 

.. by Electrons with Speeds comparable with that of Light. Absence 

of. W.F.G. Swann . 1251 

.. Currents. Measurement of. R. Kegerreis . 1536 

.. of Gases (Helium. Neon. Argon. Hydrogen. Nitrogen, Methane) 

and Electron Impacts. A. L. Hughes and E. Klein . 1496 

.. Potentials. F. A. Saunders. I1J2 

., , Mechanism of. by Electronic Impacts. R. H. Fowler .. 12f>» 

Ionising Potentials of Helium and Some Multi-Atomic Gases (HCI, HBr. HI. 

II.O. NH,. H,. N,. (),). C. A. Mackay . 934 

.. Power of Electrons. L. L. Nettleton. 1872 

Ions from Hot Salts. O. Go*sm.-\nn . JJiW 

M Magnetic Lines,” Faraday's, as Quanta. Part II. H. S. Allen .. 2962 

Nitric Oxide, Gaseous Ions in Oxidation of. A. K. Brewer and F. Daniels .. 1874 
Nitrogen and Nitric Oxide. Impact Effects in. C. B. Bazzoni and A. T. Wnldic 1640 

Quinine Sulphate. Ionisation. F. Harms. 933 

Recombination of Gaseous Ions. J. J. Thomson. 1312 

Salt Vapours. Ionisation of. V. Kondraticff and N. Semenoff. 1541 

.W. M. Latimer . .. 1264 

Thermodynamics of the Ionisation of Monatomic Gases. R. Becker . 911 


Lenses and Optical Systems. 

Aberration. Longitudinal, in Aspherical Optical Systems. I. Roman. 471 

,. . Spherical, Diffraction Effects in. J. Fischer . 237 

Aberrations by Means of the Hilgcr Interferometer. J. W. Perry . 2246 

,. ol Microscope Objective. Measurement of. F. Twyman . 259 

., of Optical Systems. L. Lenouvcl . 2737 

Aperture. Axial Thickness and Form for a Single Lens. Relation between. 

T. Smith . 2483 

Astrographic Objectives. Study of. by Extrafocal Images. <». Demetrcscu .. 1431 

Astrolabe. Moving-Wire. V. Michkovitch and E. Mallein . 2493 

.. . Prism. Auto-registering Optical Micrometer for. R. Bnillaud - 2041 

Astronomical Lenses at Victoria. J. S. Plaskett . 1428 

Calculation. Practical, of I-cnses. P. Martinez. 8 Hi 

Crystal Sections by Conoscopic Methods. Examination of. C. W. Hawksley.. 2958 
" Diametral Plane ” in Elementary Geometrical Optics. Use of. C. H. l-ees.. 2485 
Diffraction, see section Interference. 

Disiicrsion, see separate section. 

Field. Investigation of. in a Hand Telescope. A. Wctthaucr. 2048 

Focal length of Microscope Objectives and Number of Fringes seen in Con¬ 
vergent Polarised Light. Relation between. F. I. G. Rawlins. 251 

Grating Fringes. V. Ronchi. 2253 

Hertz Gratings. C. Schaefer . 2139 

For the Explanation of this Index sec p. 1154. 
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Lenses and Optical Systems, continued. Abstract Nos. 

Hyperbolic Relation in Geometrical Optics. S. Bod6cs. 2056 

Image Curves Formed by an Object Glass. E. W. Taylor. !.!!!!!.! 466 

.. of a Diffraction Grating by a Microscope Objective. A. Driesen ...!! 465 
nterference Method, Wactzmann. of Investigating Optical Systems. E. Bratke 2249 

Lens vaults for Oblique Pencils. Eva Habcrland . 2484 

.. for Whole-Sky Photographs. R. Hill. !".!!!.!! 2729 

.. . Thin Double. T. Smith. U 31 

I-enses of Large Aperture for Stellar Spectrographs. G. W. Moffitt .....'.!.. 1423 

.. . Thin. Magnification Surfaces of. T. Smith. 1138 

Lummer Plate. Use of. G. Hansen. 2250 

Machine Calculation of Rays through a Lens System. C. W. Woodworth ... 248 
Measurements, see separate section. 

Meridional and Sagittal Formula?. E. D. Roc . 1767 

Microscope. Binocular. Inter-Ocular Distance in. H. Siedentopf .'. 1135 

Microscopes. Focussing Type of Dark Ground Illuminator for. C. Beck. 1136 

Mirrors. Focal Changes in. E. Pettit. 1130 

Nodal Slide Modification. T. Smith. 1774 

Object-Glass. Telescopic Triple, of High Relative Aperture. J. W. Gifford .. 1134 

Objective at Strasburg Observatory. A. Darjon . 2728 

.. . Clairaut-Mossotti. H. Chretien. 1137 

.. . Photographic, with reduced Stereoscopic Effect. J. Thovcrt. 1770 

.. . Thin Aplanatic, Calculation of. S. Nakamura . 2950 

Objectives. Photographic. Theory of Class of. E. T. Hanson . 1132 

Oblique Focal Distance. Formula? for. (Miss) A. Everett. 2044 

Optical Surfaces, Cinematic Study of Working of. C. D<v4. 2738 

Performance of Optical Systems. Method of Studying. V. Ronchi. 817 

Photographic Objective in England and America between 1800 and 1875. 

M. v. Rohr . 2742 

Photography, see separate section. 

Polarisation, see separate section. 

Position of Object and Image in a Simple Lens. E. Schwarez . 70 

Pnmarv Aberrations. Reference System for. T. Smith. 2245 

Prism Objectives. H. Cranz. 2252 

„ System for Small Broken Telescopes. G. W. Moffitt. 1424 

.. . Right-angled. Testing of. J. W. Nicholson and F. J. Cheshire. 1141 

Prisms, see also sections Dispersion. Refraction and Absorption (Light). 

.. . Total Reflection. H. Cranz . 1143 

Reflection, see separate section. 

Refraction, see separate section. 

Scattering of Light. A. Carrelli. 2487 

Studying Surfaces and Optical Systems. Method of. V. Ronchi. 463 

Telescope, Growth of. W. J. S. Lockyer. 1129 

.. , New 60-in. for Perkins Observatory. 1109 

Telescopes. Achromatism in. J. W. Gifford . 2248 

Telescopic Adjustments enabling Variable Magnification. L. Dunoyer. 2727 

Transparent Plates, Passage of Light through. A. Schuster . 2949 

Unit Curves of a Photographic Lens. Alice Everett. 71 

.. Magnification Surfaces of a Glass Ball. Alice Everett. 249 

Wactzmann Method for Investigating Optical Systems. E. Bratke. 1144 


Magnetism. 

Ageing. Magnetic, of Iron and Steel. T. E. Green. 991 

Alternating Flux in an Iron Core with Superposed Direct-Current Magnetisa¬ 
tion. H. Schunck. 506 b 

„ Magnetism. W. M. Mordey. 331 

Apparatus and Instruments, see also separate section. 

Atomic Magnetic Moments. W. Gerlach and A. C. Cilliers . 2063 

Moment of Oxygen. P. Weiss.. 148 

Cobalt-Chromium. Magnetic Quantities of. T. F. Wall. 1299 

Coils. Magnetic Field of Different Forms of. A. Salb ...... 679 b 

Compass, Historical Notes on. E. Wiedemann. 2361 

Cylinders, Soft-Steel, in Strong Magnetic Fields. P. Dejean. 2169 

Deformations of Liquid Streams carrying Powerful Currents. L. Lombardi .. R> 2 

Demagnetising Factors of Cylindrical Rods. J. Wurschxnidt. 066 


For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Magnetism, continued. 

Dielectric and Conducting Spheres. Natural Electric and Magnetic Oscillation 

of. C. Schaefer and K. Wilmsen .-.. • • .. 2878 

Electric Fields due to Motion of Tubes of Magnetic Induction. L. Kncissler . 2398 

Electromagnet. New. H. Boas and T. Pederzani. 988 

Electromagnetic Theory, see separate section. 

von Ettingshauscn Effect. E. Persico. 1298 

Ferromagnetic Constants for Weak Alternating Fields. H. Jordan. 2840 

Ferromagnetism. L. W. McKeehan.. • • • • • • • • 2801 

Gadolinium Sulphate at Very Low Temperatures. Magnetisation of. H. K. 

Woltier and H. K. Onnes.• ..* 91,8 

Sulphate. Magnetisation at Very Low Temperatures and Suscepti¬ 
bility of. H. R. Woltjer.• •.. 997 

Gyro-magnetic Ratio. Null Method of Measuring. W. Sucksmith and L. 1. 

Bates . 333 

Hall Effect, see section Conductivity (Electric). 

Helium and Argon. Gases. Diamagnetism of. G. Joos....... ; J' 

High-Frequency Rotating Magnetic Fields. Iron in. L. Tonks. 1933 

Hysteresis Loss in Asymmetrical Cycles. M. Paris . -. 49 

.. .Magnetic. Brylinski... •••••••; . ! 3 

, at High I-rcquencies. W. Kaufmann . 992 

” Control Field in. R. C. Gray... 1930 

Ironand Nickel at the Critical Temperature. Energy Change in. J. R. Ashworth -lo 8 

in Ferricyanidc of Potassium. Paramagnetism of. Paule Collet. 1384 

Losses and Maximum Induction. Jouaust and Miss Bourgoignon. 160 

., Molecules. Electric Dissymmetry of. A. Perrier and A. J. Staring . 882 

Magnetic Analysis. Elements of. E. H. Crapper ..... ■ •..... • .. 7 

., and Electrical lVoperties of the Ternary Alloys. Fe-Si-C. T. D. Jensen 2598 
Circuit containing Imperfectly Polarisable Material, Potential Energy 

in. L. Lombardi. 

.. Circuit of a Magneto. Energy in. N. W. Me Lachlan . J* 

.. Fields, Graphical Determination of. T. Lehmann . 12 » 

.. .. . Strong. Method of Producing P. L. Kapitza. 2696 

Instruments and Methods of Absolute Magnetic Measurements. 

CO "" Uncs!" Faraday',, as Quanta. Part II. H. S. Alien . 2982 

Measurements on Materials of High Initial Permeability. P. P. Ciofti 2839 
Moments of Rotation and Magnetic Molecular Orientation. R. Lucas 881 

.. Pull. Law of. T. Lehmann. 2380 

.. Rotation, see section Polarisation. 

.. Saturation of Iron-Coil, giving Intense Magnetic Fields. R. 1-ortrat 

and P. Dejean . 888 

,. Screen of Spirally Wound Iron Sheets. C. Benedicks . 147 

,. Testing of Small Specimens. T. F. Wall...». 1299 

., Viscosity. C. Lapp. *294 

,. Waves in Iron Rods and Rings. A. Karlsson. 1298 

Magnetite. Conductivity of. and Effect of Magnetisation. E. Wilson and E. r. 

1 Icrroun. * r »“2 

Magneton. Theory of. A. Sommerfcld. 888 

„ , Values of. P. Weiss.. • • • 2438 

Magnetostriction and Magnetoclcctric Effects in Iron. Nickel, and Cobalt. 

• P. McCorkic . 888 

,. , Effect of Crystal Structure on. C. W. Heajw. 883 

Measurements, see separate section. 

Nickel at Curie Point. L. Tieri. * 7 '* 

.. -Chromium Alloys. Magnetic Properties of. J. Safr&nck. 1296 

,. . Magnetic Isothermals of. P. Weiss and R. Forrcr. 1931 

., , Permeability«nd Hysteresis of. H. Pfccheux. 149 

Paramagnetism at Low Temperatures. L. C. Jackson... 886 

„ Independent of Temperature. P. Weiss and Paule Collet ... 2800 

Permanent Magnets. Magnetic Circuit of. G. II. Perrin. 998 

Parma nitc. Magnetic Quantities of. T. F. Wall. ••••• *299 

Permcamctcr Circuit. Oscillographic Study of Current and Voltage ill. \N B. 

Kouwcnhoven and T. L. Berry.• • • • • 888 

Furnace, for Alternating-Current Measurements at Small Mag¬ 
netising Forces. G. A. Kelsall . 2348 

For the Explanation of this Index see p. 1134. 
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Magnetism, continued. 

Photomagnctic Effect. N. v. Raschcvsky. 990 

Potential of Hydrogen Occluded in Iron. Effect of a Magnetic Field on. T. W. 

Richards and W. T. Richards. 1320 

Prolate Iron Spheroid Rotating in a Magnetic Field. Charging Effect of. E. 

Lawrence.2160 

quantum Theory applied to the Magnetic Field. W. Gerlach and O. Stem ... 2662 

Reluctivity of Permalloy. A. E. Kennelly .2167 

Remanent Magnetism. Effect of Shape of Magnet on. A. Michel and L. Veyret 1293 
Resonance Light. Influence of Magnetic Field on Polarisation of. G. Joos ... 2966 
Specific Heat of Ferromagnetic Substances and the Critical Temperature. 

J. R. Ashworth . 1297 

Spectroscopy. Magnetic and Electric. W. Arkadiew. 2760 

Spontaneous Magnetisation of Nickel. P. Weiss and R. Forrer . 2602 

Steel, Influence of Carbon and Carbides on Magnetic Properties of. A. W. 

Smith. E. D. Campbell and W. L. Fink. 1932 

.. . Sheet, Influence of Cold Rolling on Electrical Properties of. 320 

.. . Silicon. Magnetic Properties of. G. H. Cole. 994 

Steels containing Manganese, Magnetisation of. H. Pccheux. 332 

Sulphates. Paramagnetic Double, at Low Temperatures. Susceptibility of. 

L. C. Jackson and H. K. Onnes . 989 

Surface Tension in a Magnetic Field. Winifred L. Rolton and R. S. Troop .. 1662 
Tension. Effect of. on Change of Resistance and Thermoelcctromotivc Force by 

Transverse Magnetisation. A. W. Smith. 321 

Terrestrial Magnetism, see separate section. 

Thermomagnetic Phenomenon and the Specific Heat of Nickel. P. Weiss and 

R. Forrer. 1934 

Thermo-magnetism, see section Thermo-electricity. 

X-Ray Corpuscular Emission from Iron in a Magnetised and Unmagnctiscd 

State. G. A. Carsc and D. Jack .2101 


Measurements and Use of Instruments. 

Al>crrations of Microscope Objective, Measurement of. F. Twyman . 250 

.. of Optical Systems. L. Lenouvel . 2737 

Adjustment of Levels. T. F. Connolly. 2383 

Air Speed in Aeroplanes. Measurement of. C. J. Stewart. 

Alloys. Thermal Conductivity of. H. M. Williams and V. W. Bihlman. 2536 

Alternating Current in Massive Iron Conductors. K. Zicklcr . 2341 

Tensions. Weak, in Grid Circuits. Use of Audion for Absolute 

Measurement of. Angelika Szdkcly. 

Altitude of Aircraft. Determination of. W. G. Brombacher .. J®' 

Aluminium at High Temperatures. Tensile Properties of. T. Martin.2416 

Amplification of the Current of Photoelectric Cells. G. Ferrie. R. Jouaust and 

R. Mesny.•... J 8 * 

.. . Low-frequency. Measurement of. R. L. Smith-Rose. 

Arc Relay. Electro-optical Applications of. L. Dunoyer and P. Toulon . 3065 

Relays with Exterior Sheath. Electro-mechanic Applications of. L. 

Dunoyer and P. Toulon... : .... ■ 8084 

Atmosphere, Simple Arrangement for Observation of Optical Trouble of. C. 

Gallissot . 2934 

Ballistic Galvanometers. M. Masius.2I4» 

Barometer, Mercury. Effect of Rolling of Ship on. M. A. Giblctt.•* 1J® 

Braun Tube Diagrams. Determining Sense of Rotation of. K. Seiyama. 1023 

Breakdown Voltages for Air. F. Dessauer . 604D 

Butyro and Immersion Refractometers. J. W. Perry and C. C. Roberts .... H* 8 
Capacities and Resistances. Neon Lamp for Comparison of. J. Taylor and 

W. Clarkson . J 8 '® 

.. , Measuring Small. H. Hermann.«. I 8 '' 

, Small. Method of Measuring. L. Hartshorn . 3025 

Capacity and Inductance. Calculation of. E. J. Hobbs . 7678 

.. and the Angle of Dielectric Loss in Condensers and Cables, Simple 

Compensation Method for Measuring. W. Geyger. 329 

„ . Measurement of Very Small Changes of. R. Gunn . 28 ® 4 

. »» -of. Compensation Method for. W. Geyger. J 4 ® 

Capillary Tubes. Accurate Calibration of. K. J. Isaac and I. Masson. ,33 ? 

Ceramic Materials, Thermal Dilatation of. by the Interferometer. G. E. Merritt 2537 
For the Explanation of this Index see p. 1164. 
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Measurements and Use of Instruments, continued. 

Charcoal. Density of. by Displacement of Liquids. J. B. Firth . 371 

Chronograph Projectile. Falling. Motion of. L. Thompson . 31*0 

Chronometers. H. Bock. 1350 

Coherer to Investigate Adsorption Films. Use of. \V. G. Palmer. 2850 

Compressibility of Solids by an Interferometer Method. H. C. Bates . 1054 

Condenser Microphone to Depict Sounds. F. Trendelenburg. 2551) 

Condensers. Variable Air. Calibration of. F. Bedeau . 131 u 

Critical Voltages. Measurement of. Lydia Inge and A. Walther .... 2321 

Currents, Very Small. Measuring. Research Staff of General Electric Co., 

London . 

Daylight Factor. Measurement of. A. K. Taylor .... 1773 

Decrement Determinations for Highly Damped Circuits. O. Meisscr. 1*80 

Depth-Sounding for Navigational Purposes. Acoustic Method of. 1000 

" Diametral Plane " in Elementary Geometrical Optics. Use of. C. H. Lees.. 2485 

Dielectric Constant. R. Forth. 1571 

Losses at High Voltages. Measurement of. A. Rosen. 050 

Diffusion and Density of Gases measured by Interferometry. C. Barus . 1050 

Rate of Metals in Mercury. Influence of Pressure on. E. Cohen and 

H. R. Bruins . 2183 

Rate of Metals in Mercury. Potcntiomctric Determination of. E. 

Cohen and H. R. Bruins. 2182 

DroDS in an '* Atomised ’* Liquid. Measurement of. F. Hausscr and G. M. 

P Strobl. .-. v .. v 

Earth’s Field. Determining Intensity of. from a Moving Support. H. G. 

Grummann. 1024 

Elastic Stresses in an Isotropic Body. R F. Gwythcr. 2411) 

Electric Oscillation Measurements. Single-Spark Method for. O. Meisscr. 1)71) 

Electrical Steel Testing. B. Kjcrrman... ............ 2300 

Electrolytic Inductance Measurements. Conductance of Potassium Chloride 

Solutions. H.C. Parker and Elizabeth W. Parker . 1581 

Electrometer in High-frequency Measurements. Use of. V. YlOstalo. 1)75 

with Triodc Valve and Atmospheric Gradient. P. Lcjay. 11)21 

Electrometers of Braun and Haga. Initial Inflection by. H. Hermann. 1)74 

Electron Tubes. Capacities of. E. Schrader . 3051) 

Electroscope, Volta Condenser. Theory of the Reinforcement and Bond 

Number. H. Hermann. D73 

EOtvos Balance. W. Schweydar. *31) 

Equi-altitude Measurement by Photography. R. Baillaud . 1701) 

Field. Investigation of. in a Hand TcIcsco|h\ A. Wcttliaucr. 2048 

Focal length of Optical Systems. Interference Method for. E. Bratke. 1133 

Galvanometer. Vibration. Anomalous Behaviour of. E. V. Appleton . 1287 

Hardness, Measurement of. Plaut . 730 

Heat. Measurement of Small Sources of. by Micro-Calorimeter. A. Tian - 1507 

-production by Thermopile and Galvanometer, Measurement of Small 

, Rates of. \V. Hartrec . 2541 

Height. True. Measurement of. by Aneroid. L. N. G. Filon . 31)5 

High-frequency Resistances of Wires. G. Wuckcl. 1285 

.. Temperatures. Determination of. F. Henning. 2285 

Hilger Interferometer. Alierrations by Means of. j. W. Perry . 2240 

Hydrogen-Ion Concentration by a Spcctro-Photometric Method. W. R. Brode 1017 

,, „ Measurements. W. T. Bovic. 1018 

Impact of a Pair of Bars of Steel and of Copper. Duration of. E. W. Tschudi 2417 

Impedance Theorem. Campbell's Driving-point. R. M. Foster. 2313 

Inductance and Capacity. Calculation of. E. J. Hobbs . 707u 

fnduction Coil for Determination of Conductivity. F. Schcminzky. 2145 

Infra-red Alworptifin Measurements. Quantitative, and Molecular Structure. 

J. l-ecomtc. 2750 

.. Radiation, Instruments for Detecting. D. S. Perfect. 21)53 

Insulation Resistance. Measurement of High Values of. J. B. Whitehead ... 051 

Intensity Measurements of Spectral Lines. J. K. Robertson. 838 

.. Relation of Multiple Lines. Measurement of. W. Gcrlach and 

O. Brczina . 1450 

Interference Method. Waetzmann. of Investigating Optical Systems. E. 

Bratke. 2241) 

Internal Diameter. Measuring. J. S. Anderson and G. Barr . 370 

For the Explanation of this Index see p. 1154. 
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Measurements and Use of Instruments, continued . Abstract Nos. 

Internal Stress in Brass Tubing. R. J. Anderson and E. G. Fahlman . 2420 

Ionisation Currents. Measurement of. R. Kegerreis . 1536 

Kathode-Rays. Direct Measurement of Velocity of. F. Kirchner.2830 

Length Measurements. Precise. J. E. Sears. Jr. 306 

Levels. MMIenkopf, Spirit. Accuracy of. H. Loschner. 1349 

Magnetic Instruments and Methods of Absolute Magnetic Measurements, 

Comparisons of. 1000 

.. Measurements on Materials of High Initial Permeability. P. P. 

Ciolfi . 2839 

Testing of Small Specimens. T. F. Wall. 1299 

Measurement of .Magnetic Fields by a Magnetron. A. W. Hull. 667 

Measurements. Students'. F. Palmer. Jr. 410 

Mechanical Stirrer. Chemical Method for Testing Efficiency of. W. A. Roth.. 2400 

Metals. Valve Method of Detecting Slipping in. C. Handford. 1995 

Metrology. Precision. Matters of Special Interest in. A.P^rard . 1651 

Observations. Adjustment of. N. Campbell . 1982 

Optical Lever Method for Measuring Thermal Expansion. J. Guild .2124 

,. Measurement. Accuracy in. A. A. Micheison . 1432 

Oscillating-Valve Circuits for Measurement of Physical Quantities (Dielectric 

Constants. Magnetic Fields, etc.). J. E. P. Wagstaff . 981 

Oscillations of Single-Layer Coils. Measurements of. W. Hofmeier . 1568 

.. . Electromagnetic, of High Frequency. Registration of. A. 

Dufour.%.. 1929 

Oscillograph, Kathode-Ray. applied to Explosion Pressures, etc. D. A. Keys 645 

Overvoltage, Measurement of. S. Glasstone. 1633 

Oxides. Metals, and Carbides at High Temperatures. O. Ruff . 3002 

Paints respecting Heat Radiation from Surfaces. W. W. Coblentz and 

C. W. Hughes. 2638 

Peak Voltage Measurement by Neon Glow-Lamp. L. E. Ryall . 1926 

.. Voltages. Measurement of. R. D. Mcrshon. 977 

Penetrating Radiations. Experimental Fundamentals for Measurement of. 

W. Kolhdrstcr . 2963 

Pcrmeamcter. Furnace, for Alternating-Current Measurements at Small 

Magnetising Forces. G. A. Kclsall. 2348 

Photographic Densities. Measurement of. C. B. Bazzoni. R. W. Duncan and 

W. S. Mathews. 454 

.. Film. Mcnsurational Characteristics of. F. E. Ross . 1336 

„ Plates. Exposed. Diffusing Power of. J. Eggert and G. Archcn- 
hold.2490 

„ Plates, Some Properties of. C. Fabry and H. Buisson .2489 

Photometer. Selenium. Demonstration of. F. C. Toy. 2962 

Physical Measurement. Limits of Accuracy in. W. Block .2877 

Piezo electric Method for High Pressures. J. C. Karchcr .. 380 

Polarisation Capacity and Phase Angle. Direct Measurement of. C. W. Miller 1966 
Potential Differences, Small Alternating. Measurement of. with an Electro¬ 
meter. C. Gutton and G. Laville . 3066 

Potentials. Electrode, in Non-Aqueous Solutions. E. Baur. 2634 

, Inaccessible, with Controlled Oxygen Electrode. Measurement of. 

A. K. Goard and E. K. Rideal ..•. 2033 

Power. Apparent, and Power Factor in Polyphase Circuits. H. Schenng .... 2339 

Precipitation Measurements. F. Lindholm. 2086 

Pressure Gauge of the Amagat Type. Accuracy of. A. Michels. 1361 

„ . Piston Motion of. L. Holbom .. 2885 

Measurements. Absolute. Rotation and Sensitiveness of. A. Michels 6 

Pressures. High. Measurement of. F. H. Newman . 727 

Prism Objectives. H. Cranz ...’. 2252 

Prisms Right-angled. Testing of. J. W. Nicholson and F. J. Cheshire. 1141 

Pt-Rhodamine B-Pt Cell. K. F Sun... 2147 

Quantities. Small, of Electricity. Electrometric Measurement of. G. Hoffmann 1289 
Radio-Active Substance. Measuring Radiation from. (Miss) S. Maracineanu . 654 

Radium Balance. L. H. Clark ... 1199 

Content of Feebly Active Substances by the y-Ray Method. P- 

Ludewig ... 1299 

Refractive Index of Large Discs of Glass. Measurement of. J. Barot . 1757 

„ „ of Liquids by Means of a Microscope. C. C. Kiplingcr. 2030 

For the Explanation of this Index see p. 1154.J 
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Abstract Nos. 

Measurements and Use of Instruments, continued. 

Refractive Indices, Determining, and Refractive Index of Gums. A. Mallock 1110 

Kefractometers. Range of Measurements with. G. Hacnzel. 1750 

Refractories. Thermal Conductivity of. M. D. Herscy and E. \V. Butzlcr- 2530 

Relativity and Measurement of a Moving Rod by a Fixed Observer. A. 

Lampa. 2920 

Resistance Variations for Conductors not obeying Ohm’s Law. Measurement 

of. H. Greinacher . 157G 

„ . Low. Measurement of. by Wheat-done Bridge. l-\ Wcnncr and 

Alva Smith. 1018 

Secondary Wave-length Standards. P. Wallerath. 2057 

Single-layer Coils. Alternating-Current Resistance of. S Buttcrworth . 2342 

Snowfall Measurement. A. Rbst.id. 2080 

Solar Radiation Measurements in Various Spectral Regions. Technique of 

C. Dorno. K. W. Meissner. W. Vahle. 2001 

Sound Intensity. Measurement of. J. C. Karcher . 205 

„ Measurements in Arc Lights with High-frequency Currents. A. 

Hagenbach and M. Wehrli. 2575 

.. , Physiological Measurement of. A. Stefanini . 1242 

Specific Gravity of Gases. Apparatus for Measurement of. A. Blackie . 300 

.. Heats of Magnesium. Calcium. Zinc, Aluminium and Silver at High 

Temperatures. E. D. Eastman, A. M. Williams and T. F. Young .... 2120 

„ Inductive Capacities of Ceramic Materials. A. Burmcster. 2338 

Spectroscopic Illumination with End-on Vacuum Tubes. T. R. Merton and 

R. C. Johnson . *202 

Stellar Energy Spectra. Radiometer. Measurements of. C. G. Abbot. 2044 

Stress Distribution. Optical Investigation of. W Birnbaum. 2418 

-Measurement. Optical. Elasticity of Celluloid with Reference to. 

H. E. L. Martin.'. H> r *l 

Surface Resistance of Insulating Sheets. Measurement* of. R. Dietcrle . 1284 

Tension by Capillary Balance. Measurements of. I*. Ixnanl, with 

R. v. Dallwitz-Wegner and E. Zachmann. 2413 

Tension from Bubbles. Determination of. S. Sugden. 1339 

Technical Materials. Conductivity for O. Test he . 2280 

Telescopes, Achromatism in. J. W. Gifford . 2248 

Temperature Measurement with the Einthoven Galvanometer. F. Adcock 

and E. H. Well*... 004 

Measurements by Thermoelectric Junctions. J Wftrschmidt .. 280U 

.! . Very High. Measurement of. 1. O. Griffith . 503 

Testing Machines. Calibrating Single-lever. C. Jakeman . 1352 

the Density of a Neutral Wedge. J. S. Foster. 1429 

Thermal Conductivity. Bar Method for Measurement of. M. D. O’Day . 1837 

Thermocouples. Contamination of. O. A. Ilnugcn and B. L Miller. 325 

Thickness of Elastic Plates. Measuring. C. Chcneveau and J. Callame. 724 

Thread Recorder. Uses of. J. L. Ilaughton and W. T. Griffiths. 1922 

Time Intervals, Accurate Measurement of. II. L. Curtis ami R. C. Duncan.. 179 

„ , Modification of. G. Bigourdan.•. 2210 

Transmission of Light in Instruments. Measurement of. G. W. Moffitt and 

P. B. Taylor. 2051 

Ultrainicrometcr used as a Ditferential .Micromanomcter. R. Whiddington 

and A. Hare ... 308 

Vacua, High, Measurement of. H. Stintzing . 1053 

Velocity of a Current of Air. Measuring. Iluguenard. 390 

Viscometer* of Saybolt Type. Bath Temperatures of. W. If. Hcrschcl. 187 

., . Capillary Tube. G. Barr. 1342 

Visibility, Measurement of. A. Wigand and K. Genthc. 2043 

Voltage, Peak, with Glow Tube. Measurement of. A. Palm . 1580 

Watch Rate, Determination of. A. Jaqucrod. 720 

Wattmeter. Dynamometer. B. Hague. 970 

Wave-form by Means of the Braun Tube. L. Casper. K. Hiibmann and J. 

Zenncck. 1920 

„ -Lengths. Short. Measurement of. and Frequency Standardisation. 

F. W. Dunmorc and F. H. Engel. 053 

Wavemeters. Precision Calibration of. G. W. Pierce. 040 

Weights and Measures . 2879 

X-Rays, see aho separate section. 

For the Explanation of this Index see p. 1164. 
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Metallography and Properties of Metals. 

Alloys, see also separate section. 

Aluminium, Annealing of. H. Rohrig . 2816 

Boron in Cast Copper, Use of. NVeintraub .’ ] \ 2364 

Cadmium, Crystal Growth in. M. Cook.358 

Carbon-Steel, Physical Properties of. W. M. Howe, F. B. Foley and J. 

Winlock.2622 

Case Hardening, Prevention of. by Copper Plating. J. C. McCullough and 

O. M. Reiff. 2876 

Coefficients of Expansion of Metals and Alloys. J. N. Friend and R. H. 

Vallance . 2534 

Cold Rolling on Sheet Steel, X-ray Investigation of Effect of. Y. Niwa and 

J. Matura . 162 

Copper Wire. Experiments on. D. H. Ingall . 1374 

„ . commercially Pure, Relation between Tensile Strength and Electrical 

Resistivity of. W. E. Alkins. 3047 

Crystals. Single Metallic, Production and Properties of. H. C. H. Carpenter.. 365 

Cupro-Nickel, 80 : 20, Source and Influence of Impurities in. C. Blazey. 359 

Density. Rate of Cooling, and Composition of Metals and Alloys. R. C. 

Reader.. 1610 

Electrical Steel Testing. B. Kjcrrman. 2366 

„ Theory of Solid Bodies. J. Frenkel . 2434 

Electron Theory of Solids and Rigidity of Metals. D. Banerii . 2432 

Fatigue of Metals. H. F. Moore and T. M. Jasper. 2362 

,. , Nature of; Fatigue Failure of Brass Tubes. W. E. W. Millington 

and F. C. Thompson .1278 b 

Hardening of Metals. S. Kimura . 163 

Hardness. C. A. Edwards and C. R. Austin. 347 

,, of Copper Alloys. Effect of Temperature on. L. Guillet. 2181 

Hydrogen Overvoltage of Metals and their Characteristic Properties. E. J. 

Weeks . 3085 

Internal Stress in Brass Tubing. R. J. Anderson and E. G. Fahlman. 2420 

Iron and other refractory Metals in the Liquid State. Densityof. C. Benedicks. 2878 

„ and Steel. Specific and Latent Heats of. A. Mallock.2125 

„ , Cementing of Small Pieces of. D. Uno .2816 

,, . Change of Density of, due to Overstrain. I. W. Landon. 348 

,, , Elcctrolytically deposited. Effect of Heat Treatment on Hardness and 

Microstructure of. N. B. Pilling. 1029 

„ , Technical, Constitution of. F. Wever . 3084 

„ , Thermoelectric Force of. G. Borelius. 2693 

Lead, Hardness and Spontaneous Annealing of. A. L. Norbury. 349 

Magnesium. 3086 

„ from 20° C. to 700° C., Density of. J. D. Edwards and C. S. 

Taylor. 2880 

Metal Crystals. E. GrQneiscn and E. Goens. 2669 

,, Films, X-ray Examination of. W. H. Bragg. 1969 

„ Rolling, Atomistic Mechanism of. U. Kakinuma . 2618 

Metallic Filaments. Method of Drawing. G. F. Taylor. 1989 

Metallography in Polarised Light. L. C. Glaser . 2366 

Metals and Alloys on Bohr’s Theory. Electrical Conductivity of. K. Hojendahl 2835 

„ , Electric Conductivity of. F. Simon . 2834 

Rare Elements. Application of Spectrographic Analysis to Examination of. 

C. Porlczza and A. Donati. 2509 

Stability under Shearing Forces of Flat Elastic Strip. R. V. Southwell and 

Sylvia W. Skan. 2000 

Stainless Steel and Iron. Resistance to Corrosion of. J. H. G. Monypenny .. 361 

Steel, Cold-Worked. Potential Energy of. T. F. Russell. 363 

Structure, see also sections Crystals and X-rays. 

Synthetic Metallic Bodies. F. Sauerwald and E. Jaenichen. 2179 

Tempering Soft Steels at very High Temperatures. Sauvageot and H. Delmas 1030 
Tin-bronze. Low, Effect of Cold-drawing and Annealing on. S. H. J. Wilson.. 2604 

„ , Lattice Structure and Sliding Planes of. H. Mark and M. Poldnyi. 356 

Treated Metals, Crystal Structure of. L. Thomassen . 751 

Tungsten Wires. Effect of Drawing on Crystal Structure of. L. P. Sieg. 367 

X-ray Crystal Analysis in Metallurgy. E. C. Bain . 2628 

Zinc Crystals. Changes by the Extension of. E. N. da C. Andrade. 1968 

For the Explanation of this Index see p. 1154.. 
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Attract Nos. 

Meteorology. 

Air Density over the Globe. Distribution of. S. N. Sen. 1095 

-Earth Currents and Others. F. Sanford. 1253 

„ Temperature by Shooting Spheres Upward. L. F. Richardson . 1092 

Ascensional Rate of Pilot Balloons. W. C. Haines . 2084 

Atmosphere up to 200 Kilometres. Characteristics of. G. M. B. Dobson. 42 

,, , Constitution of Upper Strata of. L. Vegard . 40 

.Mass of. J. Mascart. 1705 

.. , Numbers of Ions in. S. Wiedenhoff . 2311 

„ , Optical Soundings of. (Miss) E. Bellemin . 772 

.. , Semidiurnal Oscillation of. S. Chapman. 2083 

.. , Simple Arrangement of Optical Trouble of. C. Gallissot. 2934 

„ , Transparency of. J. Cabannes. 2081 

.. . Upper. J. Satterly . 443 

„ .... Relation of Circulation in. to a Circumpolar Vortex. 

A. W. Lee . 1093 

Atmospheric Absorption at Pic du Midi. J. Baillaud. 2015 

Circulation. F. M. Exner. 39 

Eddies. F. M. Exner. 2208 

Electricity Data. H. Markgraf. 2312 

„ (see Terrestrial Magnetism and Electricity). 

Electrodynamics. F. Kaftan. 1704 

„ . F. Schindclhauer. 2211 

„ Ionisation. A. Gockel. 1252 

„ Permeability for Light, etc. A. Gockel. 41 

Polarisation. N. N. Kalitin. 2017 

. J. J. Tichanovsky. 2212 

Pollution. 2010 

,. , Automatic Measurement of. J. S. Owens. 2933 

Pressure, at Eskdalcmuir and Castle O’er, Dumfriesshire. C. Chree 2082 

A 

H M » M •• M • ft • 

Mitchell. 2018 

,. Radiation. A. Boutaric . 1700 

„ Tide. Lunar, at Mauritius and Tiflis. S. Chapman . 1710 

Transparency and Weather States. W. Milch . 2210 

„ Turbidity. A. Dcfant. 225 

Atmospherics and Meteorological Conditions. R. Bureau and A. Viaut . 3030 

„ Phenomena. Relations between. R. Bureau 3029 

and Meteorology. R. Bureau.72In 

Aurora, Audibility of. C. A. Chant . 444 

Aurora, Sunspots, and Magnetic Variations during 1921. W. E. W. Jackson.. 778 

Auroral Spectrum. Investigations on. L. Vegard. 2093 

Balloons. Rubber. Ascent of. Y. Horiguti . 38 

Blue Hill Meteorological Observatory. Observations at . 437 

.... .. . of. A. McAdic. 2090 

Climatological Data of the West Indies. 2447 

Cloud and Rain. Forecasting. L. Pctitjcan. 2020 

.. Forms. Weather Bureau Cloud Committee. 2087 

Clouds. Colour of. P. Villard. . ... 442 

Crepuscular Phenomena of Mont Blanc. E. Bauer. A. Danjon and J. 

Langevin..*. 2450 

Cyclone Formation. F. M. Exner. 1708 

Cyclones. W. Milch. 37 

and Anticyclones. Mechanism of. T. Kobayasi. 35 

,. . Cause of. H. Jeffreys. 1091 

.. . Dynamics of. I). Brunt . 1090 

.. . Fall of Barometer during. F. E. Fournier. 1089 

.. . Origin of. H. Ficker . 30 

.. . Upper. A. Dcfant . 1707 

Development of Meteorology and Mathematics in the Progress of Science. 

E. W. Woolanl. 1087 

Dust Content of the Atmosphere, Investigation of. H. II. Kimball and I. F. 

Hand. 2448 

Earthquake Surface Waves. B. Gutenberg. 781 

Eclipse of the Sun. Measurements of the Receiving Intensity, of Atmospheric 

Ionisation Due to. B. Iliin. 447 

For the Explanation of this Index see p. 1154. 
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Abstract .Vos 

Meteorology, continued. 1 1 «* / 

Frequency Curves. Krichcwsky’s Method of Fitting. E. W. Woolard. 1702 

Geneva and the Great St. Bernard. 1923, Observations at. R. Gautier. 1700 

Glaisher Stand v. Stevenson Screen. I. D. Margary.. 2691 

Hertzian Waves and the Atmosphere. J. Guinchant . 2679 

Ionisation of the Atmosphere by Electrons. W. F. G. Swann. 1261 

Melting Ice suspended in Benzene. Rotation of. H. B. Hachey . 2686 

Meteorites and the Earth. Distribution of Iron in. L. H. Adams and H. S. 

Washington ... 2931 

Meteorological Normals. Computing. H. W. Clough. 773 

Normal Atmospheric Electricity. Perturbations of. H. Markgraf. 2214 

Normals of Meteorological Elements for the British Isles, Book of . 2930 

Normals. Book of. Sections 4a and 46. 1701 

North Sea Tides. J. Proudraan and A. T. Doodson . 2092 

Northern Hemisphere. 11-Year Sunspot Period, and Temperature Variations 

in. B. Droste . 2935 

Organic Bodies in the Air of Washington and London. N. Shaw. 2461 

Periodicities, Difference-Penodogram for Determination of. C. E. P. Brooks . 1371 

., . Solar aud Meteorological. C. Chrce. 2088 

Peruvian Meteorology. S. I. Bailey. 1086 

Polar-Front Theory. A. Defant .2014 

Precipitation Measurements. F. Lindholm. 268o 

Pressure Ratios, Law of. F. J. W. Whipple.2019 

„ .. . .. , and Charting of Isobars. C. L. Meisingcr. 774 

Radiation (Terrestrial). Henry. JJ* 

Rain. Probability of. L. Besson....... •• 2021 

Rainfall Amounts. Annual. Group Distribution and Periodicity of. R. E. 

Horton.J™ 

.. Earthquake. K. Fischer . 2932 

„ Estimates. Areal. Accuracy of. R. E. Horton . JJJ 

,, Interpolation. R. E. Horton... 

., . Duration. Intensity and Periodicity of. P. Gorbatchcv. 4JU 

.. . Limit-Gauge for. F. J. W. Whipple. 

Recorders. Humidity. E. B. Wheeler . 

Resilience, Cross-Currents, and Convection. N. Shaw. 

Rio do Janeiro. 1920. Meteorological Observations at . 777 

Rising Air. Volume Change in. S. Rona .• • • • **: 

Saint Maurice in 1922, Meteorological Observations at. R. Gautier and E. Rod 7 /o 

" Sama ** State. E. Gehrckc . 

Sea-level and Tides. Perturbations of. A. T. Doodson. 

Snowfall Measurement. A. ROstad ... 

Solar and Terrestrial Radiation. A. Angstrdm. 

,, Constant, see also section Astronomy. 

.. Radiation and Atmospheric Turbidity over the Atlantic Ocean and in 

Argentina. F. Linke. Z4 r! 

„ Radiation Corrections. R. E. Watson.• ... • ... . .7; 

, Intensity of. between Europe and the Equator. L. Gorczynski 

. Ultra-Violet Intensity of. G. M. B. Dobson... - JJ 

„ .. . VariabiUty of. R. Lundhlad . 119* 

Storms, Trajectories of. A. Baldit .... 

Surface Tension and Density. Relation between. A. Ferguson .... 

with very Small Volumes of Liquid. T. W. Richards, C. L. 

Speyers and E. K. Carver ....... .. ]*J7 

Thunderstorms. Periodicity of. J. Gabriel..... I iv* 

Upper-Air Observations. Significance of Regression Equations in Analysis of. 

F. J. W. Whipple . 268U 

Vertical Vision. Measurement of. A. Wigand and K. Genthc. 

Visibility. Measurement of. A. Wigand and K. Gcnthe. 2043 

Whirlwinds. W. Hartmann... 220U 

Wind, Resistance of Spheres Shot Upward to Measure. L. F. Richardson-I7iw 

Miscellaneous (Chemical Physics and Electro-Chemistry). 

Absorption, see separate section. . .. _ 

Activation and Chemical Combination. E. K. Rideal . *92^ 

Arsenic, Single Potential of. L. Kahlenberg and J. V. Steinle . 2373 

Atomic. Dimensions and Chemical Reactivity. H. L. Riley. 2861 

For the Explanation of this Index see p. 1154. 
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Miscellaneous (Chemical Physics and Electro-Chemistry), continued. 
Atomic Numbers of Allied Elements. Relationship between. J. C. Thompson 

. „ Species and their Abundance on the Earth. F. W. Aston. 

„ Weight, Kathode Fall and Ionisation Potential. A. Gunther- Schulze 
„ Weights, see section Molecular Physics. 

Boron in Cast Copper. Use of. Wcintraub . : 

Brownian Movements, see section Molecular Physics. 

Carbon Compounds. Crystal Structure and Constitution of. I. K. Knaggs .. : 

Catalysis, Contact. Report of Committee on. W. D. Bancroft.... 

„ , Platinum, Action of X-rays upon. R. Schwarz and M. Klingenfuss 

Catalytic and Induced Oxidation. A. K. Goard and E. K. Rideal.U»ir>. 

Charcoals and Other Properties, Hydrogen Content of. 11.11. Lowry. 

Chemical Affinity and Infra-red Spectra. A. Balandin. : 

,, „ , Distance Effect of. T. W. Richards and \V. T. Richard* •. 

„ Change with Variable Concentration, Calculation of Work of. 

C. Frenzcl .. • : 

„ Constants of Chlorine. Bromine, and Iodine in the Mono- and 

Di-atomic States. K. Wohl . ■ 

„ Constants of Diatomic Gases. J. R. Partington. 

„ „ of Monatomic Gases. F. Simon . ■ 

„ Forces. Electrical Explanation of. M. Born. : 

Chemiluminescence. A. Petrikaln . 

Chromising. F. C. Kelley .. 

Chromium. Elcctro-chcmical Behaviour of. N. Bountan .' 

Cobalt. Method of Producing a Thin Sheet of. F. K. Richtmyer and r. W. 

Warburton ... 

Colour Production, Theory of. J. Sticglitz ... 

Combustion of Fuels. Tcmpcnvtures Attainable in. G. A. Goodcnough and 

G. T. Fclbcck . 

Conductivity. Electric, see section Conductivity and Resistivity. 

Corrosion, see section Solution. 

Crystalline Bodies, Cold Formation of. E. Sicbel . 

Crystallisation. Eutectic. Kinematics of. A. Johnson . 

Crystals, Surface Energy of. and their Form. M. Yamada . 

Dcformability of Ions on the Optical and Chemical Constants. knoct of. 

M. Bom and W. Heisenberg .. ;•••••••;• : 

Detonation, Electrical Method for the Determination of Velocities of. J. E. P. 

Wagstafi .. • • • • • • • • • • • 

Diamonds to Graphite, Conversion of. M. de K. Thompson. P. K. FrOlich 

and J. L. Gillson.... 

Diffusion of Molecules and Ions into the Solution of another Substance and 
the Retarding Action of this Solution. I. J>. Gotz and G. P. Pamfil .. 
Diffusion, see separate section. 

Dissociation and Ionisation, see separate section. 

Double Layer, Electrical, Conception and Properties of. and its Relation to 

Ionic Migration. J. W. Me Bain .. • 

Electric Furnace Processes, see separate section. 

Electrical Field, General Formulation of Movement in. Mary E. Laing .... : 
Electrodes, Normal, see section Batteries. Primary. 

Electrolysis, see separate section. 

Electrolytic Analysis, see separate section. 

Electromotive Equilibrium and Polarisation. A. Smits . 

,, Force of a Hydrogen Calomel Cell, Effect of Hydrogen Pressure 

on. W. R. Hainswortb, H. I. Rowley and D. A. Mac limes. : 

Electron Theory of Chemistry. J. J. Thomson . 

Electronic Orbits in the Alkali Metals. R. B. Lindsay. 

Elements, Complexity of. A. S. Russell .... • vJU.»3. ' 

Elements, Groupings of. and Spectral Lines of Hydrogen. F. H. Ixiring .... 
Emulsification. Theory of. P. Finkle. H. D. Draper and J. II. Hildebrand .. 
Equation of State, see section Thermodynamics. 

Equilibrium. Chemical, see section Chemical Equilibrium. 

Exploded Wires in High Vacuum. S. Smith . 

Expl«»sion Wave. I*roi>agation of. P. I-aflitte .•. 

Explosions. Gaseous, at High Pressures. W. A. Bone, D. M. Ncwilt and 

D. T. A. Townend . 

Explosive Limits of Mixtures of Gases. E. Asch . 

For the Explanation of this Index see p. 1154. 
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Miscellaneous (Chemical Physics and Electro-Chemistry), continued. 

Explosive Reaction. Mechanism of. Audibert .2186 

Waves in Air. Propagation of. T. Vautier . 2421 

Fatigue of Metals. H. F. Moore and T. M. Jasper. 2362 

Films, Thin, Structure of. N. K. Adam . 185 

Free Energy and Heat Content of Arsenious Trioxide and the Reduction- 

Potential of Arsenic. R. Schumann . 2370 

Gas Mixtures, Separation of. by Diffusion. G. Hertz . 676 

Gases, for Gaseous Laws, see section Gases. 

Gelatin, Photographic Chemistry of. S. E. Sheppard, F. A. Elliott and S. S. 

Sweet . 682 

Gels and Theory of Adsorption. N. E. Gordon . 1593 

Glass Surfaces, Behaviour of Gases in Contact with. D. H. Bangham and 

F. P. Burt .•.. 1590 

„ -to-Metal Joint. M. L. Dundon . 2 

„ , Optical, see section Lenses. 

Glasses, Electromotive Properties of. H. Schiller . 2371 

, Gases Evolved from. J. E. Harris and E. E. Schumacher. 1305 

Graphite, Crystalline Structure of. O. Hassel and H. Mark. 2441 

Helium from Exploded Wires. S. Smith . 1595 

„ Nucleus, Structure of. Y. Takahashi . 2439 

,, Spectrum-Tube, Changes in. A. F. Miller . 620 

Heterogeneous Equilibria. Studies in. J. A. V. Butler . 2625. 2626. 2867 

High Temperatures. Chemistry of. H. v. Wartenberg . 3001 

Hydration Process, Discontinuity of. W. A. Davis and J. V. Eyre. 678 

Hydrogen Overvoltage of Metals and their Characteristic Properties. 

E. J. Weeks . 3085 

Hydroquinone, Hydrogen-Ion Concentration and OxMation of. V. K. la Mer 

and E. K. Ridcal . 1316 

Indicators, Dissociation Constants of, Part I, Methods. W. C. Holmes .... 1962 
Inflammability of Methane-Air Mixtures, Influence of Some Non-inflammable 

Vapours of Organic Liquids on Limits of. W. P. Jorisscn and J. Vclisek 3093 

Internal Pressures of Solids and Liquids. T. W. Richards. 2428 

Iodide of Hydrogen by the Silent Discharge. Formation of. E. Warburg .... 1641 
Ionisation, see section Dissociation. 

Isotopes and Constitution of the Elements by the Method of Accelerated 

Anode Rays. F. W. Aston . 673 

„ of Mercury and Structure of the Green Line. R. Brunctti. 2918 

„ , Calculation of Atomic Weights of. A. S. Russell . 679 

„ , see also section Molecular Physics. 

Isotopy and the Isotopes. (Mme.) P. Curie. 1304 

Law of Definite Proportions. U. R. Evans . 676 

Lead Monoxide, Free Energy and Heat of Formation of. D. F. Smith and 

H. K. Woods ... 691 

Licsegang Bands, Formation of. F. G. Tryhom and S. C. Blacktin . 683 

Lithium, p and d Terms of. F. J. v. Wisniewski. 2438 

Mass Action Law in Ionised Systems. W. Wessel . 2872 

„ and Weight, Proportionality of. H. H. Potter. 731 

Mercury-dropping Kathode, Processes at. J. Heyrovsky . 2639 

„ into Gold. Reported Transmutation of . 3083 

Miscibility of Substances above the Critical Temperature. T. des Coudres .. 1218 
„ , Specific Heat and Heat of Mixture in Neighbourhood of Critical 

State of. N. Pcrrakis . 1219 

Mobility of Ions in Liquids. Temperature Coefficient of. F. A. Lindemann .. 2607 

Molecular Attraction and Combination. O. Maass. 2868 

„ „ , see also section Molecular Physics. 

Nernst Heat Theorem. W. H. van de S. Bakhuyzen . 2640 

Nitric Oxides and Ozone by Electric Discharges. K. B. McEachron. 1972 

Non-ionised Acids. Nature of. Correction. A. Hantzsch. 2869 

Oil Drops in Water, Cataphoretic Mobilities of. M. Mooney. 1969 

Optical Activity and Rotation, see section Polarisation. 

,, and Chemical Constants. Effect of Deformability of Ions on. 

W. Heisenberg .. 3089 

and Chemical Constants. Influence of Deformability of Ions on. 

■ H. Kornfeld .. 3090 

Osmosis, see separate section. 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Miscellaneous (Chemical Physics and Electro-Chemistry), continued. 

Osmotic Pressure, Membrane-Potential and the Flocculation of Colloids, 

Theory of. N. Bjerrum. 2853 

Overvoltage. Gas Film Theory of. N. V. S. Knibbs . 2044 

,, , Measurement and Cause of. S. Glasstone . 2043 

Oxidation and Combination of Gases by Electric Discharge, see also section 
Discharge. 

,, Potentials of the Molybdenum and Tungsten Octocyanidcs. 

O. Collenberg . 2189 

„ , Non-luminous. of Phosphorus in an Oxygen Atmosphere. (Lord) 

Rayleigh . 2800 

Ozone and Nitric Oxides by Electric Discharges. K. B. McEachron. 1972 

„ , Laws of Formation of. by Discharge. A. Chassy . 1971 

Passivity and Kathodic Overvoltage. E. Liebreich and W. Wicdcrholt . 2042 

.. of Metals with Particular Reference to Iron. W. J. Muller . 3098 

„ „ , Influence of Anions on. V. Rothmund. 2009 

Periodic Law, Curves of. II. W. M. Thornton . 154 

„ „ , Present Position of. VV. R. Cooper . 1010 

„ System. Representation of. W. Palmaer. 2850 

„ „ , see also section Molecular Physics. 

Phase Boundary Potentials. L. Michaelis and A. I'ujita . 2029 

M „ „ , Thermo-dynamic. Theory of. E. Abel. 2030 

,. Rule, see sections Chemical Equilibrium and Thermodynamics. 

Phosphorus. Glow of. and its Extinction by Moist Oxygen. (Lord) Rayleigh 335 
Photochemical Decomposition of Monochlor- and Monobrom-Acetic Acid and 

the Einstein Law. E. Rudberg ... 2307 

„ Properties of Cuprous Oxide. A. D. Garrison . 1005 

,. Reactions and Light of Periodic Intensity. P. Lasarofl. 1158 

Sensitisation of Ethyl Maleate. etc. J. Eggert . 1310 

Photochemistry. Experimental Technique in. J. Plotmkow .. 1703 

Photolysis. Uranyloxalate. Quantum Sensibility of. P. F. BQchi. 2802 

Platinum Group. Metals of. F. E. Carter ...... 1307 

„ „ . Preparation of Double Fluorides of Metals of. II. 1. 

Schlcsinger and M. W. Tapley . 1179 

,. Metals, Investigations on. E. Wichers and L. Jordan . 1308 

Polonium, Separation of. from a Sodium Hydrate Solution by Various Solids. 

J. Escher-Dcsrivitres . 2115 

Porosity of Nickel to Hydrogen Gas. V. Lombard . 153 

Potassium, New Light Filter for iJeteclion of. L. W. McCay. 1599 

Potential Difference at the Boundary of Two Phases. D. Reicliinstcin . 2188 

• „ „ between Air and a Solution. A. Frumkin. 2 308 

Purple of Cassius. Chemical Nature of. A. Huber . 1303 

Shock. Propagation of Wave of. P. Laflitte. 2184 

Sign of Electric Potential, Standardisation of. A. W. Porter. 2309 

Silica Glass, Permeability of. to Helium and Hydrogen. G. A. Williams and 

J. 13. Ferguson .. 1589 

Silvering of Glass by the Formol Process. A. Cotton. 1057 

Solution and Solubility, see separate section. 

Solutions in Kl in Nitromethane, Conductivity and Ionisation of. J. C. Philip 

and II. B. Oakley . 2300 

Superficial Solutions. Compression and Expansion of. A. Marcclin . 180 

Supersaturation of Gases in Water and Certain Organic Liquids. J. 

Metschl . 2104 

Suspensions of Electrolytes added in Quantities too small to effect Flocculation, 

Protective Effect on. A. Buutaric and (Miss) G. Pcrreau . 2809 

Synthetic Metallic Bodies. F. Sauerwald and E. Jaenichcn. 2179 

Thermo-Chemistry, see also section Miscellaneous (Heat). 

Thermodynamic Investigations, see section Thermodynamics. 

Titrating Silver and Halogen Ions with Dye Indicators. K. Fa jails and 

O. Ilasscl. 1039 

Valenc e and the Electron. G. N. Lewis. 1010 

Valency Bond, Electro valence and Covalence. S. 11. C. Briggs. 1940 

„ ’ Bohr’s Atom in Relation to Problems of. R. H. Fowler. 1017 

,, ,’ Chemical, of Metals. If. G. Grunin and K. F. Hcrzfcld. 1015 

„ , Electronic Theory of . 1023 

„ ... ... B. FlOrscheim . 1945 

For the Explanation of this Index sec p. 1154. 
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Miscellaneous (Chemical Physics and Electro-Chemistry), continued. 
Valency, Electronic Theory of. Intramolecular Ionisation in Organic Com¬ 
pounds. T. M. Lowry . 337 

,, , Electronic Theory of Origin of Acidity. T. M. Lowry. 3070 

„ , „ „ of. Transmission of Chemical Affinity by Single 

Bonds. T. M. Lowry. 338 

Vapours, for Gaseous Laws, see section Gases. 

Viscosity, see separate section, also section Solution. 

X-rays in Chemical Investigations, Use of. H. Stintzing. 2529 

Miscellaneous (Electricity and Maguetisra). 

Alternate-Current Research, see separate section. 

Amplification of the Currents of Photoelectric Cells. G. Ferric, R. Jouaust, 

and R. Mesny. 1915 

Arc Relay, Electro-optical Applications of. L. Dunoyer and P. Toulon . 3065 

,. Relays with Exterior Sheath, Electro-mechanic Applications of. 

L. Dunoyer and P. Toulon. 3064 

,,, Electric, see section Discharge. 

Atmospheric Electricity, see section Static Electricity. 

Atomic Concentration and Mechanical. Thermal and Optical Constants of the 

Elements. I*. Lasarcff. 2397 

Heat. C. C. Bid well. 1909 

Capacity (Electrostatic), see separate section. 

Cells, Voltaic, see section Batteries. Primary. 

Compass, Invention of. L. de Saussurc. 884 

Condensers, see also Capacity, Dielectrics, and Discharge. 

Conductivity (Electric) and Resistivity, see separate section. 

Contact Electricity. A. Coehn and E. Duhme. 2820 

„ „ , see section Batteries. Primary. 

Contacts. Loose. Passage of Currents through. Angelika Sz4kcly. 1 . 1665 

Corona Discharge, Surface Complications in. F. O. Anderegg.. 2323 

,, , Current-Voltage Relation in. C. S. Fazcl and S. R. Parsons .. 2183 

Dielectrics, see separate section. 

Discharge (Electric), see separate section. 

Earth Currents, see section Terrestrial Magnetism and Electricity. 

Electrification, see section Static Electricity. 

Electromagnetic Theory, see separate section. ** . 

Electrometry, Lamps with Several Electrodes in. P. Lcjay . /... 2690 

Electromotive Force of Filtration. L. Ri4ty..'• *828 

Electrostatics, see section Static Electricity. 

Field, Magnetic, see section Magnetism or Electromagnetic Theory. 

Friction between Sliding Surfaces and Effects Produced by Electric Currents 

passing across such Surfaces. H. M. Barlow. 1366 

Galvanometers, see sections Apparatus and Measurements. 

" Glim '* Lamp as a Detector of Ionising Radiations. O. v. Bacyor and 

W. Kutzncr . . .l» 1276 

Hall-Effect, see section Conductivity (Electric). 

Hydrogen and Nitrogen, Dissociation of. by excited Mercury Atoms.’ 

O. S. Duffendack and K. T. Compton..2134 

Hysteresis, see section Magnetism. 

Induction, Magnetic, see section Conductivity (Electric). 

„ . (Self and Mutual), see separate section ' 

Influence Electrostatic Generator, Quantitative Theory of. A. W. Simon .. 2821 
Interrupters. Rotary, and the J. L. P. Interrupter. J. Lev 6 que-Petit ....... 1919 

„ , see also section Apparatus (Electrical). ' 

Ionisation. Residual, in Gases. Variation with Pressure of. H. F. Fruth - 699 

Johnsen Rahbck Effect. H. M. Barlow.S. • J3J6 

„ . J. Waszik ...1667 

Kathode Ravs, see section Discharge or Rays. 

Laboratoric Central d’Electricity Work of. P. Janet.'• 1J20 

Lamps, Vacuum, Illumination of, by Friction. H. Cardot and H. Laugier .* 1276 

" Leader " Cable. S. Butterworth . '... ^...;. 2164 

i t . C. V. Drysdale .. •»..../.....,J... 2163 

Lightning, see section Static and Atmospheric Electricity. 

Magnetism, see separate section. 

Measurements, separate section. 

• For the Explanation of this Index see p. 1154. 
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Abstiact No*. 


Miscellaneous (Electricity and Magnetism), continued. 

Nagaoka’s Correction Factor K. E. J. Hobbs . 2146 

Ohm's Law, Validity of, for an Electrolyte with High-Potential Gradients. 

&L Wien. 1280 

Permeability, see section Magnetism. 

Photochemistry, First Law of. Muriel C. C. Chapman . 274! 

Photoelectric Activity, Variation in. T. H. Osgood. 2142 

Cells, see sections Batteries, Primary and Discharge. 

Piezo-electric Constants of Tourmaline. D. A. Keys. 324 

,, Effects with Dielectrics. K. R. Brain. 1572 

Piezo-elec tricity and Molecular Asymmetry. R. Lucas. 2328 

Polarisation (Electrolytic), see separate section. 

Positive Colunui of the Mercury Arc. Remarkable Property of. Influence of 

External Sheath. L. Dunoyer and P. Toulon. 2837 

Reluctivity, see section Magnetism. 

ROntgen Rays, see section X-rays. 

Short-Circuit Figures, Electrical. E. Mollcr . 953 

Specific Inductive Capacity, see section Dielectric*. 

Static Electricity, see separate section. 

Stroam Line* in the Two-Dimensional Motion of a Perfect Fluid, Electrical 

Method for Tracing. E. F. Keif . 2823 


Telegraphy, see Section B. 

Telephony, see Section B. 

Terrestrial Magnetism and Electricity, see separate section. 
Thermoelectricity and Thermo magnetism, see separate section. 
Tubes. Vacuum, see sections Discharge and Apparatus. 

Voltaic Action. see section Batteries. Primary. 

Voltameters, see section Electrolysis. 

Waves, see section Oscillations and Wave*. 

Wireless Telegraphy, see Section B. also section Oscillations. 
X-rays, see section Rays. 


Miscellaneous (General Physics). 

Adiabatic Hypothesis, Extension of. K. FOrstcrling. 2437 

Adjustment of Levels. T. F. Connolly. *383 

Aerodynamics, see section Dynamics. 

Airy Potential Function. W. Gainter. -42.t 

Alloys, see sc|>aratc section. 

Altitude of Aircraft. Determination of. W. G. Brombachcr . 167 

Angle as a Fourth Dimensional Quantity. .A. Bartorelli . 407 

Ascensional Rate of Pilot Balloons. W. C. Haines . 2081 

Astronomy, see separate section. 

Atomic Weights, see section Molecular Physics. Matter and Ether. 

Bmscl Functions, Tables of. II. E. II. Wrincli and Dorothy Wrinch . 743 

Birds in Flight Power of. E. Hiigiicoard, A. Magnan and A. Planiol . 748 

Brownian Motions, see section Molecular Physics. 

Capillarity, sex section Surface Tension. 

Compressibility of Gases under High Pressure*. P. W. Bridgman . 1366 

• .. of Quartz. Brass and Tourmaline. H. C. Bates . 1664 

Critical Constants, see section Critical Points. 

Data of Physical Science. Whitehead’s Re-formulation of. G. W. dcTunzclinan 1080 
Deformation, see section Elasticity. - 
Density, see sc|>aratc section. 

Doptli-Souuding for Navigational Purposes. Acoustic Method of. 1660 

Depth, Perception of (Sterooscopic Visual Acuity). H. Kellner . 462 

Detonation at a Distance. Transmission of. E. Audil>crt. 1360 

.Electrical Method for Determination of Velocities of. «J. E. I». 

Wags I a . *350 

Dewar Masks for Uquid Air. Tests upon. H. Briggs and J Mallinson . 742 

Diffusion, see separate section. 

Dimensional Analysis. E. Buckingham. 2068 

i ■ it ... N'. Campbell. 1060 

Discontinuous Quantities, Representation of. I.. Laboccettn. 406 

< Dynamics, see separate section. 

i Effusion of some Vapours. Experiment on. K. Voss. 1367 

Ehrenfcst's Principle. Applicability of. K. Fermi . 408 

For the Explanation of this Index see p. 1154. 
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Miscellaneous (General Physics), continued. 

Elasticity, see separate section. 

Energy Fluctuations. Quantum Statistics of. M. Planck. 1076 

Errors of Observation. W. Burnside ... 1330 

.. .. • R- A. Fisher . 391 

Ether, see section Molecular Physics. Matter and Ether. 

Expansion, see section Dilatation. 

Films on Water. Mono-Molecular, Properties of. P. Woog . 740 

.. . Liquid, Structure and Disintegration of. W. Taylor and M. Brillouin .. 1664 
,. , Thin Opaque Metallic. Production of. and their Optical Properties. 

F. Rother and K. Lauch . 1123 

„ . Thin, Structure of. N. K. Adam. 186 

Fitting Curves to Graphs of Observation. A. P. Trotter . 389 

„ Straight Lines to Data; Sunspot Epochs. C. F. Marvin. 1717 

Flat Elastic Strip. Stability under Shearing Forces of. R. V. Southwell ar.d 

Sylvia W. Skan . 2000 

Flow. Discontinuous, of Liquid past a Wedge of Small Angle. W. B. Morton 2663 

Frequency Function and Curve Fitting. E. B. Wilson. 1370 

Friction between Sliding Surfaces and Effects Produced by Electric Currents 

passing across such Surfaces. H. M. Barlow. 1366 

.. , Internal, in Glass and Quartz Filaments. A. Pazziani and C. E. Guye 2386 

.. , Sliding, Variation of Coefficient of. with State of Surfaces in Contact. 

M. Fichtcr. 2387 

Gas Cylinders, Hydraulically Testing. C. Guidi . 402 

Gas-grown Skin. Primary. Preliminary Measurement of. J. J. Manley. 2393 

Skins from Sprengcl Pump. Removal of. J. J. Manley. 2394 

Glass-to-Metal Joint. M. L. Dundon. 2 

.C. H. Meyers . 387 

.H. N. Ridyard. 1347 

Glass. Effects produced by Chilling. A. Q. Tool and C. G. Eichlin. 1669 

,, . Tensile Strength of. J. T. Littleton. Jr. 744 

Graphical Methods of Calculation. C. Runge. 2386 

Gravity, see separate section. 

Heaviside Operational Calculus. J. R. Carson. 1068 

Henry. Joseph. E. W. Rice. Jr. 720 

High Vacua, Research with. W. R. Whitney. 2396 

Impacts, Duration of. J. E. P. Wagstaff . 2001 

Integral JK 0 (/)rf/, Tables of Values of. S. P. Owen . 1366 

Jet of Gas through a Small Orifice. Entrainment of Air by. J. S. G. The mas 19P3 

„ . Entrainment of Air by. J. S. G. Thomas and E. V. Evans . 406 

Laminar Shearing Motion. Stability of. in a Viscous Incompressible Fluid. 

R.V. Southwell . 2662 

Least Squares. Method of. and Curve Fitting. H. S. Uhler. 392 

Levels and Level Bubbles. S. G. Starling. 386 

Liquid Mixtures. Volume and Refractive Power of. L. Counson . 463 

Liquids, Anisotropic. Theory of. C. W. Oseen. 1676 

Logarithmic Paper. Uses of. P. Schreiber .. 1 

Lubrication, see sections Surface Tension and-Viscosity. 

. znlp Function : Does it fit the Facts ? A. E. Becker. 2894 

Magnetic Method of Geological Exploration. W. O. Hotchkiss. 2462 

Mass and Weight. Proportionality of. H. H. Potter.. 731 

Mathematical Physics. Priorities or History of. E. Hoppe . 1670 

Maxwell’s Equations and Metrics. F. Kottler . . 432 

Measurements, see separate section. 

Mechanical Problems. see section Dynamics. 

Melting Ice Suspended in Benzene, Rotation of. H. B. Hachcy. 2686 

Membranes. Preparation of. F. E. Bartell and M. van Loo. 1363 

Metallography, see separate section. 

Meteorology, etc., see separate section. -' 

Muscular Contraction. Mechanism of. F. Michaud . .1364 

Newton’s Law and its Metrics. F. Kottler. 431 

Non-Metric Tensor Calculus. A. Buhl. ,.. 2929 

Observations. Use of Medians for reducing. F. Y. Edgeworth ”!!!!!”’!... 736 

Periodicities, Analysis of. C. F. Marvin. # 4 # # 1999 

,Foq the Explanation of this Index see p 1164.* 
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Abstract Nos. 

Miscellaneous (General Physics), continued. 

Periodicities. Difference-Penodogram for Determination of. C. E. P. Brooks 1371 

Photoelastic Methods. Engineering Problems Solved by. E. G. Coker. 201 

Physical Axioms, Meaning of. A. MO Her. 388 

* Properties of Elements at High Temperatures. M. N. Saha . 209 

Physikalisch-Technische Reichsanstalt for 1923. Report of . 1332 

Pivotal Movements. Friction of. A. Jaquerod. L. Defossez. and H. Mugeli .. 200 

Planimcter. Bcncze-Wolf Fibre Polar. K. Oltay. 2040 

Plastic Material, Viscous Flow of. B. Marzetti . 1307 

Plasticity and Elasticity. E. C. Bingham. 1300 

Powder. Compressed. Distribution of Densities in Columns of. E. E. Walker 194 

Powders. Compressibility of. E. E. Walker. 193 

„ . Properties of. E. E. Walker. 20(4 

.. . Variation of Pressure with Depth in Columns of. J. H. Shaxbv and 

J.C. Evans. 192 

Pressures (High and Low), see separate section. 

Probability Curves showing Poisson’s Exponential Summation. G. A. Campbell 1002 

Psychology. Physics and Modern. L. T. Trolana. 1647 

Quantum Integrals. Evaluation of. J. H. van VIeck . 1386 

Problem. Field Theory and Solution of. A. Einstein. 1077 

Theory and Quasi-Ergodic Motions. P. Ehrcnfcst. 763 

Quartz Fibres. Preparation and Silvering of. T. C. Kecley . 2888 

Resistance of Air to Falling Spheres. R. G. Lunnon. 738 

Resonance, Torsional, of Shafts. C. Platricr. 2003 

Rigidity, see section Elasticity. 

Scattering of Particles by an Einstein Centre. W. S. Kimball . 1389 

Sealing Base Metals through Glass. W. G. Housekeeper . loin 

Scismophysics and the Interior of the Earth. R. Yamamoto . 2463 

Silvering of Glass by the Formol Process. A. Cotton. 1657 

Smoke, Theoretical Scattering of. O. F. T. Roberts. 736 

Space. N. Campbell . 224 

„ into Polyhcdra. Partitioning of. W. Barlow . 424 

Specific Gravity, see section on Density. 

Spheres in their Motion through Gases. Resistancccxperienced by. P. S. Epstein 2426 

Spherical Source in a Rotating Liquid. S. F. Grace . 2424 

Steam. Efflux, Velocity and Specific Heat of. see sections Gases and Specific 
Heat, also Section B. 

Stress-Measurement. Optical, Elasticity of Celluloid with reference to. 

H. E. L. Martin. 1061 

Stress, see sections Elasticity and Metallography. 

" Superficial Solutions," Compression and Expansion of. A. Marcelin . 186 

Surface Tension, see separate section. 

Time Service of the Paris Observatory. G. Bigourdan. 1646 

., , Notion of. and Coordination of Movements. J. le Roux . 1082 

Top. Influence of Earth's Rotation on. J. L. Synge. 1062 

Torsion, see section Elasticity. 

Trevelyan Rocker. S. Bhargava and R. N. Ghosh . 719 

Troublesome Systematic Error. F. H. Seares. 390 

Units and Constants in Acrography. A. McAdic ..... 436 

.. , Ultimate Rational. N. Campbell. 1331 

Vacuum Sealing with Wood’s Metal. L. A. Welo . 1668 

Vibrations. Torsional, in a Shaft. C. Platrier. 2002 

Viscosity, see separate section. 

Volume Change of Metals during Solidification. H. Endo. 1368 

Watches and Chronometers, Compensating Temperature Error of. P. Ditisheim 180 

Wave Forms, Non-Harmonic, Approximations to. R. ROdenberg. 1064 

Wave-Motion Models having ** Dispersion " and " Filter ” Properties. T. B. 

Brown . 1372 

Weight-Mass Ratios : New Gravitational Experiments. C. F. Brush. 376 

Weights and Measures . 2879 

Wetting of Solid Surfaces. H. Devaux .... 382 

World with Negative Curvature of Space. Possibility of. A. Friedmann .... 1399 

Miscellaneous (Heat). 

Air, Liquefaction and Rectification of. L. D. Goldsmith. 2814 

Aluminium. Annealing of. H. Knhng ... 2816 

For the Explanation of this Index see p. 1164. 
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Miscellaneous (Heat), continued. •> 

Atomic Concentration and Mechanical. Thermal and Optical Constants of the 

Elements. P. Lasarcff..2397 

Boiling-Points, see section Freezing-Points. 

Combustion Inflammation and Flame Propagation, see section Gases. 

Convection of Heat in Vertical Water Column. H. H. Poole . 1611 

.. .. . Free, in Liquids. R. A. Nelson ...y 1612 

. see section Radiation (Heat). 

Convective Cooling in Liquids. A. H. Davis...2127 

Corresponding States, Berthelot on van der Waal’s Law of. Bochet. 1518 

Earth. Thermal State of. A. P. Socolow. 2693 

Earth’s Surface, Heat Escape from. J. R. Cotter. 2939 

Emissivity, see section Radiation (Heat). 

Evaporation from Water and Thermal Emission. M. Allen. 1847 

of Carbon. Wcrtenstein and Jedrzejewski. 112 

.. of Liquids. T. B. Hinc .. 2293 

Expansion, see section Dilatation. 

Explosions, see also section Gases. 

Freezing-, Melting-, and Boiling-Points, see separate section. 

Gases and Vapours, see separate section. 

Heat given oft by Radium Bromide. Small Variations of. J. H. lc Bel. 2808 

Transfer. Laws of... t" 6 b 

Ionisation, Thermal, of Gases. R. Becker. 676 

Iron, Cementing of Small Pieces of. D. Uno .....2816 

Joulc-Thomson Effect in COj. E. S. Burnett..1614 

,. .. . Report on. H. M. Davis. 896 

.. , Work at Harvard University on. R. V. Kleinschmidt. 894 

Latent Heat, see section Specific Heat. . i i 

Measurements, sec separate section. 

Melting-Points, see section Freezing-Points. .* 1 , ' 

Miscibility of Substances above the Critical Temperature. T. dcs Coudrcs ... 1218 
„ on Volumes. Influence of the Neighbourhood of Critical State of. 

N. Perrakis... 1616 

„ , Specific Heat and Heat of Mixture in Neighbourhood of Critical 

State of. N. Perrakis ..1-.; 1219 

Oxides, Metals, and Carbides at High Temperatures. O. Ruff .. 3002 

Pipes in Air. Heat Dissipation from. A. H. Gibson.742 b 

Pyrometry, see section Thermometry. 

Radiometer Action, see section Radiation (Heat). 11 

Solidification. Volume Change of Metals during. H. Endo. 1368 

Solids. Internal Pressures of. T. W. Richards .3646 

Specific Heat, see separate section. •' ’ A- 

Surface Fracture Figures produced in Glass by Thermal Means. E. Berger /. 2800 
Temperature, see separate section. 

Temperatures (High and Low), see separate section. 

Thermodynamics, see separate section. j ' 

Transmission. Heat. R. H. Heilman .:. 9268 

Vapour Pressure, see separate section. t * . 

Wiedemann Franz Law. A. Eucken and O. Neumann ....... .. 2991 

Miscellaneous (Light). ‘ . ; : . < 

Aberration and Moving Media, see section Rays. 

of Light in Terms of the Theory of Relativity as illustrated on a i' 

” Cone and a Pyramid. V. Karapetoff ... .v.i. i.. 2928 

Aberrations of Optical Systems. L. Lenouvel .... 2737 

Absorption, see separate section. . 

Atomic Concentration and Mechanical. Thermal and Optical Constants of tho 

Elements. ,P. Lasarcff ..,.....; i. 239/ 

Birefringence, Electromagnetic, of Active Bodies. R. de Mallemann 27J7 

Canal Rays, see section Rays. . . . - >< i - 

Chemiluminescence of the Iodide of the Liquid Base. A. Petrikaln .. 2498 

Colour and Colorimetry, see section Absorption (Light). I >i < 

Complcmentaries. Spectral. Normal Colour Sense. R. H. Sinden., l 417 

Corona, Photometric Intensity of. at Eclipse of 1922. Sept. 21. at Waltal. 

A. D. Ross .. t....... . 

Correspondence Considerations. • W. Lenz- .1.. .V.* • • 2502 

Fon the Explanation of this Index, see p. 1154. 
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Abstract Nos. 

Miscellaneous (Light), continued. 

Crookes Tube, see Tubes (section Discharge). 

Crystals, Optical Properties of. see section Molecular Physics. 

Deviation of Light, see section Rays and Radiation. 

" Diametral Plane " in Elementary Optics. Use of. C. H. Lees. 2485 

Diffraction, see section Interference. 

Diffusion and Absorption. Atmospheric, on Signal Lights and Projectors. Effect 

of. E. Karrcr. 1409 

„ of Light by Kr and Xe. J. Cabannes and C. I-epapc. 2740 

Dispersion, see separate section. 

Dyed Threads. Spectro-Photomctric Examination of. G. P. Woronkoff. 1414 

Dyestuffs. Photoluminescence of. A. Carrelli and P. Pringslieim. 497 

Electromagnetic Waves, see section Oscillations and Waves. 

Ether. Relative Motion of. see also sections Molecular Physics. Dynamics and 
Interference. 

Fastness to Light, Testing Coloured Material for. H. S. Thayer. 1753 

Fluorescence, see section Phosphorescence. 

Gas Mantle. Incandescent. Radiation from. E. Pods/us . 489 

Glare, particularly by Headlights. G. Gchlhoff and H. Schcring. 457 

Grating Errors and " Ghosts.” R. W. Wood. 2729 

Haloes. Plcochroic. J. loly. 73 

Hyperbolic Relation in Geometrical Optics. S Bod6cs . 2055 

Illumination of a Surface by a Spectroscopic Slit. A. Hnatck . 1438 

Index of Reflection, see section Reflection. 

„ of Refraction, see section Refraction. 

Interference, see separate section. 

Kathode Rays, see section Rays. 

Lenses and Optical Systems, see separate section. 

Light emitted from Solid Nitrogen when bombarded with Kathode Rays. 

• i L. Vogard. 2003 

„ Filter, New, for Detection of Potassium. L. W. McCay . I59«> 

.. -Scattering in Turbid Media. A. Carrelli. 2»57 

„ , Velocity of. M. la Rosa ... 2 ‘ ,<0 

Luminescence of Nitrogen. Argon and other Condensed Gases at Very Low 

Temperatures. J. C. McLennan and G. M. Shfum. 2771 

Lustro, Metallic. W. D. Bancroft and R. P. Allen . 2471 

Motion, Optical Effocts of. P. Zeeman . 2225 

Moving Source. Light from, see sections Rays and Interference. 

Night Sky. Light of. (Lord) Rayleigh.. .. 2047 

Optical and Chemical Constants. I>eformability of Ions on W. Hcisenlierg . 3089 

„ , Influence of Dcforrnability of Ions on. II. 

Korn fold. 3090 

„ Collinuation without Reference to Metrics. L. Silbcrstein . 2037 

„ Doublets ami Triplets. Absolute Intervals of. A. Land* . 2503 

Optically Active Media. Properties of. H. Chipart . 2039 

„ Active Substances. R. Gans..... 2712 

Penetration of Waves and their Kays into a gradually varying Medium. 

J. A. Wilckcn.. 2505 

Photochemical Reactions, see section Miscellaneous (Chemical Physics). 

Photochemistry. Experimental Technique in. J. Plotnikow . 1753 

Photometry, see separate section. 

Photophorosis. O. Halpcrn .. 1149 

Prism Testing. G. W. Moflitt . 470 

Propagation of Light in Media with Periodic Structure. H. Chipart . 1151 

,, „ through Varying Media. A. I’crot. 1153 

Quantum Optics. G. Wcntzel.;. 1435 

Radiation of Iodine Bands. Processes during. O. Oldenbcrg. 2498 

•Pressure, see section Rays and Radiation. 

Rays, see separate section. . 

Rdntgcn Rays, see section Rays. 

Rdntgonographic-chemical Investigations. M. Siegbahn . 2103 

Rotatory Polarisation, see section Polarisation. 

Scattering of Light, see section Interference. 

Slits. Effect of Material of Sides of. on Intensity of Light transmitted. C. R. 

Smith. 1437 

Sodium-Potassium Alloy*. Free Electron Characteristics of. C. V. Kent - 477 

For the Explanation of this Index see p. 1154. 



































1204 


SUBJECT INDEX. 


Miscellaneous (Light), continued. 

Solidified Gases. Luminescence of. L. Vegard. 2776 

Spectroscopic Slit. Illumination of Surface by. A. Hnatek . 1438 

Stationary Light Waves. K. Lcistner .] 2265 

.. .. .. • K. Leistner and W. Mobius .. 2743 

Structure of the K/?, Line of Sulphur. A. E. Lindh and O. Lundquist.2109 

Transparency, see section Absorption. 

Triboluminescence Spectra. C. S. Beals. 1787 

Ultramicroscopy with Unilateral Illumination. A. Szegvari . 1433 

Ultra-Violet Dosage with Quartz Mercury-Vapour Lamp. J. M. Eder . 244 

Velocity of Light. M. la Rosa. 1410 

.. .. and Variable Stars. M. la Rosa. 807 

.. . Relative, of Blue and Yellow Light. H. Shapley. 479 

Wladimir Michelson Principle. A. Perot. 1163 

X-rays, see section X-Rays. 


Molecular Physics, Matter, and Ether. 

Aberration and Absolute Motion. R. Tomaschek . 2207 

Acetaldehyde Molecules in the Space Lattices of Acetaldehyde Ammonia and 

Mctacetaldedyde, Relation between. O. Hasscl and H. Mark.2916 

Affinity Constants of Bases. J. N. Pring. 2623 

Alkali Metals. Atomic Structure of. J. C. Slater. 1669 

Argon and Neon. Structure of. H. Collins . 1388 

Atom, Nucleus of. E. Rutherford. 1377 

.. . X-ray Spectra and Structure of. L. de Broglie and A. Dauvillier ... 1683 
Atomic Concentration and Mechanical, Thermal and Optical Constants of the 

Elements. P. Lasareff. 2397 

,, Dimensions and Chemical Reactivity. H. L. Riley. 2861 

Magnetic Moments. W. Gerlach and A. C. Cilliers . 2663 

,, Models. Potential Energies of Some. Ida Woodward. 1679 

.. Moment of Oxygen. P. Weiss. 148 

.. Numbers of Allied Elements. Relationship between. J. C. Thompson 2921 

,, Radii and Spectral Terms. F. Hund . 1687 

.Periodic Law of. W. P. Davey. 1678 

Structure. W. F. G. Swann. 1680 

,, and Electrons. R. A. Millikan.. 2666 

,, .. and Magneton Numbers. J. Dorfmann . 2008 

.. and Radiations. R. A. Millikan. 2667 

,, .. and Reflection of X-rays by Crystals. D. R. Hartrce. 764 

„ and the Disintegration of Atoms. M. v. I,auc . 2664 

„ of Two Intcrmctallic Compounds. E. A. Owen and G. D. 

Preston. 2910 

Structure. Application of Quantum Theory to. N. Bohr. 1076 

„ . Spectroscopic Investigation of. F. Paschcn. 416 

„ Theory. M. Born. 2660 

Atoms in Mixed Crystals. Distribution of. G. Tammann.2914 

.. of the Inert Gases. Diameters of. J. E. Calthrop . 2661 

.. , Artificial Disintegration of. G. Kirsch and H. Pettcrsson .. 1202 

.. . Intermittent Alteration of. and Components of their Changes of Mass, 

Part II. K. Fehrle. 1313 

. Intermittent Alterations of. and the Components of their Mass changes. 

K. Fehrle .. 42° 

Bohr-Langmuir Transformation. G. C. Evans. 214 

Bohr’s Model of C®iium. Spectroscopic Confirmation of. E. Fues. 1378 

„ „ of the Atom. E. E. Free . 1072 

? uantum Theory. Absorption and Dispersion in. R. Becker . 2926 

hcory of Spectra. Numerical Applications of. D. R. Hartree. 760 

Born-Lertes Effect. Theory of. H. Schmick. 19 

Brownian Motion of the Same Test Body at Different Gas Pressures. S. 

Landman. 2908 

Calcium. Structure of. H Collins.2911 

Carbon Chain. Induced Alternate Polarities in. on Basis of Bohr’s Theory. 

K. Hojendahl. 2199 

Chemical Affinity and Infra-red Spectra. A. Balandin ... 2746 

„ Change with Variable Concentration. Calculation of Work of. 

C. Frenzel . 2806 

For the Explanation of this Index see p. 1164. 
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A b>tract Nos 

Molecular Physics, Matter, and Ether, continued. 

Chemical Forces. Electrical Explanation of. M. Born. 2863 

Cobalt. Structure of. H. Collins . 2912 

Coefficient of Viscosity of Helium and the Coefficient of Slip of Helium and 

Oxygen by the Constant Deflection Method. M. N. States . 191 

Colour Production. Theory of. J. Stieglitz. 677 

Copper, Structure of. H. Collins. 2913 

Crystal Forms and Lattices. M. Yamada. 2443 

Structure of Oxalic Acid. H. Hoffmann and H. Mark . 2915 

„ „ , see separate section. 

Crystals of Chlorate of Potash. Colours of. L A. Kamdas. 2240 

Dielectric in the Light of the New Theory of the Atom. G. Jacoby . 2920 

Dispersion on Quantum Hypothesis. K. F. Herzfcld . 2071 

Earth as Reference System for Light Rays. L Silberstein. 2672 

Electric Moment and Electrical Structure. C. P. Smyth . HM> 

Electrical Conductivity and the Bohr Atomic Theory. O. Feussner . 2 ;»h2 

„ Field. General Formulation of Movement in. Mary E. Laing. 2871 

Structure of Matter. E. Rutherford. 215 

„ Theory of Solid Bodies. J. Frenkel . 2434 

Electron in Quantum Theory. Explosion of. C. E. Guye. 2307 

.. Theory of Chemistry. J. J. Thomson. L r > P » 

.. „ of Solids and Rigidity of Metals. D. Bancrji . 243'- 

Electronic Conduction in Metals. A. Bramley. 124« 

.. Orbits in the Alkali Metals. R. B. Lindsay. 2433 

Electrons in Atoms. Characteristics of. R. A. Millikan.■ •. 

.. , Distribution of. in the L Levels of Atoms. A. Dauvilher . 1382 

.. , Scattering of. by Positive Nucleus. C. Davisson. 311 

. see section Electromagnetic Theory. 

Elements. Complexity of. A. S. Russell. ••;;•••••• 2 '* 53 ' fJ‘ 

.. . Groupings of. and Spectral Lines of Hydrogen. F. H.Loring ..... 1009 

Ether Theory and Relativity Theory. Contradictions between. K. Gehrcke . • 
Excited Atoms. Chemical and Spectroscopic Properties of. and Reversible 

Effects of Electron Impacts in Gases. K. I. Compton ............ ■ • •»] ' 

Films. Liquid. Structure and Disintegration of. W. Taylor and M. Brillou.n 664 

Fluorspar, lattice Theory of. G. Heckinann...•• 131,1 

Gas Molecules. Effective Cross-Section of. towards Slow Electrons. C. ^ 

Gravitation upon Light from the Standpoint of the Ether Theory. K. Hiecke 2444 
Gyro-Magnctic Ratio. Null Method of Measuring. W.Sucksmithand L. F. Bates 33d 
Heat Equilibrium in Radiation Field in Presence of Matter. S. N. Bose and 

A. Einstein. J* 

Helium Nucleus. Structure of. Y. Takahashi.. ... ‘'•W 

.. .Neutral, Quantum Numbers for. A. K. Ruark. P. D Foote and 

F- L. Mohlcr. 

.. , Theory of. W. Heisenberg . 

.F. J. v. Wisniewski... JJJ* 

Hilbert’s Theory of Matter. Energy Components in. A. Hokowski . L» '6 

Hydrogen Atom. Possible Mechanics of. W. M. H. (’.ream. 

.. Molecule, Moment of Inertia of. R. C. Tolman. *•"! 

.. .. . Quantum Theory of. I,. Nordhcim. 7* 1 

.. -unlike Atom. Orbit of Valency Electron in. K. Basu. 1669 

.. . Chemical Constant of. W. H. van de S. Bakhuyzen. 

.. , Secondary Spectrum of. P. Das . ;••••• 

Impulse. Conservation of. during Stimulation and Ionisation-Shock. G. Joos 

and H. Kulenkampff.,. 20IMI 

Infra-red Absorption Measurements. Quantitative, and Molecular Structure. 

J. l-ocomte. r . 

Iron Molecules. Electric Dissymmetry of. A. Perrier and A. J. Staring . 602 

Isomorpilous Compounds (NH«) s ZrF t and (NH*),HfF,. Structure of. O. 

Ilassel and H. Mark ... 21,1 / 

Isotopes of Mercury and Structure of the Green Line. K. Brunetti. 2918 

lattices. Electrostatic Potentials and the Energies of. H Komfeld. 1383 

Light from Extra-Terrestrial Sources. Behaviour of. R. Tomaschck. 769 

„ . Propagation of. in Interstellar Space. P. I-enard . "70 

Linuids. Anis«»tropic. Theory of. C. W. (Keen. 1675 

Lithium, p and d Terms of. F. J. v. Wisniewski... 2438 

For the Explanation of this Index we p. 1154. 



















































1206 


SUBJECT INDEX. 


Abstract Nos. 

Molecular Physics, Matter, and Ether, continued. 

Magnetic Moments of Rotation and Magnetic Molecular Orientation. R. Lucas 661 

Magneton Numbers. Spectroscopic. A. Sommcrfeld . 213 

.Values of. P. Weiss .. 2436 

Mass-Spectrograph. Recent Results obtained with. F. W. Aston. 2603 

Michclson and Morlcy Experiment. E. Brylinski.430. 2922 

.. .. .. . L. Strum. 2206 

Michclson's Experiment. E. Brylinski . 1397 

. A. Metz . 1396 

,. . Lorentz’s Contraction and Relativity. E. Brylinski 1398 

.. .. . Precision of. E. Brylinski . 766 

Molecular Attraction and Combination. O. Maass. 2868 

.. Diameters, and van der Waals’ Vapour-Pressure Equation. S. P. 

Owen. 1230 

,, Field. Electrostatic Nature of. P. Weiss. 1384 

.. Fields and Cohesion. 11. Chatley . 2426 

.. Reflection, Nature of, and Law of Fall of a Sphere through a Gas. 

R A. Millikan . 208 

.. Roughness of a Mercury Surface. R. Gans. 2028 

,, Sphere of Action and Internal Pressure. W. Herz . 217 

Molecule-Structure and Absorption Spectra in Vapours. V. Henri. 837 

Molecules in a Fluid. Mean Distance between. C. V. Raman . 1997 

., in Upper Quantum States. Life of. R. C. Tolman. 1677 

. Gas. Effective Radii of. L. L. Ncttlcton . 1672 

.. .Quantum Theory of. M. Bom and VV. Heisenberg . 1387 

Moment of Inertia of Copper Molecule. R. Frcrichs. 8J3 

Moments. Electrical, of Atoms and Molecules. R. D. KIceman . 418 

Naphthalene-Vapour, Absorption Spectrum of. and Structure of Naphthalene 

Molecule. V. Henri and H. de I*dszl6 . 2774 

Neon and Argon. Structure of. H. Collins . 1888 

„ Spectrum. Structure of. A. Landc. J{ 

. Motion of Electrons in. V. A. Bailey...J071 

Newtonian Hyperbolic Reflection. Hodograph of. C. Barus . *395 

Non-Polar Link. Nature of. N. V. Sidgwick... J0J8 

Octet Stability and Reactivity in Carbon Compounds. R. Robinson. ljWJ 

Optical Doublets and Triplets. Absolute Intervals of. A. Land<5 . 2503 

Oun, Application of, to Series Grouping. \V. M. Hicks . 2750 

Paschcn-Back Effect in the H Atom. H. Falkcnhagen. 2749 

Periodic System. Representation of. W. Palmaer.*• • • • 2800 

Photoelectric Ejection of an Electron from an Atom by X-rays of chance. 

G. E. M. Jaunccy ...J791 

Photolysis. Uranyloxalatc. Quantum Sensibility of. P. F. BOchi.Z8«W 

Physical Properties of Elements at High Temperatures. M. N. Saha . ‘W" 

Polarities. Alternate, in Chain of Atoms. A. Lapworth and R. Robinson .... JjJ* 8 

Polarity. Variable, in an Atom. H. Henstock .• • l® 21 

Propagation of Light and Several New Investigations of Rudolph Tomaschck, 

Ballistic Principle in. M. la Rosa. 2903 

Quantum Integrals, Evaluation of. J. H. van Vlcck . 

. -Numbers, Half-Integral in the Theory of the Stark Effect. A. M. 

Mosharrafa.... 260b 

„ Theory and Dielectric Constant. J. H. Jones. 2688 

applied to the Magnetic Field. W. Gcrlach and O. Stem ... 2602 

of Atomic Construction. Difficulties of. A. Land6. 78* 

of Radiation. N. Bohr. H. A. Kramers and J. C. Slater .... 2066 

" , Basis of. H. A. Senftleben.1688, 2909 

” , Atoms, and Radiation. O. Lodge . . 28 

Radii of the Alkali and Halogen Ions and of the Atoms of Inert Gases. W. P. ^ 

Radio-Active Transformations, Quantum Theory of. A. Smekal. 2793 

Recoil Electrons by Polarised X-rays. Distribution of. G. E. M. Jauncey .. ZUy» 
Refraction, Mass, of Ions and Molecules in the Light of the Atom Structure. 

K. Fajans and G. Joos. 

Rqfractivity and the Molecular Phase Hypothesis. I. E. C. C. Baly and 

R. A. Morton... 2716 

Rbntgenographic-chemical Investigations. M. Siegbahn .* • 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 


Molecular Physics, Matter, and Ether, continued. 

Rotatory Crystalline Dispersion. L. Longchambon. 20.>0 

Rutherford’s Neutrons. A. Pontremoli ...•. 23 

Scattering of Particles by an Einstein Centre. W. S. Kimball . 13sy 

Selection Principle. C. N. Wall.. 21,23 

Series Electrons in Sodium Atom. Orbits and Transition Probabilities of. 

W. Thomas. •••••• 2431 

Slip and Momentum Transfer in Hydrogen. Helium. Air and Oxygen, toclfi- 

dents of. E. Blankenstein.- 131,0 

Sodium Salts of Fatty Acids in Soap Curds. Fine Structure of. s H Piper 

and E. N. Grindley. 210 

Solids. Constitution of. C. E. Mendenhall. 13 ''J 

Spectra and Sizes of Alkali Metal Atoms. L. A. Turner. ... 41' 

.. . Arc, according to Bohr’s Theory. Quantum Assignment lor. I • ?>• 

Brackett and R. T. Birge.... 

Statistical Entropy and Molecular Number. L. Nordheim ..- 11 

Supplied Energy. Spectral Intensities and Alterations in Different Media. 

Relations between. L. Hamburger... -'''/ 4 

Surface Energy Data. Interpretation of. G. M. Bennett . *;J; 8 

Molecules and Surface-Tension. Orientation of. S. bugden .. -uu 

Tension of Colloidal Solutions and Dimensions of Certain Organic 

Molecules. P. L. du Nowy.. ••••••-:-■•••••• ■ • • LSi, “ 

Thcory of Bohr. Kramer and Slater. Method of lestmg Experimentally. W. * 

Bothe and II. Geiger.• •.• • •: • •;•• - V i. 

Trouton’s Law of Latent Heat and Quantum 1 heory. Revised Form of. A. 1 .yk -M*J 

Valence and the Electron. G. N*. Lewis.• • • • • •••••; . J ' ! 

Valency Bond. Electrovalcncc and Covalence S. H. C. Briggs. • 4t» 

, Bohr’s Atom in Relation to Problem of. R. H. Fowler. 1017 

.. . Electronic Theory of......... . 

„ . B. FlQrscheiin.• • • •... 

, Part II, Intramolecular Ionisation in Organic 

,. ^Elwtronic Thcory^Part IV. Origin of Acidity. T. M. Lowry .... 3«J70 

Wave and Motion. Correspondence between. L. de Broglie. 

X-rays and the Atom. O. Lodge . 1 

Oscillations and Waves (Electric), see also Rays and Discharge and 
Section Telegraphy (Wireless) in Section B. 

Absorption and Spectra of Methyl and Ethyl Alcohol. G. Potapcnko WUi 

Amplification of the Currents of Photoelectric Cells. G. I em*. K. JoimhsI ( ^ _ 

Arc. I.ow d Voitage He 1 iuin". Oscillations in. C 11 F-ckart ami K.1 1277 
Audio Frequencies. Variable Inductance Coils for. H. Wintcr-t.ftntlicr and 

J. Zcnneck . 

Back-coupled Circuits. Surges in. K. Heegner. • 

Constant-Frequency Oscillations. R. Gunn .. .. .•••” •.. “.J 

Coupled Circuits with Valves. Unstable Oscillations and Surges in. K. Heegner -hn 

„ Circuits, Oscillations in. E. T. Jones . .. ' 

.. Oscillations. Excited. Amplitudes of. W. Eunge..... . 

Decrement Determinations for Highly Damped Circuits. O. Meisser ........ »8U 

Determination of Period of High-Frequency Electric Oscillations. I ropagation 

along. M. Mcrcicr .... 

Dielectric and Conducting Spheres. Natural Electric and Magnetic Oscillation 

of. C. Schaefer and K. Wilmsen .. • • .. , ' , 

Electric Oscillation Measurements. Single-Spark Method for O. Meisser. .rw 

Forced Oscillations in Self-Maintained Oscillating Circuits. W. A. Lcyslion .. 1.17 

Generation of Polyphase Oscillations by Triodes. It. Mesny. 

Harmonic and Multiple Synchronisation. J. Mercier . 

Hertzian Waves and the Atmosphere. J. Guinchant . *-»7» 

„ „ . Short Continuous. G. C. Southworth . 

Maxwellian Radiation. Dielectric Properties required for A. Prc-ss. 3010 

MeasuremenU of Oscillations of Single-I-ayer Coils. W Hofmeicr. > •”»» 

Moving Continuous Media. Electromagnetic Waves in. L Roy . Mil 

Optical Constants of Liquids for Short Electric Waves. J. I). I ear ..118 

Oscillating Circuits with Iron-cored Inductances. L. Casper, K. liubmann 

and J Zenncck ... 2578 

For the Explanation of this Index see p. 1154. 
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Oscillations and Waves (Electric), see also Rays and Discharge and 
Section Telegraphy (Wireless) in Section B, continued. 

Oscillation Circuits, Calculation of. G. Kuprijanow and P. Schmakow. 907 b 

Polarisation of Resonance Light. Influence of Magnetic Field on. G. Joos ... 2052 

Propagation and Reception of Wireless Waves. F. Kiebitz. 960 

„ of Electric Waves in a Straight Metallic Wire. K. Forsterling .. 138 

of Electromagnetic Waves. D. R. Hartree .•. 29 

Reflection and Refraction of Electrical Waves. K. Fbrsterling. 1901 

Registration of Electromagnetic Oscillations of High Frequency. A. tiufour.. 1929 

Resonance Curves and Types of Damping. D. Roschansky. 1902 

Rotation of the Plane of Polarisation of Electromagnetic Waves. K. F. 

Lind man. 2954 

Short Electric to Long Heat Waves. Change-over from. M. Lewitsky . 1566 

„ Electromagnetic Waves up to 82 Microns. A. Glagolewa-Arkadicwa ... 1904 

,, Wave-lengths, Experiments on. R. Mesny . 1905 

„ ., Oscillations. G. Breit. 1903 

„ Waves with Tubes having a Glowing Kathode, Production of. A. 

Scheibe . 961 

Stationary Electromagnetic Waves. W. Kopp. 621 

Triodc Oscillator, Stability of Periodic. States ol. W. M. H. Greaves. 1557 

Valve Transmitters, Oscillographic Study of. A. Dufour and R. Mesny .... 969 

Wave Filters. F. Conrad . 1906 

Waves, Stationary, on Free Wires and Solenoids. A. Press. 584b 

Wireless Telegraphy, see section B. 

Osmosis. 

Aqueous Solutions. Origin of Osmotic Effects. C. Gillet. 340 

F.lectro-Endosmosis and Electrolytic Water Transport. H. Remy. 175 

Electrosmosis and Electrophoresis. O. C. Ralston. 1041 

Kinetic Theory of Osmotic Pressure in Strong Electrolytes. P. Debye . 158 

Osmotic Equation of State and the Activity of Electrolytes. P. Debye .... 1957 

,, Pressure of Electrolytes. E. and H. Hammarstcn. 1602 

,, .. . Membrane-Potential and the Flocculation of Colloids, Theory 

of. N. Bjerrum. 2853 


Phosphorescence and Fluorescence. 

Chemiluminescence. A. Pctrikaln. 1697 

Dyestuffs, Photoluminescencc of. A. Carrclli and P. Pringshcim . 497 

Fluorescence. A. Gycmant. 2744 

,. . S. Valcntiner and M. ROssiger. 2494 

,, and Absorption Spectra of Alkalies. J. C. McLennan and D. S. 

Ainslic. 84 

.. of iEsculin Solutions. (Miss) M. B. Kearney . 2063 

,. of Didymium in Glass. N. C. Krishnaiyar . 2262 

,, of Dyestuffs. Polarisation of. E. Gaviola and P. Pringshcim .... 2263 

„ of Lead and Bismuth Vapour. H. Kopferman. 1447 

,. of the Alkaloids. E. Bayle and R. Fabrc. 2266 

,, Spectra of Phenol and Phenolic Ether Vapours. J. K. Marsh.... 1108 

„ Yield from Dyestuff Solutions. S. J. Wawilow. 1446 

„ , Destruction of, by Ultra-Violet Light. (Miss) F. M. Cale . 77 

„ , Sensible, of Gases. J. Franck. 613 

,, , Spcctrophotomctric. Definition of Colours of. H. George and 

E. Bayle . 2268 

., , Ultra-Violet, by X-rays, Spectrographic Study. J. O. Perrine ... 537 

Fluorescent Rhodamin B, Optical Properties of. A. Poritsky. 2264 

,, Solutions, Rotatory Dispersion in. A. Carrelli. 76 

,, Tubes. Radiations which excite Fluorescence.Rislcr. 79 

Fluorescing Power. Decrease of. F. Perrin. 2261 

Luminescence of Organo-Magncsium Halides. R. T. Dufford. S. Calvert 

and Dorothy Nightingale. 269 

„ of Titanium Oxide. E. L. Nichols ..;. 498 

„ produced by X-rays. A. J. de Beaujeu . 600 

Organic Compounds, Fluorescence of. E. Bayle and R. Fabre. 1160 

Phosphores and Stokes's Rule. B. Gudden. 1169 

„ . Electrical Conductivity of, and their Light Emission. B. Gudden 

and R. Pohl . 1265 

Phosphorescence Centre. A. Schlccdc . 260 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Phosphorescence and Fluorescence, continued. 

Phosphorescence of the Rare Earth Elements in Phosphorescent Alkaline 

Earths. R. Tomaschek . 2900 

„ , Energy liberated during. A. A. Guntz .2959 

, Polarised. A. Carrclli and P. Pringsheint. 78 

Photoelectric and Phosphorogenic Effect. M. Curie . 2491 

Photoluminescence of Flames. E. L. Nichols and H. L. Howes .480. 1448 

Polarised Fluorescence in Colour Solutions. F. Weigcrt and G. Kappler - 2735 

.. Light. A. Carrelli. 2205 

Fluorescent Light from Dyestuff Solutions. W. L Lewschin. 2734 

Radio-Chemistry and Fluorescence. J. Perrin. 499 

Solid Solutions. Photoluminescencc of. M. Curie. 2005 

Time Lag between Excitation and Emission in Fluorescence. P. F. Gottling. 1101 

Viscosity and Fluorescence. F. Perrin. 2405 

X-ray Fluorescence and the Comparison of the Intensity of X-rays. W. 

Kossel . 873 

Phosphorescence. J. A. Bearden. 2780 

Zinc Silicate, Fluorescent, and X-rays. A. Schleede and A. Gruhl . 872 

Photo-Electricity. T ’J| 

Alkali Metals. Normal and Selective. Photo-effect of. K. Farwig. 1259 

Amplification of the Current of Photoelectric Cells. G. Ferrit, R. Jouaust and 

R. Mcsny. 054 

Argentite (E. M. F ). Photoelectric effects in. P. H. Geiger . 030 

CxMum Vapour, Photoelectric Effect of. J. Kunz and E. H. Williams. 595 

Cinnabar, Photoelectric Conductivity of. B. Gudden and R. Pohl. 904 

Cuprous Oxide and Selenium. Light Sensitivity of. V. P. Itarton . 1913 

., „ Photo-Voltaic Cells. A. D. Garrison. 1325 

„ „ with Photoelectric Properties. Formation of. J. Pionchon and 

(Miss) F. IX-mora. 2028 

Electrodes, Metal. Action of Light on. R. Audubcrt . 090 

Glow Electronic Emission at Transition and Melting-Points. A. Goetz. 005 

Heat Treatment and Photoelectric Emission from Platinum F. G. Tucker .. 1542 
Helium. Photoelectric Properties of. J. S. Townsend and S. P. McCallum ... 1880 

Hertz Gratings. C. Schaefer. 2139 

Kathode Fall. Normal, and Photoelectric Sensitiveness of Metallic Sulphides 

and Metallic Oxides. B. Aulenkamp . 303 

Light on Metals in Solutions of their Salts. Electromotive Force produced by. 

G. Athanasiu . 1321 

Molybdenite, Thermoelectric and Actinoclectiic Properties of. W. W. Coblent/ 2592 

Photoelectric Activity. Variation in. T. H. Osgood. 2142 

„ and Calorific Action of Radiation on Metals plunged into Solutions 

of their Salts. G. Althanasiu... 1317 

,, and Phosphorogenic Effect. M. Curie . 2491 

,. and Photochemical Activity. O. W. Richardson. 2080 

.. Cell, New. I. Tykocinski-Tykocyner and J. Kunz . 1917 

., Cells, Amplification of the Currents of. G. Ferri6, R. Jouaust and 

R. Mesny .. 1915 

„ Conductivity of Diamond. (Miss) M. 1-evi . 140 

.. Currents. W. S-hot iky . 134 

„ Efloct. R. DQmpelmann and W. Hein . 1883 

.. . E. Fermi. 993 

„ „ . F. Kirchner. 2580 

.. „ and Temperature. M. Curie . 3048 

., Ejection of an Electron from an Atom by X-rays of Chance. 

G. FI. M. Jaunccy . 2791 

„ Emission from Insulators. P. Cardani. 139 

Photoelectricity. S. Timpanaro. 141 

Photoelectronic Velocities. Symmetry of. R. J. Piersol.:.. 1884 

Photoclcctrons Liberated by Rontgen Rays. Directions of Emission of 

W. Bothe . 2518 

Photovoltaic Cell. Behaviour of Silver Iodide in. A. Garrison . 2190 

Polarisation. Influence of. upon Photovoltaic Flflects. R. Audulx-rt. 1034 

Potassium Photoelectric Cells. H. E. Ives . 2027 

Radio-photoluminescencc and Radio-luminescence. K. Prziliram ami 

Elizabeth Kara-Michailova. 2002 

For tlie Explanation of this Index see p. 1154. 
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Abstract Nos. 

Photo-Electricity, continued. , , 

Reflection of Electrons Induced by Light. I. Langmuir. 928 

Rock-salt Crystals. Photoelectric Action in. J. Bingel. 1258 

Statistical Equilibrium in Relation to Photoelectric Effect, and Determination 

of Absorption Coefficients. E. A. Milne . 833 

Tertiary Radiation produced by Impacts of Photoelectrons. G. L. Clark and 

W. Duane..2102 

Thermionic and Photoelectric Properties of the Electro-Positive Metals. 

A. F. A. Young . 927 


Photography. 

Apparatus, see separate section. 

Bcctiuerel Rays. Photographic Action of. R. Walder. 875 

Blackening of Photographic Plates, Laws of. H. Buisson and C. Fabry.... 1766 

Camera, High-speed, for Study of Projectiles. H. L. Curtis. W. H. Wadleigh 

and A. H. Sellman. 2406 

Characteristic Curve. Under-Exposure. Period of. R. Luther . 1014 

Development of Faint Images in Fogging S. R. Pike....•.• 793 

,, of the Latent Image after Fixing. L. Lumidrc, A. Luini^re and 

A. Seyewetz . 

Discharge. Electric. Photography of. with the Positive Column in Motion. 

G. Valle . 2672 

Emulsion. Photographic. Structure of. E. P. Wightman. A. P. H. Trivelli and 

S. E. Sheppard. JJJJ 

.. , Physical Chemistry of. and of the Vehicle. T. S. Price.. *011 

Silver Bromide. Sensitivity of; Action of Chromic Acid. W. 

Clark . 1013 

Emulsions. Photographic. Size-frequency Distribution of Grains of Silver 

Halide in. E. P. Wightman, A. P. H. Trivelli and S. E. Sheppard- '4 

Exposure Theories. S. E. Sheppard. A. P. H. Trivelli and E. P. Wightman 495 

Fundamental Problems in Photography. T. S. Price ... ••••• 

Gelatin. Photographic Chemistry of. S. E. Sheppard, F. A. Elliott and S. S. 

Sweet. J®* 

Latent Image Formation. Mechanism of. F.C.Toy.“ 

Lens for Whole-Sky Photographs. R. Hill.27z» 

Lenses and Objectives, see separate section. 

Lummcr Plate, Use of. G. Hansen.• • • • • • •.. u 

Mercury-Vapour Lamps. Physiological and Photographic Effects of. M. 

Leblanc and Broca . 1 . .. 

Optical Properties of the Photographic Emulsion F. E. Ross. 

Photochemical and Photoelectric Activity. O. W. Richardson ............. ZOW 

Photochemical Decomposition of Monochlor- and Monobromacctic Acid and 

.. Equivalence and the Dry Plate. J. Eggert and W. Noddack. 4UU 

„ .. law in Silver Halide Emulsions. J. Eggert . 

Photochemistry of the Photographic Dry Plate. Part II. F. Weigcrt. 

Photographic Blackening-Law for X-rays. E. JOnsson . •••••• . “ . 

.. Exposure. Time and Intensity in. L. A. Jones and E. Huse ..... 

Film. Mensurational Characteristics of. F. E. Ross ............ 

Objective in England and America between 1800 and 1876. 

.. M V Photometry in the Ultra-Violet. G R. Harrison and C. E. Hesthaj 1766 
Plates, Exposed. Diffusing Power of J. Eggert and G. Archcnhold 

„ , Some Properties of. C. Fabry and H. Buisson . 

Photographs by Wire and Wireless. T. T- Baker .1 

Photography in Science. Industry and Medicine. T. T. Baker . •••••••• “ ou 

Photomicrography. Ultra-Violet. Focus-Finder for. W. T. Bovie and C. E. ^ 

Phototypes of Large Size over Great Distances. Projection of. L. Luraiire 2480 

Physical Chemistry of the Photographic Process... J31J 

Plates. Mixed. Colours of. K. S. Rao .... 

Schwarzschild Constant, Determination of. J. K. Robertson .. 

Sensitivity of Silver Halide Grains. W. Clark .. • • l*®* 

Sensitometry. Grey Wedge and its Use in. E. Goldberg . 

Silver Bromide, Behaviour of, to Rays of Short Wave-length. T. Thorne- 

Baker..... . .... . ....... i «*«. 831 

For the Explanation of this Index see p 1154. 
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Abstract Nos. 

Photography, continued. 

Silver Halides. Dispersity of. F. E. E. Germann and M. C. Hylan . 1781 

Size-frequency Distribution of Grains of Silver Halide in Photographic 

Emulsions. E. P. Wightman. A. P. H. Trivelli and S. E. Sheppard-2492 

Solarisation. Studies in. H. Scheffers. 832 

Surveys from the Air. C. F. Close .1524 b 

Theory of Photographic Sensitivity. S. E. Sheppard and E. P. Wightman .. 258 

of Photography. W. D. Bancroft . 493 

Three-Colour Photography. Absorption of Printing Colourand Errors occurring 

in. A. J. Bull . 75 

Topochemistry of Development and Sensitising Nuclei. S. E. Sheppard. E. P. 

Wightman and A. P. H. Trivelli. 834 

Ultra-red, Photographic Method in. A. Terenin . 2084 

Photometry. 

Brightness. Perception of. in Relation to Colour. A. Duschck-Frankfurt ... 1410 

Colour Match and Spectral Distribution. W. E. Forsythe . 1415 

.. . Determination of. in Terms of Dominant Wave-length. Purity and 

Brightness. I. G. Priest. 1418 

Daylight Factor. Measurement of. A. K. Taylor. 1773 

Fatigue in Different Regions of the Spectrum. E. Haas . 820 

Glitter and its Measurement. H. Schulz. 1772 

Hefner Lamp. Effect of Barometric Pressure on Candle-power of. A. Boltz¬ 
mann and A. Basch. 235 

Illumination of a Surface by a Spectroscopic Slit. A. Hnatek . 1438 

Industrial and Technical Photometry, see Section B. 

Law of Weber-Fechner to Photometry. Application of. P. Lasareff . 2054 

Light Distribution. L. Bloch... 1122 

Low Brightness Photometer. E. Karrer and A Poritsky. 1427 

Photographic Blackening Law for X-rays. E. lonsson . 2099 

„ Photometry in the Ultra-Violet. G. R. Harrison and C. E. Hesthal 1706 

„ . see section Photography. 

Photometer. Brightness. Optical Pyrometer as. W. E. Forsythe. 1771 

„ , New Flicker, for Hctcrochromatic Photometry. J. Guild. 1775 

,. , Star. New Photoelectric. P. Guthnick . 2951 

Photometers, see section Apparatus and Instruments (Physical, excluding 
Electrical). 

Photometric Disc. New Type of. E. Karrer . 2042 

,, Matching Field. L. C. Martin. 04 

,. Measurements. Uniformity of Photographic Plates in. (Miss) 

Clavier. 1708 

Photometry in the Ultra-Violet. W. Wien . 1784 

Primary Standard of Light H. B. Ives . 2040 

Rotatory Dispersion Method of Colorimetry and Ileterochroniatic Photometry. 

I. G. Priest. 820 

Spectral Complementaries, Normal Colour Sense R. H. Sinden. 1417 

.. Transmission. Measurements of. I. G. Priest. II. J. McNicholas and 

M. Katherine Frchafer. 1434 

Thermoelectric Photometer, Magnitude Errors with. H. T. Stetson and E. F. 

Carpenter . 234 

Transmission of Light in Instruments. Measurement of. G. W. Moffitt and 

P. B. Taylor . 2051 

Tube Photometer in Spectro-Photometry. Application of. K. Schaum. W. 

Hcnss. 2481 

I 'lira-Violet Dosage with Quartz Mercury-Vapour '.amp. J. M. Eder. 244 

Polarisation (Electric Waves). 

Rotation of the Plane of Polarisation of Electromagnetic Waves. K. F. 

Lind man . 2954 

Polarisation (Electrolytic). 

Electromotive Ec|uilibriuin and Polarisation. A. Smits. 2(135 

Nickel. Influence of Temperature on Polarisation of. S. Triandafll. 2047 

Overvoltage and Intermittent Current Elect rolys*:. S. Glasstone. 17« 

„ . see also section Electrolysis. 

Passivity, see also section Electrolysis. 

Photovoltaic Effects. Influence of Polarisation u|>on. R. Audubcrt . 1034 

For the Explanation of this Index sec p. 1154. 
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Abstract Nos. 

Polarisation (Electrolytic), continued. 

Polarisation Capacities with Alternating Current. V. Sorrel. 097 

„ Capacity and Resistance of Electrolytic Cells at Radio-frequencies. 

C. B. Jolliffe . . .. • 

Rotating Electrolytic Polarisation. S. Magrim, erroneously printed Q. 

Majorana . ^ 

Polarisation (Light, including Magnetic Rotation). 

Atmospheric Optical Polarisation. S. Aurino . 482 

Camphor and Carvonc. Electric Birefringence of. R. de Mallemann . 1124 

Colours produced by Rotation of the Plane of Polarisation. C. Pulfrich . 2256 

Crystals, Optical Activity in. H. Chipart..... 1442 

Depolarisation of Light by Suspensions. O. Groll . 

„ . W. Koenig .. 2258 

Electromagnetic Theory of Rotatory Polarisation. H. Chipart .. 2067 

Factor of Polarisation for N„. CO,. O,. Air. N T „ NO. H,. CO. J. Cabannes and 

J- Granier . “J® 

Faraday Effect. W. Gerlach . 2748 

Fluorescence of Didymium in Glass. X. C. Krishnaiyar... 

of Dyestuffs. Polarisation of. E. Gaviola and P. Pnngshcim .. 2263 
Fused Salts. Polarisation Effects in Films of. D. B. Deodhar and G. B. ^ 

Glucose, Mutarotation of. H. v. Euler, K. MyrbAck and E. Rudbcrg. 1443 

Magnetic Field and Polarisation of Canal Ray Light. R. v. Hirsch. ^747 

.. Rotation in Sputtered Cobalt Films. L. R. Ingersoll . 17 ” 

Magneto-Optic Phenomenon. New. M. Holmes. 

Metallography in Polarised Light. L. C. Glaser... "oo 

Optically Active Substances. R. Gans.• • • • • --- • 

Oscen’s Theory of the Rotatory Power of Optically Active Liquids. A. 

Gumprich . 

Polarimeter and its Practical Applications. C. A. Skinner.. ** 9 

Polarisation of Light diffused laterally by Transparent Gases. J. Cabannes 

and J. Granicr.. • • • . ... • • ;. 

of Resonance Light. Influence of Magnetic Field on. G. Joos.... 

Radiation. G. Breit ... 20 “J 

of Scattered Light. C. V. Raman and K. S. Rao. J" 

. Atmospheric. J. J. Tichanovsky.. t 

Polarised Fluorescence in Colour Solutions. F. Weigert and G. Happier. 

Light. A. Carrelli... 

.. Fluorescent Light from Dyestuff Solutions. W. L. Lewschm. 

Quantum Optics. G. Wentzcl... 

Reflection of Plane Polarised Light by Etched Metals. O. Jones... 

Resonance Light. Influence of Magnetic Field on Polarisation of. G. Joos .. 

.. , Polarisation of. L. S. Ornstcin and H. C. Burger.Jjjr 

Radiation of Vapours. Polarisation of. P. Pnngshcim .. 

„ Sodium. Polarisation of. in Magnetic Fields. E. Gaviola 

and P. Pringshcim.. • • • • • • • 1 

Rotation of Plane of Polarisation of Light in Liquids by a Magnetic Field. 

M. Scndc and G. Wiarda... 

Rotatory Dispersion of Tartaric Acid. L. Longchambon ... j* 

Polarisation of Light. Stokes on Theories of J Larmor. 

.. . Electromagnetic. Theory of. H. Chipart. 1‘J* 

.. . Natural. Theories of. H. Chipart.. 8Z7 

Power. Theory of. R. de Mallemann .. . 

Slits, Effect of Material of Sides of. on Intensity of the Light transmitted. 

C. R. Smith ...,Y oilfi 

Stress Distribution. Optical Investigation of. W. Birnbaum...i /•. - 24l» 

Tungsten Filaments, Short-Wave Radiation from. M. Luckiesh, L. L. 

Holladay and A. H. Taylor.. . ... 204 

Pressures, High and Low. 

Acetone. Density and Viscosity of. at Low Temperatures. E. H. Archibald 

and W. Ure. 

Compressibility of Gases under High Pressures. P. W. Bridgman . 

Gases. Volume Changes of. under High Pressures. P. W. Bridgman. J *" 

Time Service for 1923. International. G. Bigourdan. 

Vacua, High and Low. Properties of Gases in. E. Rutherford ... 1368 

For the Explanation of this Index see p. 1154. 
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Abstract N'o,. 

Radiation (Heat). Convection, and Emissivity. 

Black Body Radiation at the Melting-Points of Gold and Platinum. Relative 

Brightness of. F. Hoffmann . 3004 

Cavity Radiation and Quantised Atoms. Equilibrium between. O. Halpern . 1220 
Convection of Heat. Free and Forced, in Gases and Liquids. C. W. Rice .... Will 

.. . Forced, of Heat in Gases and Liquids. C. W. Rice. 2288 

Convective Cooling of Wires in Streams of Viscous Liquids. A. H. Davis. 2287 

Emissive Power. Thermal, and Electrical Resistivitv of a Metal. C. Davisson 

and J. R Weeks. Jr. 2205 

Energy in Radiation. W. But he . 750 

Heaviside's Expansion Theorem. Applications of. E. P. Adams. 5711 

Light Radiation and Total Radiation of Wolfram. E. Lax and M. Pi rani- 2270 

1-ong Heat to Short Electric Waves. Change-over from. M. I.cwitsky. 1550 

Mirrors. Selective Transparent, in Radiation Theory. O. Halpern. 578 

Nature of Thermal Radiation. M. Planck... 1841 

Paints respecting Heat Radiation from Surfaces. Emissive Tests of. W. W. 

Coblent/, and C W. Hughes. 2038 

Pipes in Air. Heat Dissipation from. A. H. Gibson. 742 h 

Planck's Law and the Light Quantum Hypothesis. Bose. 2812 

Quantum Theory and its Experimental Proof. R. Ladenburg. 27 

„ of Radiation Equilibrium. A. Einstein and P. Elirenlest- 702 

Radiant Energy. Visibility of. K. S. Gibson and E. P. T Tyndall. 824 

Radiation from Combustible Gases. A. Sc hack. 2207 

.. Pressure and Adiabatic Invariance. Dvnainical Illustrations of. 

T. II. Havelock ..'. 2003 

Theory and Specific Heats by E CsAszAr. E. Sclirodmger. 2544 

. . Is it One-'ided ? G. Joos. .••••. . 823 

Radiometer Investigations ami Theory of E Einstein. W. Gcrlach and 

E. Made lung. 1238 

Stefan-Boltzmann I .aw. Constant a of. A. Kussmann . 2804 

Theory of Radiation. Function AX d(A0) in. C. Henry . 1230 

Thermal Emission ami Evaporation from Water. M, Allen. 1847 

Equilibrium Ix’twcvn Radiation and Free Electrons. W. Pauli. Jr. 577 
.. Radiation of a Uniformly Heated Enclosure. Uivs of. W. W. 

Coblent/.. 1510 

Tungsten, Emissive Power and Melting-Point of. A. G. Worthing. 1500 

Radio-Activity. 

Air in the Schnccbcrg-Obcrschlcma Borings, Radium Emanation. Content of 

P. Ludcwig and E Lorcnser. 1400 

Alkali Metals, Radio-Activity of. G. Hoffmann. 881 

n-Particle Counter. Geiger. \V. Kutzncr. 2118 

,. from RaC. Number of Ions produced by. H. Fonovits-Smerckcr 880 

u Particles by Light Nuclei, lairgc-anglc Scattering of. E. S. Bieler . 1832 

.. . Bombardment of Elements by. K. Rutherford and J. Chadwick . 1833 

., , Capture and Loss of Electrons by. E. Rutherford . 1205 

.. . Determination of Effective Path of. S. C. Lind and D. C. 

IJardwcll. 550 

.. , Number of. emitted from Radium. H. Geiger and A. Werner .... 1203 

.. . Scattering of. Effect of Deviations from Inverse Square Law on. 

K. S. Bieler. 501 

n- and B -Particle Counter. Pointed Electrode. Mode of Action of. H. Geiger.. 2084 
a-Ray Bulb as a Source of Ionisation. Characteristics of. I>. C. Hard well nnd 

H. A. Doerner. 500 

/i-Rays and Canal Kays. Neutralisation of Nuclei and Secondary Radiation 

with. E. Km. hard t . 1254 

,. from U1 and U1I. Range of. B. Cbidden. 2080 

.. in Different Gases. Ionisation along Path of. F. Ilaucr. 884 

.. in Helium and other Gases. Tracks of. W. C. McQuarrie. 1502 

.. . Energies of. and Atomic Numbers of the Elements. L. Myssowsky .. 502 

Atmosphere, Ionisation of. tte also section Static Electricity. 

Atom. Nucleus of. E. Rutherford. 1377 

Atomic Nuclei, Disintegration of. II. Pcttervson. 1834 

Rays. Soft. T. Volmer. 2833 

Atoms. Artificial Disintegration of. G. Kirsch and H. Pettorsson . 1202 

BccqucrcJ Rays and Photographic Plates. K. Przibram . 100 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Radio-Activity, continued. 

Becqucrel Rays. Colouration and Luminescence produced by. S. Meyer and 

K. Przibram . 876 

,, Rays. Colouration and Luminescence produced by. K. Przibram 882 

Photographic Action of. R. Wilder . 876 

/3-particles. Ionisation by. R. H. Fowler . 1257 

/3-Ray Spectra. Interpretation of. C. D. Ellis and H. W. B. Skinner . 1207 

.. . Magnetic. Absolute Energies of Groups in. C. D. Ellis and 

H. W. B. Skinner. 1204 

,. Spectrum of RaB and RaC. C. D. Ellis and H. W. B. Skinner. 1206 

,, „ of Radium. O. Hahn and L\ Meitner. 2763 

,, . Continuous. Explanation of. L. Meitner . 887 

/3-Rays. Magnetic Deflection of. D. R. Hartrce-:. 885 

.. , Primary. H. T. Wolff . 2983 

. Secondary, by X-Rays in a Gas. P. Auger . 2121 

,, , ... produced by y-Rays from Radium. A. Enderle . 1208 

... ... produced in a Gas by X-Rays. P. Auger. 1503 

/3- and d-Rays from Metallic Film. Emission of. and Relation to Quantum 

Theory of Scattering of X-Rays. L. Simons... 2086 

Caesium: Is it Radio-Active ? H. Zwaardemaker. W. E. Ringer and E. Smits 883 

Calcium Persulphate, Reduction by/3-Rays. A. Kailan. 1210 

Capture and Loss of Electrons by Swift Nuclei. R. H. Fowler. 1200 

Change in Wave-length by Scattering. P. A. Ross . 282 

Chemical Action of Penetrating Radium Radiation upon Oxalic Acid. Potas¬ 
sium Tctra-Oxalatc and Potassium Chlorate. A. Kailan ... 286 

Action of Radiation from Radium. Part XV. Reduction of Calcium 

Persulphate. A. Kailan . 1210 

„ Action of Radium Rays. A. Kailan . 102 

Colour Effects produced by B - and y-Rays. Spcctrometric Measurements of 

Maria Bglar . 1211 

.. of Crystals. Alteration of. by Radium Rays. P. Ludewig and F. 

Reuthor... 

Colouring of the Diamond by Radium Radiation. S. C. Lind and D. C. 

Bard well. O'” 

Cosmic Origin of Radio-Active Substances in the Atmosphere. H. Bongards 1600 
Diffusion of Radio-Active Elements in Metals. L. Wcrtcnstein and (Miss) 

H. Dobrowolska .. • 556 

Disintegration of an Atom. Photographing. New Type of Rays. W. D. 

Harkins and R. W. Ryan.• • • • 287 

„ of Elements. Artificial. Further Experiments on. E. Rutherford 

and J. Chadwick....’- 

Distribution of Lengths of a-Rays. Irdne Curie. I® 7 

Earth’s Penetrating Radiations. Measurements of. W. Kolhdrstcr . 1098 

Electron Emission excited by a-Rays. A. Becker.. 304o 

Elementary Rays and Single Ions. Acoustic Observation and Galvanomctric 

Registration of. H. Greinacher .. ; ....*118 

Emanation Measurements. Normal Radium and Uranium Solutions applied to. 

P. Ludewig and E. Lorcnser. 8 'J 

.. Method for Radium. F. E. E. Gcrmann .... 1827 

y-Rays in Atomic Disintegration. L. Meitner .. 2798 

. Absorption and Scattering of. E. A. Owen. N. Fleming and 

Winifred E. Fagc.— : ... 2888 

„ , High-frequency, from Radium. J. Thibaud ... i....• 

Very Large Quantum, and the Photoelectric Origin of the Natural 

0-Spectrum of Radium. J. TLibaud . 2987 

Gastein Thermal Springs. Radio-activity of. H. Mache.... 1831 

Geiger Counter as a Sensitive Detector of X-radiation. H. Behnken, G. 

Jaeckel and W. Kutzner... 859 

Heat produced by Radio-Active Substances. Apparatus for Measuring. • D. 

Yovanovitch .‘ ‘ ... 2799 

Hydrogen Peroxide. Reduction by /3-Rays. A. Kailan . 1210 

Ionisation, see also section Dissociation and Discharge. 

Ionium-Thorium in Pitchblende from St. Joachimsthal. S. Meyer and C. 

: -• Ulrich .-.......v.'i.. 1830 

Isotopes, see also section Molecular Physics. i 

Luminosity of Radium Compounds and Temperature. J. A. Rodman ... I 50 * 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 


Radio-Activity, continued. 

Measuring Radiation from a Radio-Active Substance. (Miss) S. Maracineanu 554 

Mineral Springs. Radio-Activity of. C. Viola . 552 

Optically Active Media. Properties of. H. Chipart . 2039 

Particles. Long-Range, observed with Sources of Radium C. Origin and Nature 

of. E. Rutherford and J. Chadwick. 2989 

Penetrating Radiations. Experimental Fundamentals for Measurement of. 

W. Kolhorster. 2963 

Penetration of Radio-Active Substances into Metals. (Miss) S. Maracineanu 877 

„ of Radium Emanation Nuclei. E. Rie . 104 

Phosphorescence of Minerals coloured by Becquercl Rays. K. Przibram- 284 

Plants. Radio-Activity of. A. Nodon and D. Berthelot. 1201 

Polonium. Injected, in Animal Organs. Detection of. (Mrs.) J. S. Lattts and 

A. Lacassagnc . 1196 

, Particles of Long Range from. L. F. Bates and J. S. Rogers. 1501 

.. , Researches on Constant of. S. Maracineanu . 109 

Potassium Iodide. Reduction by /1-rays. A. Kailan . 1210 

Protactinium. Period of. J. H. Slennie. 110 

Radio-active Disintegration Series. W. P. Widdowson and A. S. Russell .... 2982 
„ „ and the Relation of Actinium to Uranium. 

A. S. Russell . 285 

„ Ions in the Bunsen Flame. E. N. da C. Andrade. 2117 

„ Radiation of Polonium. W. Kutzner. 2114 

Springsof Brambach and Obcrschlema. Emanation in. P. I.udewig 2530 

Transformations, Quantum Theory of. A. Sniekal . 2793 

Radio-activities, Small. Measurement of. G. Hoffmann . 2531 

Radio-acitivty. J. E. Underwood. 1497 

.. of Springs in Bagntres-de-Luchon. A. Lepape . 108 

Radio-Luminescence and Radio-photo-luminescence. K. Przibram and 

Elisabeth Kara-Michailova . 807. 2002 

Radium Balance. I. H. Clark. 1199 

C, Preparation of. H. Pcttersson . 1198 

., C\Short-Life Product. Rate of Decay of. J. C. Jacobsen . 880 

Content of Feebly Active Substances by the y-Ray Method. P. 

I.udewig . 1209 

„ Emanation, Exact Measurements of. A. Becker. 1505 

„ „ Purification of. V. F. Hess . 1820 

,, from Camotite. Extraction of. H. If Barker and H. Schlundt. 1829 

„ , Amount of. in Naturally Occurring Titano-Niobates. A. Karl and S. 

Lombard . 878 

, a-Particles ejected by. V. F. Hess and R. W. Lawson . 2281 

.. , Mcsothorium and Radiothorium. Estimation of. W. Hot he . 2280 

., , Thorium and Actinium. Particles of Long Range emitted from Active 

Deposits of. L. F. Bates and J S Rogers. 1197 

* Radon, Radio-active Constant of. Ir£ne Curie and C. Chamid . 2120 

Rocks, Radio-activity of. J. Joly . 2119 

Rubidium Radiation on Temperature. Dependence of. S. Geiger . 1195 

Scattering of Particles by an Einstein Centre. W S. Kimball . 1389 

.. of X- and v-Rays by Rings of Electrons. G. A. Schott .. 103 

Thermal Springs in Madagascar and Reunion, Radio-activity of. C. Moureu, 

A. Lepane and H. Moureu. 2795 

Thorium and Uranium, Connection between. G. Kiracli . 1194 

„ Emanation in Hot Springs A. Lepape. 1498 

., , Origin of. S. Meyer and C. Ulrich . 1830 

Uranium and Radium. Relation between. F. Soddv and A. F. R. Hitchins .. 2110 
., Mineral, Activities of Radio-active Sultstances in. W. P. Widdow¬ 
son and A. S. Russell . 553 

.. X. y-Rays of. O. Hahn and L. Meitner. 105 

.. . Radio-active Products of. W. G. Guy and A. S. Russell . 556 

X-ray and Radium Protection Committee. Revised Report No. !.1182 

Rays and Radiation (excluding X-rays). 

Aberration of Light in Terms of the Theory of Relativity as illustrated on a 

Cone and a Pyramid. V. Karapetoff . 2928 

Aluminium and Magnesium Oxide. Radiation Properties of. F. Henning and 

W. IIcusc . 517 

For the Explanation of this Index sec p. 1154. 
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Rays and Radiation (excluding X-rays), continued. 

Becquerel Rays. Colouration and Luminescence produced by. S. Meyer and 

K. Przibraip . 876 

Rays. Colouration and Luminescence produced by, K. Przibram . 882 

.. ... Photographic Action of. R. Waldcr. 876 

Canal Rays and a-Rays. Neutralisation of Nuclei and Secondary Radiation 

with. E. Ruchardt . 1264 

.. Rays. Doppler Effect in Line and Band Spectra of. H. Rau . 1272 

.. . Photographic Action of. M. Jakobson . 1273 

Carbon Bisulphide by Ultra-Violet Rays. Destruction of. G. Bruhat ar.d 

Pauthcnicr . 2352 

Chemiluminescence of the Iodide of the Millon Base. A. Pctrikaln. 2493 

Colour. Determination of. in Terms of Dominant Wave-length. Purity, and 

Brightness. I. G. Priest . 1418 

Crystal Structure, X-Ray Examination of. see also section Molecular Physics. 

,. Symmetry and Residual Radiation. C. J. Brester. 2435 

Deflection of Stream of Electrons by Electromagnetic Radiation. E. O. 

Hulburt. 309 

Duration of Light from Atoms and Damping of Spectral Lines. W. Wien.... 1784 

Earth as Reference System for Light Rays. L. Silbcrstein . 2672 

Einstein’s Light Quantum. Dimensions of. E. Marx. 2964 

Electrons. Free, and Radiation. Reciprocal Action between. W. Bothc. 1453 

Elementary Rays and Single Ions. Acoustic Observation and Galvanometric 

Registration of. H. Greinacher. 2113 

Emission of Light by Atoms. Determining Duration and Law of. E. Bauer . 1786 

.. „ from Excited Atoms. G. Mie . 1152 

.. of Quanta, and Inertia of Spherical Electric Layer. C. E. Guyc.... 2308 

.. . Luminous. Mechanism of. L. Dunoyer. 1786 

Energy Fluctations. Quantum Statistics of. M. Planck. 1076 

.. in Radiation. W. Bothc. 759 

y-Raysfrom Radium. A. F. Kovarik . 2283 

. Secondary Radiation Due to. D. Skobelzyn . 2282 

Hydrogen and Nitrogen. Dissociation of, by Excited Mercury Atoms. O. S. 

Duffendack and K. T. Compton.2134 

Infra-red Radiation. Instruments for detecting. D. S. Perfect . 2963 

,, Radiations. Permeability of Synthetic Resin to. G. Kimpflin .... 2030 
Kathode Rays, see also section Discharge. 

,. .. . Conductivity Changes of Phosphorcs by. E. Rupp. 968 

.. „ , Determination of Velocity of. F. Dacos. 1888 

.. , Oxides emitting. Radiation from. K. Teuckc . 1643 

Light from Extra-Terrestrial Sources. Behaviour of. R. Tomaschek. 769 

,, Quantum and an Electron. Impact between. L. S. Ornstein and H. C. 

Burger..V.. 1078 

., Radiation and Total Radiation of Wolfram. E. Lax and M. Pirani.... 2270 

,, , Propagation of. in Interstellar Space. P. Lenard. 770 

Luminisccnt Zinc Sulphides and Kunzitcs. T. Tanaka.2132 

Magnetic Field and Polarisation of Canal-ray light. R. v. Hirsch .....*. 2747 

Mass-Spectra, Part V. Accelerated Anode Rays. F. W. Aston. 1274 

Nagaoka’s Correction Factor K. E. J. Hobbs .2146 

Phosphorescence, see separate section. 

Photophoresis. O. Halpem ._. 1H9 

Planck’s Law and the Light Quantum Hypothesis. Bose . 2812 

Polarisation of Resonance Radiation. G. Breit . 2068 

Positive Rays of Lithium. Spectrum due to Stoppage of. M. Morand. 1876 

Poynting’s Theorem and Ray Propagation in Optically Active Media. H. 

Chipart .. 2066 

Pressure of Radiation. New Measurement of. A. Golscn . 1440 

Propagation of Light in Relativity Theory. W. Gordon . 223 

Quanta and Waves. L. de Broglie. 266 

. ., , Are they Unidirectional ? G. Breit. 608 

„ . Einstein Light. Size of. L. S. Ornstein and H. C. Burger . 1460 

,. . Light, and the Planck Law. I.. S. Ornstein and H. C. Burger . 1451 

.by L. S. Ornstein and H. C. Burger. W. Pauli, Jr. 1462 

., , .. . Diffraction and Interference. L. de Broglie . J. 267 

. Tentative Theory of. L. de Broglie. 1166 

...... Theory of. H. Bateman.... 266 

For the Explanation of this Index see p.1154. 
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Abstract Nos. 

Rays and Radiation (excluding X-ra>-s). continued. 

Quantum Problem. Field Theory and Solution of. A. Einstein. 1077 

.. Reflection and Refraction of Light. L. Brillouin. 2237 

.. Theory and its Experimental Proof. R. Ladenburg . 27 

.. „ of Radiation. N. Bohr. H. A. Kramers and J. C. Slater ... 2005 

„ Equilibrium. A. Einstein and P. Ehrcnfcst .. 7(i2 

Quartz Mercury Arc. Output of Radiation from. B. I). H. Watters . 2734 

Radiant Energy. Visibility of. K. S. Gibson and E. P. T. Tyndall . S24 

Radiation. W. P. Davcy.... 2072. 2093 

.. Field. Non-Homogcneous. W. VVessel. 1081 

.. from Combustible Gases. A. Sc hack. 2207 

.. from Oxides emitting Kathode Rays. K. Tcucke . 1343 

.. from Platinum. Emission of. M. Czerny. 2733 

.. of Iodine Bands. Processes during. O. Oldenberg. 2498 

.. of Light. H. A. Lorentz. 1133 

.. Problem. J. H. Jeans. 201 

.. . Is it One-Sided ? G. Joos. 823 

,, , Pressure of. E. A. Milne. 799 

Radiations. Production of. Intermediate between Ultra-Violet and X-ray>. 

G. Reboul and Bodin . 2733 

Radio-Activity, see separate section. 

Radiometer. A. Einstein . 2724 

.. . G. Hettner. 2723 

Construction. Improved. J. D. Tear . 2031 

Resonance Radiation, see section Spectra. 

Rdntgcnographic-Chemical Investigations. M. Siegbahn. 2103 

Stationary Light Waves. K. Leistncr. 2253 

.. .. K. Leistncr and W. Motrnis . 2743 

Stellar Mass through Radiation. Shrinkage of. H. Vogt . 2709 

.. Reversing Layer. I’revsurc in. and Origin of Solar Continuous Radia¬ 
tion. M N. Saha. 2708 

Tertiary Radiation produced by Impacts of Photo-Electrons. G. L. Clark 

and W. Duane. 2102 

Test of Theory of Radiation. G. P. Thompson . 833 

Theories of Luminous Waves and Carnot's Principle. H. Clupart . 1783 

Ultra-Red. Photographic Method in. A. Tercnin. 2084 

Velocity of Light. M. la Rosa. 14 Mi 

„ ,, and Variable Stars. M. la Rosa . 807 

Wave and Motion. Correspondence between. L. de Broglie. 2200 

X-ray Corpuscular Emission from Iron in a Magnetised and Uiimagnclncd 

State. G. A Carse and I). Jack .. 2101 

X-rays, see separate section. 

Reflection of Light. 

Diffuse Reflection of Light from a Matt Surface. E. M. Berry. 400 

Films. Thin Opaque Metallic. Production of. and their Optical Projierties. 

I*. Bother and K. Lauch . 1123 

Fresnel'* Laws of Reflection. Departure from. N K Sur. 238 

Measurements, see separate section. 

Metal Films, Opaque. Optical Constants of K. Lauch. 1733 

.. Surfaces, Optical Behaviour of. II. Schulz and II. Hanemann . 1400 

Molecular Roughness of a Mercury Surface. R. Gan*. 2028 

Opaque Diffusively Reflecting Bodies. Temperature of. M. Pirani. 2284 

Optical Resonance Reflection and Diffusion. E. Fermi . 2230 

Parallel Plates. Reflection and Transmission by F. Benford . 1148 

Penetration of Waves and their Rays into a Gradually Varying Medium. 

J. A. Wilckcn ...... 2505 

Reflection from Moving Mirrors. F. Gu£ry. 2948 

Rontgen Rays, Reflection of. see section X-rays. 

Selective Reflection and Optical Dispersion. T. H. Havelock. 2034 

.. .. of Light. G. P. Woronkoff and G. J. Pokrowski. 1117 

Sodium-Potassium Alloys. Free Electron Characteristics of. C. V. Kent - 477 

Snfccre. Reflection of Light from. E. M. Berry . 239 

Thermal Equilibrium l>etwcen Light Waves and Sound Waves. E. Schriklinger 2099 
Refraction of Light. 

Air below Atmospheric Pressure. Refractive Index of. A. Zwetscli. 401 

For the Explanation of this Index tec p. 1154. 
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Abstract Nos. 

Refraction of Light, continued. 

Benzene and Cyclohexane. Refractive Indices of. J. W. Gifford and T. M. 

Lowry . 236 

Birefringence. Electromagnetic, of Active Bodies. R. de Mallemann .2717 

Butyro and Immersion Refractometers. J. W. Perry and C. C. Roberts _ 1125 

Calcitc and Aragonite. Refractive Indices of. W. L. Bragg. 1754 

Camphor and Carvonc, Electric Birefringence of. R. de Mallemann . 1124 

Celluloid, Double Refraction with. A. Ramspeck . 2715 

Cosmical Refraction. H. Kienle . 1107 

Courvoisier Effect and Einstein Effect. A. Kopff . 1400 

Diffraction at Edge of a Black Screen. Theory of. A. Rubinowicz. 2475 

Double Refraction. H. Chipart. 1161 

,, „ in Crystals. Dispersion of. C. Gaudefroy. 828 

„ „ in the Same Crystal, Variations of Dispersion of. C. 

Gaudefroy. 829 

,, Refraction, Electric and Magnetic, of Suspensions. S. Procopiu.1778 

„ ., , Magnetic, and Mesomorphic State. L. Royer. 1764 

Films. Thin Opaque Metallic. Production of. and their Optical Properties. 

P. Rother and K. Lauch . 1123 

Gases, Refraction in. see also separate section. 

. Specific Refraction of. below One Atmosphere. V. Pose j pal. 1118 

Glass, Measurement of Refractive Index of Large Discs of. J. Barot . 1757 

Gums. Refractive Index of, and Determining Refractive Indices. A. Mallock 1119 

Kerr Electro-optic Effect in Gases. G. Szivessy. 2719 

Lenses, Objectives, and Prisms, see section Lenses. 

Liquid Mixtures, Volume and Refractive Power of. L. Counson . 468 

Magnetic Double Refraction. Dispersion of. G. Szivessy. 488 

Measurements, see separate section. 

Metal Films, Opaque. Optical Constants of. K. Lauch. j “JJ 

„ Surfaces. Optical Behaviour of. H. Schulz and H. Hancmann. 14W 

Metallic Vapours, Determining Refractive Indices of. H. G. Smith.• • • • 60 

Optical Refraction in Gases in the Spectral Region between 6782-2442 A.U. 

B. Quarder. 2033 

Optically Active Substances. R. Cans.... • • • 

Penetration of Waves and their Rays into a gradually varying Medium. 

J. A. Wilcken. 2605 

Reflection of Plane Polarised Light by Etched Metals. O. Jones.. • 

Refracting Spherical Surface Cut by Perpendicular Axial Planes. M. Sundquist 
Refraction. Cosmical. H. Kienle.TI,g 

„ , Double, in Moving Liquids. E. Krueger. * 710 

„ , Mass, of Light and Molecules in the Light of the Atom Structure. 

K. Fajans and G. Joos. ••••.* . onin 

Refractive Index of Liquids by Means of a Microscope. C. C. Kiplingcr-• 

„ in an Electric Field. Isotropic Increase of. 

Pauthenicr .. ‘fjj 

„ Index of Water for Continuous Waves. G. C. Southworth.*141 

Refractivity and Atomic Sizes. J. E. Calthrop .. I4U 

„ and the Molecular Phase Hypothesis. I. E. C. C. Baly and 

R. A. Morton.*. f'fx 

produced by Ultra-Violet Light. Changes in. H. G. Smith. 

Refractometers, Range of Measurements with. G. Hacnzel. 170 

Rbntgen Rays. Refraction of. see section X-rays. 

Transparent Plates. Passage of Light through. A. Schuster . 

Wave Surface. Form of, after Refraction. A. Whitwcl!. 404 

• 

Relativity. 

Aberration of Light in Terms of the Theory of Relativity as illustrated on a 

Cone and a Pyramid. V. Karapetoff . 2928 

Affine Field Theory. Non-symmetrical. J. A. Schouten. 

Axiomatics of the Theory of Relativity. C. CaratWodory. J4JJ 4 

Cayleyan Distance and Theory of Relativity. A. H. S. Gillson. tjJ’J 

Clocks, Uniformity of Time and Testing of. H. Hermann. 

" Cosmologic Problem. Contributions to. ’ Einstein’s Remarks on. F. Selety . 
Cosmology. Stationary, in the Sense of Einstein's Gravitation Theory. K.f 

<1 Lanczos ../.2013 

For the Explanation of this Index see p. 1154. 
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Abstract Nos. 

Relativity, continued. 

Courvoisier Effect and Einstein Effect. A. Kopff . 1400 

Dynamical and Kinematical Velocity in Einstein Relativity. P. A. M. Dirac 2205 

Earth as Reference System for Light Rays. L. Silberstein. 2072 

Effective Function in Weyl's Physics. R. Weitzenbock . 21 

Einstein Data. C. Burali-Forti. 434 

Effects in Solar Spectrum. J. Everified. 433 

„ Theory. P. Drumaux . 76G 

Einsteinian Deviation of Luminous Rays by the Sun. K. Esclangon. 1083 

Einstein's Equations and Symmetric Potentials. A. Palatini . 427 

,, Relativity and Mercury’s Perihelion Anomaly. G. v. Glcich. 33 

.. Restricted Relativity Theory. Exposition of. F. Dacos. 2927 

„ Theory. Effects in. A. Bokowski . 435 

Ether Theory and Relativity Theory. Contradictions between. E. Gchrcke .. 708 

General Theory of Relativity and the Affine Field. A. Einstein. 222 

Generalised Relativistic Quantum Conditions. O. W. Richardson. 420 

Geometrical Representation of the Special Theory of Relativity. P. Gruner.. 1403 
Gravitation upon Light from the Standpoint of the Ether Theory. R. Hieckc 2444 

Gravitational Displacement of Fraunhofer Lines. C. E. St. John. 771 

Infinite Potential and Stellar Velocity Equal to that of Light. E. Selety. 34 

Lorcntz and Galilei Transformation. N. v. Raschevsky. 428 

Maxwell-Boltzmann Distribution Law in Relativity. E. Krctschmann. 1089 

Mechanism behind Relativity. W. Pcddie .... 221 

Michclson Experiment. N. v. Raschevsky ... ...... 

Michelson’s Experiment, Lorentz* Contraction and Relativity. K. Brylinski . 1398 

Optical Doublets and Triplets. Absolute Intervals of. A. Lande . 2503 

Physical Basis of Relativity. N. Spampinato. 2010 

Propagation of Light in Relativity Theory. \V. Gordon . 223 


Jteiaiivc morion in v lassicai aiccnamcs. r». ... «*»*»•' 

Relativistic Dynamics Treated by Hamilton-Jacobi Method. Central Orbits 

in. G. Temple. -070 

„ Motion of Rigid Solid. G. Lcmaltre . 2071 

Relativity. K. Bohhn. 2202 

„ . E. Persico. 429 

tmd Measurement of a Moving Rod by a Fixed Observer. A. Lampa 2920 

in Classical Physics. P. Stranco. 32 

ROntgen Doublets. Nature of. A. Lande. 2104 

„ Theories. General. Geometrical Introduction to. G. Darniois. 2009 

Theory and Velocities >c. L. StrQm. 707 

.. from the Mathematical-Physical Standpoint. Criticism of. 

G. v. Glcich . 2445 

.. Theory of the Universe, General Conditions of. Ldmeray. 2073 

Results of the American Einstein Expedition. J. Hopmann. 803 

Schott's Form of the Dynamics of Relativity. M. v. Lane . 1402 

de Sitter World. M. v. I.auc and N. Sen. 2011 

de Sitter's Space-Time. Curvature of. L. Silberstein. 1093 

Space and Time. E. Persico . 31 

„ -Time, Curvature Invariant of. H. Wcvl . 2070 

• ii . .. Radius of. L. Silberstein. 1094 

„ , Infinity of. and Theory of Relativity. F. Selety . 1098 

" Velocity " in Relativity Theory. Lemeray . 2012 

Weyl Theory. Effective Integral and Field Equations in. E. RcichenbAcher .. 1091 
Whitehead's Re-formulation of Data of Physical Science. G. W. de Tunzclman 1080 

Theory of Relativity. G. Temple. 1090 

Resonance. 

Ferro-rcsonance, Jumping Phenomena in. Y. Watanabe. 2345 

Group Elements. Fifth. Spectra and Critical Potentials of. A. Ii. Ruark, 

F. L. Mohlcr. P. D. Foote and R. L. Chenault. 2702 

Magnetite Crystal. Magnetostriction of. C. \V. Heaps ... 2347 

Resonance Curves observed in Potassium Vapour. R. C. Williamson . 2571 

Solution and Solubility. 

iEsculin Solutions, Fluorescence of. (Miss) M. B. Kearney . 2003 

Ammonium Chloride, Action of, on Zinc. C. Drucker. 084 

Aqueous Solutions. A. Kling and A. Lassicur . 339 

.... Origin of Osmotic Effect. C. Gillet . 340 

For the Explanation of this Index sco p. 1154. 
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W. H. J. Vernon.2617 

. 1026 


2176 

2358 


3078 


Solution and Solubility, continued. 

Atmospheric Corrosion Research Committee. 

Brass, De-Zincification of. R. B. Abrams .. 

Brownian Movements, see section Molecular Physics. 

Coagulation of Negatively Charged Suspensoids, Influence of Anions on. 

J. N. Mukherjce and S. G. Chaudhuri . 

Colloid Science and Technics. W. Ostwald. 

Solutions, Formation of. by Electrical Pulverisation in the High- 
frequency Alternating-Current Arc. E. O. Kraemer and T. Svedberg . 

Colloidal Iron. Size of Granules of. L. Tieri..'. 689 

Particles. Distribution of. E. F. Burton and J. E. Currie. 1956 

Sols. Protecting and Sensitising. E. K. Rideal .2612 

Solutions. M. Mason and W. Weaver . 1676 

. Elasticity of. A. Szcgvari. 2174 

.. . Specific Inductive Capacity of. J. Errera. 346 

, Viscometry of. W. Ostwald . 2606 

.. . Viscosity and Elasticity of. H. Freundlich and Emmy 

Schalck .'. 2173 

Suspensions, Distribution of Particles in. A. W. Porter and J. J. 
Hedges. 345 

Colloids and Precipitates, Electro-osmotic Experiments on the Reversal of the 

Electrical Charge of. * J. N. Mukherjce and B. C. Roy . 1970 

.. . Coagulation of. J. N. Mukhcrjee and S. K. Majumdar. 2175 

,. . Colours of. B. Ray . 2242 

.. , Mutual Precipitation of. R. Wintgen and H. Lowcnthal. 2172 

.. . New Method for taking, out of Suspension. 3081 

Conductivity, see separate sections. 

Corrosion of Aluminium Alloys. D. Basch and M. F. Sayre .. 

., of Iron in Water and in Neutral Salt Solutions. J. A. N. Friend .. 

.. of Stainless Steel and Iron, Resistance to. J. H. G. Monypenny .. 

of Steel in Contact with Copper. NV. G. Whitman and R. P. Russell 
.. of Zinc and Lead in Solutions of Inorganic Salts. J. N. Friend and 
S. Tidmus. 


J 


1606 

1025 

351 

1952 

2616 


Tests on Certain Nickel Alloys. F. Ormc ... 341 

-. -.Bancroft... .3076 


, Electrolytic Theory of. W. D 

., . in a Water Gas-holder. F. H. Rhodes and E. B. 

Johnson. 

.. . Metallic, Mechanism of. G. D. Bcngough and J. M. Stuart . 

.. , Paradox in. U. R. Evans . 

.. . Resistance of Nickel Chrome Steel to. R. Stumper . 10U 

.. , Submerged, of Steel, Effect of Hydrogen-Ion Concentration on. 

W. G. Whitman. R. P. Russell and V. J. Altieri. 2850 

Dilution Law for Uni-Univalent Salts. B. Szyszkowski..... tvoo 

Double Layer. Electrical. Conception and Properties of. and its Relation to 

Ionic Migration. J. W. McBain. 

" Dry Corrosion," So-called, of Metals, Mechanism of. U. R. Evans. 

Electrometric Study of the Hydrolysis of Salts. P. Job.28® 

Emulsification. Theory of P. Finklc. H. D. Draper and J. H. Hildebrand .... 1-jW 

Emulsions. Oriented Wedge Theory of. W. D. Harkins and E. B. Keith- 

Fluorescing Power. Decrease of. r. Perrin •••••• ... Zz 

Free Energy of Dilution and Activity of Ions of Hydrogen Iodide in Aqueous 

Solution. J. N. Pearce and A. R. Fortsch. 13ZJ 

Gclatinisation. Kinetics of. R. Reiger ....• • • ..y ** u 

Gels of Acrolein, Variation of Insulating Power of. according to the Degree of 

Condensation. C. Moureu. C. Dufraisse, L. Tampicr and Gailliot. 307/ 

Heat of Formation of Salts and Electronic Theory. R. Audubert.• • 2177 

Heterogeneous Equilibria. Studies in. J. A. V. Butler . 2626, 2626 

Helium and Hydrogen. Solubility of. in Heated Silica Glass and its Permeability. 

G. A. Williams and J. B. Ferguson .... • • 

Hydrogen dissolved in Platinum, Condition of. K. Bcnncwitz and P. GQnther 30/a 

Inter-Ionic Attraction Theory of Ionised Solutes. A. A. Noyes.. • • • 

„ .. .. .. . Part II. Testiitg th« '* 

Theory with Experimental Data. A. A. Noyes ... 

Iron, Electrolytic. Corrosion of. W. E. Hughes.'.- ...... 

Licsegang Rings. Effect of Light and Hydrogen-Ion Concentration on Forma¬ 
tion of Colloidal Gold. Bands of Purple of Cassius. E. C. H. Davies . 

For the Explanation of this Index see p. 1164. 
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Solution and Solubility, continued. 

Liquid Crystals, Soap Solutions and X-rays. J. \V. Me Bain . 2782 

Mechanical Theory of Solutions. C. Dicterici. 159 

Miscibility. Critical State of. X. Perrakis. 1950 

Organo-Gels of Cellulose Acetate. Elasticity of. E. W. J. Mardlcs. 343 

Osmotic Pressure. Membrane-Potential and the Flocculation of Colloids. Theory 

of. X. Bjerrum. 2853 

Passive Tin. R. Steinherz . 2355 

Passivity of Metals, Influence of Anions on. V. Rothmund. 2001) 

Polonium by Silver Chloride. Precipitation of. J. Esther-Desriviircs. 27114 

.. . Separation of. from a Sodium Hydrate Solution by Various Solids. 

J. Escher-Desrivieres . 2115 

Salts. Law of Solubility of. I*. Mondain-Monval. 1951 

Solid Solutions. W. Kosenhain . 2008 

.. , Photolumincscence of. M. Curie. 2005 

.. .. . Structure of. A. Westgren and C. Ill rag men. 1004 

.. .. . X-ray Analysis of. E. A. Owen and (i. I). Preston ... 1031 

Solubilities, Apparatus for Accurate Determination of. E. Cohen. YV. A. T. do 

Mcenter and A. L. T. Moesvcld. 3079 

Solubility Curves for the Decomposition of Double Salts. S. M. Levi. 1950 

., of Alloys. Tanimann's Limit in. C. Borehus . 2350 

.. of Salts. Effect of Strong Electrolytes on. O. Scharer . 2171 

Strong Electrolytes. Theory of Debye applied to Dilution and Partition 

Coefficients of. P. Cross and 6. Halpcrn. 3074 

Submerged Corrosion of Iron. \V. G. Whitman and K. P. Russell. 2015 

Superficial Solutions and the Gas Law. A. Marcelin. 2108 

,, ,. , Extension of Gas Law to. A. Marcelin . 2010 

Su)>ersaturation of Gases in Water and Certain Organic Liquids. J. Mctschl.. 2104 
Surface Activity of Solutions. Influence of Temperature and Concentration on. 

I*. Rehbinder ......... 3071 

Surface Tension of Colloidal Solutions and Dimensions of Certain Organic 

Molecules P I. «lii Noiiv . 2852 

Theory of Solutions. A. K. ("ore . 2107 

Turbid Media, Optical Properties of. Margurctc YVeiler . 2244 

Viscosity, see also separate Mil ion. 

Water Solutions of Hydrochloric Acid ami Ammonia at different Temperatures, 

Heat of Formation of. M. YVrewsky and X. Sawarit/kv . 3080 

Sound. 

\coustic Observation and Calvanoinctric Registration of Elenieiilury Rays and 

Single Ions. H. Grcinacher ... 2113 

., Prolies. Z. Carriere . 1340 

/Eolian Tones. E. G. Richardson. 1854 

Audiometer. Low. ililger. 1524 

Audition, Physical Characteristics of. and External Ear. R. I.. Wcgel . 1244 

Auditorium Acoustics. F. R. Watson . 3008 

Auditory Acuity. Tests of. C. C. Hunch . 1523 

Bents from Inaudible Sources. R. W. Boyle. S. C. Morgan and J. F. Lehmann 1857 

Bridge of Stringed Instruments, DynaniRalThcory of. K.C Kar. 294 

C-ochlea. Dynamical Theory of. R. L. Wegel and C. E. Lane. 1858 

Condenser Microphone to Depict Sounds. F. Trendelenburg. 2559 

Consonant Sounds. Nature and Artificial Production of. R. A. S. Paget .... 2817 

Deaf. Electrical Apparatus for. C. M. R. Balbi . 920 

Deafness, Nerve, and Tinnitus. J. P. Minton . 919 

Degradation of Acoustical Energy. M. D. Hart. 1243 

Depth-Sounding for Navigational Purposes. Acoustic Method of . 1000 

Ear. Sensitivity of. as Function of Pitch. F. W. Kranz. 680 

Elastic Impact of Pianoforte Hammer. S. Hhargava ami R. X. Ghosh . 2304 

Explosion at La Courtine on May 15. 1924. A. Dufour. 2300 

Explosions at La Courtine. II. Deslandres . 2301 

Fatiguing the Ear with Combinations of Two or More Tones. Effect of. Mollic 

Weinberg. 918 

Filter, Y'ariablc Acoustic Wave G. W. Stewart . 922 

Filter*. Acoustic Wave : Attenuation and Phase Factors. G. W. Stewart_ 1626 

„ , Wave. Predicted Transmission Curve* of. H. B. Peacock . 1520 

Gel*. Acoustical Properties of. Silica Gel. M. Prasad . 683 

For the Explanation of this Index sec p. 1164. 
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Abstract Nos. 

Sound, continued. 

Gramophone. Acoustic Problems of. H. L. Porter . 1620 

Hearing. Theory of. H. Hartridgc.3012 

.G. Wilkinson. 2303 

Hewlett Tone Generator, Amplitudes of. C. E. Lane . 298 

High-frequency Vibrations and Young's Modulus for Metal. K. J. Lang- 121 

Horns. Conical. Effect of. on Intensity of Sound. J. H. Cloud . 681 

Lissajous' Whistling Flame. E. G. Richardson . 293 

Location.Binaural, of Complex Sounds. R. V. L. Hartley and T. C. Fry -1245 

Loud-Speaker and Auditorium Acoustics. G. A. Sutherland . 1521 

.. -Speakers. Importance of Audible Spectrum-Measurements on. E. K. 

Sandcman . 1522 

Masking of Tones and the Inner Ear. R. L. Wegel and C. E. Lane. 1858 

Measurement of Sound Intensity. J. C. Karcher . 295 

,, of Sound. Physiological. A. Stcfanini . 1242 

Membrane. Resonating. Action of Sound-Waves on. E. Meyer. 914 

Phonetic Energy. Distribution of. Crandall and Mackenzie. 875 b 

Phonograph Horns. Wood Vanes in. W. R. Barss, J. A. Abbott and H. M. 

Chatto . 1246 

Pianoforte. Acoustics of. S. K. Datta. 921 

Pipes, Blown. Production of Tone in. P. Cermak. 1861 

Pitch of a Musical Tone. Physical Criterion for. H. Fletcher . 1860 

Powers. Acoustical, in Absolute Units. P. E. Sabine . 916 

Pressure, Acoustic. Telephonic Excitation of. C. Barus. 1866 

Pulsation of Tones and Aural Fatigue. Mollie Weinberg and F. Allen . 917 

.. . Critical Frequency of. F. Allen. 1855 

„ ,, ... ... Mollie Weinberg and F. Allen.... 916 

Quill Tubes, Spark-blown Closed, Vibration in. C. Barus . 1859 

.Vibration of Air in : Telephonic Exciter. C. Barus.. 582 

Radiation Pressure and Adiabatic Invariance. Dynamical Illustrations of. 

T. H. Havelock . 2005 

Recording Sound Waves. Simple Device for. C. J. Lapp . *«”» 

Sensitive Flames and Apparent Pressure. C. Barus .3011 

Singing Flame. Theory of. E. G. Richardson. !•* 

Sound Spectra. H. Fletcher. 1880 

Transition. L. Gazaud.3013 

,. Transmission. Rothrf. Lacoste. Bois. (Miss) Dainmann and (Mrs.) Htfe 3014 

,, Velocity and Height. W. J. Humphreys.*558 

Speech and Hearing. Physics of. R. L. Jones . 15*8 

and Music. Frequency Components of. K. W. Wagner.. *507 

Speed of Sound in N t O«- E. GrOneiscn and E. Goens ..... I* 3 

Speeds of Sound in Gases and Vapours and Ratios of Specific Heats. H. B. 

Dixon and G. Greenwood. 

String. Struck. Dclemer and Lamb Theories of. W. H. George ... 

.Helmholtz Theories of. W. H. George . 1527. 2560 

Thermal Equilibrium between Light Waves and Sound Waves. E. Schr&dinger 2069 

Tuning-Forks. C. C. Mason... .. 

.Electrically Maintained. D. W. Dye . 3009 

, , „ „ : Some Factors affecting Frequency. 

A. B. Wood .*J10 

.. -Forks. Large. Overtones of. S. H. Anderson. *97 

Velocity of Sound in Free Air. A. McAdie. 91* 

in Moist Air. W. R. Barss and J. E. Bastille. 913 

Vibration (Acoustic) Figures of Rolled Plates after Rccrystallisation. Alteration 

of. E. Schroder and G. Tammann . 2363 

Vibrations, see also section Elasticity. 

Vowel Sounds. Dynamical Study of. I. B. Crandall and C. F. Sacia. 2.»oo 

Zones of Silence. E. Esclangon .... 2302 


Specific Heat and Latent Heat. 

Air. Specific Heats of (0° to 200 5 and - 80 9 to 250°). M. Jakob . 669 

Aqueous Solutions of Hydrochloric Acid and Ammonia at Different Tempera¬ 
tures. Heat Capacity of. M. Wrewsky and A. Kaigorodoff . 2999 

Atomic Heat of Silver at High Temperatures. A. Magnus and A. Hodler ... 2807 

Carbon. Heat of Vaporisation of. de Forcrand ... 2540 

Chemical Constants of Diatomic Gases. J. R. Partington. I® 4 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Specific Heat and Latent Heat, continued. 

Corresponding Temperatures for Solid Bodies. A. Brodsky . 2994 

Energy conveyed by a Flowing Gas. S. Weber. 2547 

Heat given off by Radium Bromide. Small Variations of. J.H.lcBel . 2808 

,, of Vaporisation a Function of the Temperature. M. M. Green. 1513 

„ .. and the Pressure of Saturated Vapour at Very Low 

Temperatures. A. Brandt . 1224 

Heats of Solution. Calorimeter for the Electric Adiabatic Determination of. 

E. Cohen. A. L. T. Moesvcld and W. D. Hclderman. 2998 

of Vaporisation of Mercury and Cadmium. M. F. Fogler with W. H. 
Rodebush . 290 

Internal Heat of Vaporisation. Relations Concerning. J. E. Mills and P. K. 

Smith. 115 

Inversion Temperatures of Air. O. Knoblauch.*. 741 

Iron and Steel, Specific and Intent Heats of. A. Mallock . 2125 

Latent Heat of Nitric Oxide. H. Goldschmidt. 904 

.. .. of Sulphuric Acid. J. S. Thomas and A. G. Ramsay. 898 

.. Heats of Vaporisation of Liquids at High Pressures. (Water. Chloro¬ 
form. Benzene. Carbon Bisulphide. Carbon Tetrachloride. Ethyletl\er 

and Acetone.) W. H. McAdams and J. C. Morrell. 1840 

Lead Peroxide. Regulinc. Properties of. W. Palmacr ... 036 

Liquids of High Boiling-Points. Apparatus for Heat of Evaporation of. J. H. 

Awbery and K Griffiths . 2539 

Nickel. Thcrmomagnetic Phenomenon and Specific Heat of. P. Weiss and 

R. Forrer. 1934 

Paraffin Hydrocarbons. Properties of. R E Wilson and W. H. Bahlke _ 1508 

Radiation Theory and Specific Heats by K. Cs.isz.fr. E. SchrOdinger . 2544 

Reaction Heats at High Temperatures. Calorimeter for Measurement of. 

J. I) Davis. 2997 

Rotational Specific Heat and Half-Quantum Numbers. R. C. Tolman. 758 

Salt Solutions. True Specific Heats of. E. Cohen. W. I). Hclderman and 

A. I.. T. Moesvcld. 2995 

Saturation-Vapour Concentration of Liquids. Influence of Indifferent Gases on. 

F. Pollitxcr and E. Strebel. 2545 

Specific Heat and Heat of Mixture in Neighl>ourhood of the Critical State of 


tHncilfiiit) . a vimnn • • « • ....* ..• •••••••«•••• I » I D 

.. Heat C„ of (lues by the Differential Method. M Trautz and K. 

Hebbel. 2290 

.. Heat C*. Internal Energy U. and the Equation of State of a Body. 

W. Jazyna ... 2201 

Heat of Ferromagnetic Substances and the Critical Temperature., 


Kemble and j. II van Vleck. 292 

Heat. Rotational, and Entropy of Diatomic Gases. U. C. Tolman 

and R. M. Badger. 010 

.. Heats at Low Tcin|>eratiircv F. Lange. 2802 

.. .. of Certain Organic Liquids, Irregularities in. J. W. Williams 

and F. Daniels. 2801 

Heats of Magnesium. Calcium. Zinc. Aluminium and Silver at High 

Temperatures. E. I). Eastman. A. M. Williams and T. F. Young - 2120 

„ Heats of Nitrogen and of Oxygen. Ratio of. J. R. Partington and 

A. B. Howe. 1221 

„ Heats, at Constant Volume, of a Liquid and its Va|»our. A. Brandt .. 1220 

Steam. Specific Heat of. H. L. Callcndar. 2292 

Toinjicratiire, Effect of. on Properties of Metals. A. Mallock . 1835 

Theory of Specific Heats. E. LsAsz4r. 508 

Thermal Energy of Electrons in Metals. E. D. Eastman. A. M. Williams and 

T. F. Young... 2128 

Thermodynamical Properties of Water. Coordination of. A. Lartigue . 2813 

Trouton's Formula and van der Waals' Equation. A. Brandt . 1231 

.. Law of Intent Heat and Quantum Theory. Revised Form of. 

A Byk ...... 2803 

Vapour Tension Equation at Low Temperatures. V. Fischer. 2297 

Water-Vapour computed on Basis of its Specific Heat. <). Knoblauch. E. 

Raise >i and H. Hausen. 114 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Spectra, see also Molecular Physics. 

Absorption and Emission Spectra of Tungtsen. C. B. Crofutt . 2279 

.. Lines in a Rarefied Gas. Width of. J. Q. Stewart. 1404 

.. . Weak. Method for. W. Schfitz. 844 

.. of Lithium Vapour. A. L. Xarayan and D. Gunnayya . 2845 

.. Spectra and Molecular Phases. R. A. Morton and H. Barnes_ 509 

Spectra in Vapours and Molecule-Structure. V. Henri. 837 

.. .. of Mixed Metallic Vapours. S. Barratt. 1167 

.. ,, of Some Metallic Vapours (Copper. Silver, Gallium, Lead, 

Zinc. Bismuth. Antimony. Manganese). W. Grotrian . 848 

., SpcUra of Vanadium, Titanium and Scandium. H. Gieselcr and 

W. Grotrian . 2884 

.. Spectra. Infra-red. of Organic Bodies. J. Leconite. 2082 

„ . .. Compounds. J. Lecomte. 2081 

„ Spectrum of Bromine. P. Bovis . 2508 

Algol System, Spcctrographic Study of. D. B. McLaughlin . 2943 

Alkali Metals, Spectra of. H. Bartels. 1166 

,, Vapours, Mixed. Emission Spectra of. F. H. Newman. 2777 

Aluminium Ultra-Violet Spectrum. K. O. Hutchinson. 1463 

Ammonia Gas, Ultra-Violet Absorption Spectrum of. Ferric-res. 1172 

Antimony. Thallium. Lead and Bismuth. Ultra-Violet Spectra of. L. and E. 

Bloch. 1174 

Arc in vacuo Suitable for Spectra of Metals in Small Quantities. B. Perrettc 502 

.. Spectra of Metals in Various Media and in vacuo. S. Procopiu. 1793 

,. ,, , Width of Lines in. S. Procopiu .. 2976 

., , Persistent, in Vacuum. Striking Potential necessary to Produce. F. 

Simeon. 306 

Argon and Potassium. Ionised. Spectral Lines of. H. W. J. Dik and 

P. Zeeman ;. 852 

,, on Certain Spectra. Effect of. R. C. Johnson and W. H. B. Cameron 2968 
.. . Krypton, and Xenon, Spectra of. L. and E. Bloch and G. Dtfjardin.. 1471 

. .Ddjardin. 1796 

Atomic Radii and Spectral Terms. F. Hund . 1687 

Balmer Absorption Series of Hydrogen. E. O. Hulburt. 2089 

,. Lines. Doublet Separation of. G. M. Shrum. 1460 

Band Spectra. H. Deslandres. 2761 

.K Fortrat. 2077 

„ ,, and Isotope Effect. R. S. Mulliken. 1462 

., due to Molecular Interaction, Variations in. M. Toussaint- 506 

„ of Oxide and Chloride of Silicon, and of Chlorides of Carbon, 

, Boron and Aluminium. W. Jevons . 2764 

,, Spectra, Quantum Theory of. 2499 

,, „ , Theory of. A. Kratzer. 2600 

.. ...... P- Tartakowsky . 2078 

Benzene, Absorption Spectra of Solutions of. J. E. Purvis. .>18 

Beryllium Ultra-Violet Spectrum. R. A. Millikan and I. S. Bowen. 1466 

Bismuth. A. E. Ruark, F. L. Mohlcr. P. D. Foote, and R. L. Chenault. 849 

,, and Mercury. Isotopes of. revealed in the Satellites of their Spectral 

Lines. H. Kagaoka, Y. Suguira and T. Mishima. 1807 

. Antimony, Lead and Thallium, Ultra-Violet Spectra of. L. and E. 

Bloch .. 1174 

Bohr Theory applied to Na. Md and Al. R. A. Millikan and I. S. Bowen ... 1466 

Bohr’s Theory of Spectra. Numerical Applications of. D. R. Hartrce. 760 

Boron 111, Scries Spectra of. I. S. Bowen and R. A. Millikan . 2087 

Caesium Vapour, Ionisation of and Mobility of Electrons in the Bunsen Flame. 

B. T. Barnes. 2570 

.. ,'Spark Spectrum of. L. A. Sommer . 2969 

Calcium Atom, Excited, Astrophysical Determination of. E. A. Milne. 1726 

„ , Vacuum Spark Spectrum of. J. A. Anderson . 1472 

Canal Rays, Spectra of Hydrogen and Oxygen affected by. W. Wien. 606 

Carbon Arc Spectrum in the Extreme Ultra-Violet. F. Simeon . 619 

,. .. . Extreme Ultra-Violet Spectrum of. W. W. Shaver . 1797 

„ (CII), Ionised, Series Spectrum of. A. Fowler. 1473 

„ Monoxide, Infra-red Absorption Spectrum of. E. F. Lowry. 2088 

,, Ultra-Violet spectrum. R. O. Hutchinson. 1463 

Changes in Spectral Lines. C. F'ftchtbauer. G. Joos and O. Dinkelacker. 80 

. For the Explanation of this index see p. 1154. 
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Spectra (see also Molecular Physics), continued. 

(C + H) Hands, Terms of. A. Kratzer . 2086 

Ccltium, Arc Spectrum of. J. Bardet. 87 

Chemical Affinity and Infra-red Spectra. A. Balandin. 2746 

Chemiluminescence. A. Petrikaln. 1397 

Chlorine, Ultra-Violet Line Spectrum of. E. v. Angercr. 1798 

Chromium and Iron Vapours. Absorption Spectra of. H. Gieseler and 

\V. Crotrian. 1474 

. Arc Spectrum of. H. Gieseler. 1475 

* . Ultra-Violet Spectrum of. A. B. McLay . 1799 

Chromosphere of Resonance Lines, Height in. F. Croze. 1105 

Components of H«, Intensity Distribution of. E. Gehrcke, E. Lau. 2731 

Copper in Aluminium, Ultra-Violet Arc Spectrum of. X. Wache. 85 

. Band Spectrum of. R. Frerichs. 858 

. Relations in Band Spectra of. E. Bengtsson. 854 

Correspondence Considerations. \V. Lenz. 2502 

Critical Electron Energies in Hydrogen. F. Horton and Ann C. Davies. 318 

Crossed Michelson Gratings. Rita Brunetti . 830 

Crystal Analysis and X-ray. Rotating Crystal Method of. M. Poldnyi, 

E. Schiebohl and K. Weissenberg. 2110 

Cyanogen Band. 3883 A.. Origin of. E. Freundlich and E. Hocheim. 2775 

Didymium, Absorption Spectra of Salts of. J. E. Purvis. 524 

Diffraction Image of Two Close Luminous Lines of Finite Width. B. E. 

■ ' Mourashkinsky. 2234 

Dispersion, Law of. and Bohr’s Theory of Spectra. II. A. Kramers . 2074 

■ V t I 4 r* 4 f .. I.. 4t. . fit _ 1*. % t % \ I i % .11 ■ 


Einstein Shift of Spectral Lines, see also section Astronomy. 

Excitation Tensions of Neon and Argon and their Spectra of these Gases. 

G. Hertz . 001 

Excited Atoms, Chemical and Spectroscopic Properties of. and Reversible 

Effects of Electron Impacts in Gases. K. T. Compton. 507 

Fifth-Group Metals. Spectra of. A. E. Ruark. F. L. Molilcr. P. I>. Foote and 

,K. L. Chenault. 849 
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., Spectra of Phenol and Phenolic Ether Vapours. J. K. Marsh .. 1168 
,. „ . Part I. Benzenoid Hydrocarbon Vapours (Benzene, 
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lene. J. K. Marsh. 846 
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Gratings, Optical, Illustration of Theory of. A. L. McAulay . 1776 
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Group Elements, Fifth. Spectra and Critical Potentials of. A. E. Kuurk. 
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Halogen Halides, Absorption Spectra of. II. Bell. 1169 

Halogens flatmates. Absorption Spectra of. H. I. Schlcsinger and M. W. 

Tapley.. 1179 

Heat-Equilibrium in Radiation Field in Presence of Matter. S. N. Bose and 

A. Einstein . 2752 

Helium and Lithium Ultra-Violet Spectrum. R. A. Millikan and I. S. Bowen 1466 

.. Band-Spectrum, Combinations and Terms in. A. Kratzer. 86 
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Spectra (see also Molecular Physics), continued. 

Helium Spectrum. Intensities in. A. L. Hughes and P. Lowe ... 267 

, Intensity Relations in. C. B. Bazzom and J. T. Lay. 1788 

, Ionised. Hydrogen and X-rays. Fine Structure of. E. Lau .. 1478 

. Neutral, Quantum Numbers for. A. E. Ruark. P. D. Foote and 

F. L. Mohler.. •; • • • • .. j"79 

Neutral. Spectrum of. Part II. C. V. Raman and A. S. Ganesan. i.. 1477 

Hydrocarbon Band. New. R. Fortrat....... - • ■ -. 

Hydrochloric Acid. Absorption Bands of. VV. F. Colby... if'* 

Hydrogen at Low Temperatures. Line Spectrum of. L Citron ... . . •••••••• 11/1 

Balmer Series and the Impossibility of Further Corrections to the 

” Quantising of Hydrogcnic Atoms. A. E Ruark .. .ir™ 

„ Cyanide. Infra-red Absorption of. E. F. Barker ... 18 9^ 

in Vacuum Tube. Extending Balmer Senes of. R. Whiddmgton .. 90 

Secondary Spectrum and Continuous Spectrum. E. Gchrcke and ^ 

.. E L Spark Spectrum'.'Width of Unesin. (Miss) M. Hanot . • — Jjj 92 

Spectra excited by Electron Impacts. R. Seeliger and M. Wendt.. 207tf 

. Intensities in. A. L. Hughes and P. Lowe . 2«0 

Ultra-Violet Spectrum. R. A. Millikan and I. S. Bowen. 1466 

.. . Air. Water-Vapour. Arc-Light Spectra of. B. L Moore. <'22. 

. Band-Spectrum of. H. S. Allen. 

, Broadened Balmer Lines of. E. O. Hulbert . 

. Continuous Spectrum of. H. B. Lemon •••••••••• . 

Grouping of Lines of Secondary Spectrum of. K. Basu .• ** 

” | Influence of Crossed Electric and Magnetic Fields on Spectrum of. ^ 

: r^ d ar y LK U Tnd Gro P u^ oV.hc Elcmcais.'' F. hV Loring .009 

Indicators. Absorption Spectra of. W. R. Brode . ••••••••• • • • • 1 * • * *giyl I4 70 

Infra-red Absorption Spectra of Liquids and So ids. RcUUons in. J. W. Ohs. 

.. of Some Organic Liquids. J. W. Ellis . ** 
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Spectroscopy. Interference Bands in, due to Mica. C. F. Mcy g3 

and D. W. Bronk .. R43 

„ Spectrum of Long Wave-lengths. W. Weniger....... •••••••• ’ ll66 
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• Measurements of Spectral Lines. J. 1K. Robertson •••••••• . 504 

.. of Spectral Lines with Gas-Pressure. Variation of. L. Strum .. • • • • 

„ Relation of Multiple Lines. Measurement of. W. Gerlach and ^ 
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Scale for Spectra. J. A. Anderson. m * B ; . 860 
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Ionisation and Resonance Phenomena. C. B. Bazzom... 2 090 
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Spectra (see also Molecular Physics), continued. 

Iron Spectrum. Symmetrical Series in. A. Hagenbach and H. Schumacher .. 92 

„ , Regularities in Arc Spectrum of. F. M. Walters. Jr.91, 1430 

,, , Spectral Lines of. H. Nagaoka and V. Sugiura . ' 93 

Isotopes. Spectra of. H. Nagaoka and V. Sugiura .. 1795 

Ketones and Aldehydes. Absorption Spectra of. J. E. Purvis.503 

Krypton, Xenon and Argon, Spectra of. G. D*jardin .” ' ’ 1799 

_ •» . •• . • L. and E. Bloch and G. Deiardin .. 1471 

Lead. Bismuth. Antimony and Thallium. Ultra-Violet Spectra of. L. and 

E - Bloch . 1174 

, Mercury. Thallium, Magnesium.. Arc Light Spectra of. B. E. Moore 521 
Lithium and Helium Ultra-Violet Spectrum. R. A. Millikan and I. S. Bowen 1400 

„ Spectrum, Spark Line in. F. L. Mohlcr. H 75 

„ . New Spectra emitted by Neutral Atom of. M. Morand.! ]!! ] 2273 

„ . Spark Spectra of. E. v. Angerer . 099 

Luminescence of Nitrogen. Argon and other Condensed Gases at Very Low 

Temperatures. J. C. McLennan and G. M. Shrum. 2771 

Luminous Impact. Illumination during Recombination, and Excitation 

Function. R. Sccligcr. 1445 

Magnetic Field. Effect of. upon Electric Discharge. A. Pontremoli. !!!! 008 

Mass-Spectrograph, Recent Results obtained with. F. W. Aston. 2003 

Mercury and Bismuth. Isotopes of. revealed in the Satellites of their Spectral 

Lines. II. Nagaoka, V. Sugiura and T. Mishima. 1307 

„ -Arc Spectrum. Distribution of Energy in. G. Athanasiu . 2705 

.. Atoms. Estimation of Average Life of. L. A. Turner. I 449 

.. Band Spectrum. K. T. Compton and L. A. Turner. 2700 

„ lielow Ionisation Potential. Spectrum of. J. A. Eldridgc. 2272 

„ Radiation 5461 A, Analysis of Component of. Rita Brunctti . IIH2 

„ Vapour, Luminous. Selective Absorption by. E. P. Metcalfe and 

B. Vcnkatcsachar. 2091 

.. . Cadmium. Helium and Oxygen. Effect of Metallic Surfaces on Spectra 

of. L. Janicki and E. Lau. 94 

„ , Higher Spark-Spectra of. L. and E. Bloch . 851 

, Iodine Spectrum and Band Spectrum of. W. Gcrlach. 850 

. Series of Triplets in Arc Spectrum of. II. Huixson. 1800 

„ , Spectral Lines of. G. Hertz . 1457 

Molecular Spectra and Half-Quanta. E. F. Barker. 830 

Molybdenum Arc Spectrum. Scries in. C. C. Kicxx.27*> 

Multiple Lines. L. S. Ornstein and II. C. Burger. '*070 

Multiplcts of Higher Degree. Structure of A Land* and W. Heisenberg .’.’.' 2900 

•• . Theory of. and their Zeeman Effect. A. Sommerfeld . 1180 

Naphthalene-Vapour, Absorption Spectrum of. and Structure of the Naphtha¬ 
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"... -Vapour. Ultra-Violet Absorption Spectrum of. V. Henri and II. 

de L4szl6 . 2002 

Naphthol Derivatives. Ultra-Violet Absorption Spectra of. S. Komatsu, 

B. Masumoto and S. Kumamoto . 2970 

Neon Spectrum, Lyman Lines in. K. W. Meissner.1808 

„ .. . Structure of. A. Land*.... ‘ 97 

... Spectral Lines of. G. Hertz. I 457 

Nitrogen Band Spectrum. Alterations in. W. Stcubing and M. Toussaiut..’.' 1177 

•• • •• .. of- M. Dufheux. 2271 

. Mass of the Particles which Emit Various Band Spectra attributed 

•' to. M. Dufheux . H 7 (l 

" ° xygcn an<1 Fluorine Lines. Fine Structure of. in Extreme Ultra- 

Violet. I. S. Bowen and R. A. Millikan. 2772 

.. . Second Positive Band of. R. Mecke and P. Lindau .2274 

,. . Structure of Second Positive Group of. P. Undau . 2773 2965 

Organic Compounds. Emission Spectrum of. W. H. McVicker. J. K. Marsh 

and A. W. Stewart .j ... 2276 

Origin of Spectra. J. C. McLennan ... V, V. . ”204 

C^m. Application of. to Scries Grouping. W. M. Hicks*.-.. i2750 

Oxygen and Sulphur. Series Spectra in. J. J. Hopfi«Jd .. 525 

1 *1 .in the Magnetic Field. Modification of the Baud 3004 of. R. Fortrat 1790 

'-hi. . Origin of Certain Lines Attributed to. wTJevons. II 78 

„ . Scries Spectra of. in Region A900-A1400. J. J. Hopfield _ .... 1401 
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Spectra (see also Molecular Physics), continued. 

Phenol and Phenolic Ether Vapours. Fluorescence Spectra of. J. K. Marsh . 1108 

Phosphorus. Arc Spectrum of. M. O. Saltmarsh ... • • • • ... • • 2094 

Photoluminescence of Flames. E. L. Nichols and H. L. Howes ....... • 486, 1448 

Potassium and Argon. Ionised. Spectral Lines of. H. W. J. Dik and P. Zeeman. 862 
Vapour. Absorption of. A. L. Narayan and D. Gunnayya........ 1483 

. Ionised, and Argon. Spectra of. P. Zeeman and H. W. J Dik ... 95 

Precision Apparatus for X-ray Measurement. S. K. Allison and G. L. Clark 2112 
Quantum Numbers and Intensities of Multiple Lines. H. C. Burger and H. B. 

Dorgelo. 

Optics. G. Wentzel. •••••••• . 

Radiation of Iodine Bands. Processes during. O. Oldenberg .... 

“ Raics Ultimes " and Resonance Lines. Relations between. F. Croze. 

in the Arc. S. Procopiu. 

Rare Earths. Spectra of. J. M. Eder.. ••••••• • • ■ 

Elements, Application of Spectrographic Analysis to Examination oi. 

C. Porlezza and A. Donati... •••:*••• -;: * * LV::' *' 

Resonance Radiation Sodium. Polarisation of. in Magnetic l ields. is. 

Gaviola and P. Pringsheim ... 1791 

Reversed Spectrum and Spectrum-Analysis. A. Kirschmann. 

Rbntgen Rays, see section X-Rays. . rio 

Rydberg's Formula and Deviating Types of Series. G W entzel . • 

Schwarzschild Constant. Determination of. J. K. Robertson . 

Secondary Wave-length Standards. P. NN allerath.• • • • • * * * V * ‘ * ‘ ’ j 

Selective Absorption by Luminous Mercury Vapour. E. 1. Metcalfe and ^ 

B. Vcnkatcsachar . 2 °69 

Series-Spectra. G. Wentzel . ..^ . 276 

Involving more than One Electron. G. \Nentzel..• • •. 

Silicon Tetrafluoride. Fresh Regularities in Spectrum of. C. Porlezza . 2BI4 

. Arc Spectrum of. C. Porlezza ..... .•«;* ViJ.Ll-. 1809 

.. . Stellar Temperatures and Absorption Lines of C. H. Payne . , 4fl6 

Sodium Ultra-Violet Spectrum. R. A Millikan and I. S. Bowen .. • • ^ 

Solar Radiation*RtowurementTiiTVarious Spectral Regions. C. Dorno- K. W. ^ 

„ Radiations ?n the Remote Ultra-Violet. P. Lambert. G. D^jardin and ^ 

D. Chalonge .’ 534 

Spectrum. A. H. Compton . 

, see also section Astronomy. J467 

. 3883 Cyanogen Band in. R. T. Birge . 846 

, Ultra-Violet End of. R. .. 27 7g 

Solid Nitrogen. Luminous Spectra of. L. Vegard .‘ ’ 2 776 

Solidified Gases, Luminescence of. L Vegard . 2038 

Spark Apparatus. C. Leiss ............ ..’ .. 1472 

„ Circuits. Specification of. J A JAnderson ..• •• . g3 

„ Spectra in Chemical Analysis. C A. v. Welsbach . 506 

in Liquid Non-Metals. M. Cune. 937 

' Spectrum. Excitation of. E Rupp ..... .* j ] | 417 

.. of the Lighter Elements .... • • • •; ..! " !!! 1!. 2276 

- , Ar^'according Vo'Bohr’s Theory, Quantum Assignment for. F. S. ^ 

' v: E.Baxandali"! V. ....... • . • 

Spectral Intensities, Supplied Energy and Alterations .n D,flerent Med.a 

Relations between. .. 146 8 
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.Electrical Decomposition of. A. Carrelli. . . 

" . ** ' Excitation of. by Electronic Collision. I. G. Hertz-- 

.Repeated. Intensity of. H. B. Dorgelo....7 JJJJ 

• 1 ” ^ Caripc nf Divalent Elements. R. T. Birge .... 1 

Transmission. Measurements of. I. G. Priest. H. J. McNicholas and 
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Spectrometer. New Tri-Colour Munlg. F. Allen .... 

Sdectroscopic Apparatus, see section Apparatus. 
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Spectra (see also Molecular Physics), continued. 

Spectroscopic Illumination with End-on Vacuum Tubes. T. R. Merton and 

R. C. Johnson. 262 

Spectroscopy, Modem. Some Aspects of. F. A. Saunders . 1102 

Spectrum oi y Cassiopei*. to B . 2468 

,, of Metallic Spark in Water, Absorption Lines in. E. O. Hulburt .. 2517 

Standards for Short Wave-lengths. S. K. Mitra . 81 

Stark-Eflcct. see section Zeeman-Effect. 

Stellar Atmospheres. Ionisation in. Cecilia H. Payne . 2501 

.. Energy Spectra. Radiometer Measurements of. C. G. Abbot. 2944 

Spectra, see section Astronomy. 

Structure of the Kfi t Line of Sulphur. A. E. Lindh and O. Lundquist . 2109 

Sun’s Limb. Spectrum of. W. H. Julius and M. Minnaert . 511 

Terbium, Arc Spectrum of. and a New Element of the Terbium Group. 

J. M. Eder . 271 

Tertiary Line Spectra in X-rays. D. L. Webster. 2101 

Thallium. Antimony. Lead and Bismuth. Ultra-Violet Spectra of. L. and E. 

Bloch.1. 1174 

.. , Spectra of. F. L. Mohler and A. E. Ruark. 523 

,, , Spectra) Lines of. G. Hertz.. • 457 

Thermionic Discharge, Spectrum of. A. E. Ruark. F. L. Mohler. P. D. Foote 

and R. L. Chcnault.7. 8*9 

Thermoluminescence Spectra. C. S. Beals.•_. 1787 

Tin and Zinc Spark Spectra in the Schumann Region. L. and E. Bloch. 855 

Titanium, Ar^ Spectrum of. C. C. Kicss and H. K. Kiess. 2095 

.. , Furnace Spectrum of. in the Ultra-Violet A. S. King . 1484 

.. . Regularities in Arc Spectrum of. C. C. Kiess and Harriet K Kiess 270 

Ultra-Red Oscillations of Salts containing Sulphur. V. J. Sihvonen . 487 

Ultra-Violet Absorption Spectra. W. Gross . 1406 

Oxygen Emission Hands. R. C. Johnson . 2709 

.. Spectra. Extreme. R. A. Millikan and I S Bowen . 1400 

.. . Extreme. Arc and Spark Spectra in. R. O. Hutchinson . 1403 

. Spectrographic Methods for. J. Duclaux and P Jcantet . 1792 

Vanadium Lines in Multiplcts, Arrangement of. O. Lajmrte. 857 

.. Multiplcts and Zeeman Effect. W. F. Meggers. 2504 

.. . Regularities in Arc Spectrum of. W. F. Meggers. 850 

Wave-length from the Standard Arc. Standards of. W. F. Meggers, U. C. 

Kicss and K. Burns. 1803 

„ Standards in the Ultra-Violet. J. J. Ilopfield and S. W. Leif son .. 203 

Width of Spectral Lines. G. Breit . 274 

Yellow Helium Line 587GA. Fine Structure of. L. S. Ornstein and li t. 

Burger. 2610 

Xenon. Krypton and Argon. Spectra of. L. and E. Bloch and G. IKjardm .. 1471 

, ,. ... .. G. Dtjardin. 1790 

X-Ray Absorption Spectra of Potassium and Calcium A. E Lindh. 2107 

.. Investigations with Amalgams. C. v. Sunson . 2111 

.. L-Absorption Spectrum of Iodine. J. G. Tandherg . 2108 

.. Spectra. A. Dauvillicr. 2100 

.. „ . see section X-Rays. 

Zeeman-Effect, see separate section. 

Zinc and Tin Spark Spectra in the Schumann Region L. and E. Bloch. 855 

,, Spectrum and Vacuum Grating S|>ertrograph. R W. Wood . 527 

.. I'ltra-Violct Spectrum. R. O. Hutchinson. 1403 


Static and Atmospheric Electricity (see also sections Discharge 


and Radio-Activity). 

Adsorption Forces and their Electrical Nature. B. Iliiu. 2848 

Air and Hydrogen. Ionic Mobilities in. J. J. Nolan . 698 

.. in a Cellar, Registration of Conductivity of. W. Schlcnck . 590 

Analytical Treatment of the Problems of Electrostatics. K. Hillebrand .... 1250 
Atmosphere. Electrical Phenomena in, and the Protection of Buildings against 

Lightning. U. Iiordoni . 982n 

,. . Numbers of Ions in. S. Wiedenhofl . 2311 

„ . Relations lietween Magnetism ami State of. A. Nodon. 2022 

Atmoepluru Electricity. S. J. Mauchlv . 2131 

.. .. Data II. Markgraf . 2312 
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Static and Atmospheric Electricity (see also sections Discharge and 
Radio-Activity), continued. 

Atmospheric Electricity, Variation of Potential Gradient of. S. J. Mauchly .. 591 
Braking of Moving Charges by Passage over Conducting Bodies. W. P. 

Radt. 302 

Capacity Machines. F. Ollendorff. 126 

Electricity of Solid Dielectrics. H. F. Richards. 589 

.. „ . see also section Batteries, Primary. 

Contact P.D. between Metals Glowing in vacuo. R. Vieweg. 2310 

Coulomb’s Law from Maxwell’s Tensions, Derivation of. G. Siemens. 3022 

Discharge, Atmospheric, of Globular Form. G. F. Vandeperrc. 1864 

Electric Field of the Electrolytic Cell. A. A. Ahmed . 1630 

„ Figures. Elisabeth Kara-Michailova . 303 

Electrical Alternating Fields, Measurement of. N. Semenoff and A. Walther 687 
Electrification by Pulverisation of Aqueous Solutions. J. J. Nolan and 

H. V. Gill . 127 

Electrometer with Triodc Valve and Atmospheric Gradient. P. Lejay. 1921 

Electrostatic Fields of Gauzes and Diaphragms. A. Walther and Lydia Inge 924 

,. „ . Exploration of. N. Semenoff and A. Walther. 124 

Influence and Electromagnetic Machines. Analogy between. F. Ollendorff .. 1249 
„ Electrostatic Generator. Quantitative Theory of. A. W. Simon ... 2821 

Ions in Air, Effect of Vapours upon Mobility of. Maria B£laf . 316 

,. . Large, in Air. Experiments on. J. J. Nolan and J. Enright. 696 

.in Atmosphere. Potential Gradient and Number of. J. J. Nolan 1863 

., . Natural, in Air. Recombination of. A. D. Power . J32 

„ , Negative, in Air, Absolute Mobilities of. L. B. Loeb. 697 

Lines of Electric Force. G. L. Addcnbrooke on behalf of E. E. Brooks. 688 

Normal Atmospheric Electricity. Perturbations of. H. Markgraf. J214 

Potential Distribution between Parallel Plane Electrodes. T. C. Fry . 1649 

Specific Inductive Capacities of Ceramic Materials. A. Burmestcr --- .... 2338 

Stream Lines in the Two-Dimensional Motion of a Perfect Fluid, Electrical 

Method for Tracing. E. F. Rclf ... 2823 

Two-Dimensional Electrostatics. Problems of. D. M. Wrinch.3021 

Volta Effect. E. Pcrucca.. 

Surface Tension. 

Capillarity between Water and Vaseline Oil. R. Dubrisay and P. Picard .... 383 

Capillary Constant. I. I. Tichanowsky . '"'790 

Density and Surface Tension. Relation between. A. Ferguson . 

Determination of Surface Tension from Bubbles. S. Sugdcn. J33* 

Drops, Fall of. in Viscous Media, see section Viscosity. 

Films on Water. Mono-Molecular. Properties of. P. Woog ..... ' 

,. , Liquid. Structure and Disintegration of. W. Taylor. M. Brillouin .... IW* 
Gelatin Solutions. Surface Tension of. C. E. Davis. H. M. Salisbury and M. T. 

Harvey .. IS* 7 

Glasses. Soda-Lime-Silica, at High Temperatures. Viscosities and Surface Ten- 

sions of. E. VV. Washburn. G. R. Shelton and E. E. Libman ........ 2893 

Interfacial Tension Equilibria in Flotation. W. H. Coghill and C. O. Anderson 72/ 

Iron Sulphide. Surface Tension of. E. J. L. Holman ....... . 

Mercury. Superficial Tension and Voltaic Properties of. E. Pcrucca. 

Paraffin Wax and Water. Angle of Contact between. R. Ablett. 

Protective’Apparatus for’Alternating-Current Circuits. A. S. FitzGerald- 1179 b 

" Superficial Solutions,” Compression and Expansion of. A. Marcchn . 

Surface Molecules and Surface-Tension. Orientation of. S. Sugdcn . 239U 

Tension and Density. Relation between. D. B. Macleod.. iyu 

„ by Capillary Balance. Measurements of. P. Lenard, with 

R. V. Dallwitz-Wegner and E. Zachmann . 2413 

Tension in a Magnetic Field. Winifred L. Rolton and R. S. Troop .. 16->2 

” „ of a Small Quantity of Liquid. A. Ferguson.. *28 

of Collodial Solutions and Dimensions of Certain Organic Mole- 

" cults. P- L. du Nouy . 2862 

Tension, Density and Chemical Constitution. S. Sugden. 

Thermodynamical Properties of Water. Co-ordination of. A. Lartigue .2813 

Water and Organic Liquid. Surface Tension between. R. Dubrisay and P. ’ 

Picard . . . ...... 1340 
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Temperature. 

Heating Electrically in vacuo to a High Temperature. P. Lebeau and M. 

Picon. 2395 

High-Temperature Scales. Intercomparison of. W. E. Forsythe ..:. 1500 

Temperatures. Determination of. F. Henning. 2285 

Opaque Diffusively Reflecting Bodies. Temperature of. M. Pirani. 2284 

Pyrometers. Thermoelectric. C. Bacchini. 1574 

Temperature Measurements by Thermoelectric Junctions. J. Wiirschmidt .. 2800 

.. Scale in Theory and Practice. F. Henning. 2993 

.. .. , Platinum. F. Henning and VV. House. 1838 

.. Scales, see also section Thermometry. 

.. .Critical, in Condensation of Metal-Vapours. J. Chariton and 
N. Semenoff . 2650 

Temperatures, High and Low. 

Air. Liquefaction and Rectification of. L. D. Goldsmith. 2814 

Dewar Flasks. J. C. McLennan and G. M. Shrum. 1842 

Dilatomctcr. Double-Mirror, for Low-Temperature Work. G. Borelius and 

C. H. Johansson. 2797 

High Temperatures. Chemistry of. H. v. Wartenberg . 3001 

Liquefaction of Hydrogen. W. Meissner. 570 

„ .. and Helium. J. C. McLennan and G. M. Shrum .. 1842 

Measurements, see separate section. 

Oxides. Metals, and Carbides at High Temperatures. O. Ruff . 3002 

Zirconium. Melting Point of. H. S. Cooper. 1037 

Terrestrial Magnetism and Electricity. 

Air-F.arth Currents and Others. F. Sanford . 1253 

Atmospheric*Electric Currents and their Relation to the Growth of Plants. 

V. H. Blackman. 3028 

Electric Observations during Total Solar Eclipse. H. F. John¬ 
ston . 1833 

Electricity, see section Static Electricity. 

„ Ionisation. A. Gockel .•. 1252 

Atmospherics and Meteorological Conditions. R. Bureau and A. Viaut . 3030 

.. Phenomena, Relations between. R. Bureau 3029 

Aurorae. Sunspots, and Magnetic Variations during 1921. W. E. W. 

Jackson. 778 

Austria in 1918. Magnetic Survey of. A. Schedler. 1302 

Austrian Magnetic Survey in the Balkans. A. Scliedler. 1301 

Characterisation of Terrestrial Magnetism. S. Ono. 1983 

Earth-Current Measurement at Watheroo Observatory. O. H. Gish. 784 

Potential Gradients at Ebro. S. Chapman and T. T. Whitehead . 1632 

Earth’s Daily Magnetic Activity. Measure of. L. A. Bauer. C. Clirce . 1003 

„ Field. Determining Intensity of. from a Moving Support. H. R. 

Grummann. 1924 

., Magnetic Field, Origin of. II. A. Wilson. 070 

.. Magnetism. Criterion for Anomalies in. P. Lasareff . 1300 

Gravity Anomaly. Koursk, Central Russia. P. I^asarefl. 3002 

Horizontal Intensity. Diurnal Fluctuation of. I Bartels. 1292 

Ionisation of the Atmosphere by Electrons. W. F. G. Swann. 1261 

Magnetic and Gravity Anomalies at Koursk. Russia. P. Lasarefl. 782 

.. Anomaly at Koursk. P. Lasarefl. 2103 

.. Character of the Year 1922. G. van Dijk. 009 

.. Declination in Siberia for Different Epochs. B. Wcinlx-rg . 3000 

.. .. , Kew. C. Chrec . 1001 

Disturbance. 1924 A. L. Cortie. 2096 

.. Disturbances, Local. Study of. B. Weinberg. 3004 

East-West Paths around the Earth. Results from. W. J. Peters ... 1002 
.. Instruments and Methods of Absolute Magnetic Measurements. 

Comparisons of. 1000 

.. Observations during Solar Eclipse. J. P. Ault . 2102 

• .. .. .. .. . 1923. D. L. Hazard . 2090 

.. Phenomena in the Antarctic. C. Chree. 071 

„ Results. 1022-1923. Agincourt and Meanook. W. E. W. Jackson... 2094 

„ Surveys. 1922, Status of.. 999 

Magnetism and State of the Atmosphere. Relations between. A. Nodon .... 2022 
For the Explanation of this Index see p. 1164. 
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Terrestrial Magnetism and Electricity, continued. 

Magnetism during Solar Eclipse. 1923. J. P. Ault. 3003 

Meteorology, see separate section. 

Potential Gradient and Atmospheric Pollution. C. Chree and R. E. Watson . 1631 

Siberia. Distribution of Terrestrial Magnetism in. B. Weinberg. 1586 

Solar Activity and Atmospheric Electricity. L. A. Bauer. 1534 

Terrestrial Electric Field. C. Maurain, E. Salles and G. Gibault .3027 

.. Electromagnetic Variations. L. A. Bauer . 1586 

.. Magnetic Disturbance. Twenty-Seven-Day Period (Interval) in. 

A. L. Cortie . 3005 

.. Magnetism and those of Gravity. Anomalies of. P. Lasareff. 3061 

.. . Annual Report of Director of Department of. 1937 


Terrestrial Physics. 


Atomic Species and their Abundance on the Earth. F. W. Aston. 1948 

Crustal Movements and Temperature. H. H. Poole . 226 

Earth Currents, see section Terrestrial Magnetism and Electricity. 

.. Density. H. S. Washington. 1096 

.. .. . Distribution of. H. Jeffreys. 2025 

.. Movement. Causes of. J. Joly. 46 

Shrinkage and Diminishing Rotation. R. Stoneley. 2026 

.. . Density Distribution in. E. D. Williamson and L. H. Adams . 1097 

.. , Thermal State of. A. P. Socolow. 2693 

Earthquake Main Waves. K. Suda . 14 

of March 15. 1923. G. Agamennone . 1713 2216 

.. Periodicity. H. H. Turner. 2027 

Earth's Interior. Elastic Constants of. B. Gutenberg. 47 

., Surface. Heat Escape from. J. R. Cotter. 2939 

Gradient Curves of Rivers. Physical Conception of. F. M. Exner . 227 

Longitude of Innsbruck Observatory. Determination of. with Aid of Wireless 

Signals from Nauen. A. Schcllcr. 786 

Magnetic Method of Geological Exploration. W. O. Hotchkiss. 2462 

Ocean Depths, Measurement of. by Acoustical Methods. H. C. Hayes. 1987 

Radiation. Penetrating. V'. Oberguggenberger. 171J 

• (Terrestrial). Henry. 779 

Radiations, Earth s Penetrating, Measurements of. W. Kolhbrstcr. 1098 

Rocks. Thermal Conductivity and Compressibility of. P. W. Bridgman. 1003 

Sea, Colour of. R. Cans.2710 

Seismic Surface Waves and the Structure of the Uppermost Earth Strata. 

B. Gutenberg. 2938 

Tremors. Harmonic law of Propagation of. G. Grablovitz. 1712 

Waves, and Visco-Elasticity. Nina M. Hosali . 61 

Seismograms. S. K. Bancrji . 49 

Seismophysics and the Interior of the Earth. R. Yamamoto. 2453 

Shore Waves. H. Jeffreys . 2937 

Specific Gravity of the Surface Water in the Indian Ocean. Influence of 

Barometric Pressure on. R. B. S. Sewell. 780 

Tide Levels, Electrical Registration of. J. de G. Hunter. 1996 

,, Predictor, German. H. Rauschclbach .. 2930 

Tides and Ocean Currents. G. T. Rude.. 1714 

„ , Mediterranean. R. Stemeck. 1716 

Victoria and Albert Lake Levels. C. E. P. Brooks . 46 


Thermionic and Electronic (Thermal) Emission (see also section 
Discharge). 

Deflection of Stream of Electrons by Electromagnetic Radiation. E. O. Hulburt 309 

Electron Emission and the Gas Charge of the Metal. R. Suhrmann . 941 

excited by a-Rays. A. Becker.. 3046 

from Hot Bodies. S. C. Roy. 1879 

from Metals. S. Dushman... 1878 

• H .... O. W. Richardson ... 1869 

.. .. » as Function of Temperature. S. Dushman... 310 

, from Plates Bombarded by Positive Ions. E. Badareu_ 1876 

• ,i from Thonated Filaments. I. Langmuir. 013 

, Asymmetry of. under Influence of X-rays. W. Seitz_ 1188 

.. / .Theory of. S. Dushman....2314 

For the Explanation of this Index see p. 1164. 
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Abstract No*. 

Thermionic and Electronic (Thermal) Emission (see also section 
Discharge), continued. 

Electrons Emitted by Hot Platinum in Hydrogen. Velocities of. H. H. Potter 315 
.. . Emission of. under Influence of Chemical Action. M. Brothcrton . 1S70 

Emission from an Incandescent Platinum Wire in Air. A. M. Tyndall and 

G. C. Grindley . 1880 

of Electrons from Metals in High Fields. G. Hoffmann ... .’ll 2 

Energy of Electrons emitted from a Hot Tungsten Filament. J. F. Congdon.. 1255 
,. of Liberation of Electrons, and Kathode-fall in Glow Discharge. A. 

GOnther-Schulze . 2313 

Equilibrium Theory of Electrical Conduction. A. T. Waterman. 022 

Glow Electronic Emission at Transition and Melting-Points. A. Goetz. 005 

Ions. Positive, from Hot Tungsten. Emission of. W. A. Jenkins. 2130 

Resonance Curves observed in Potassium Vapour. R. C. Williamson . 2571 

Spectra with Thermionic Discharge in Carbon Monoxide. F. Baldet. 1877 

Temperature. Variation of. and Electronic Emission from a Tungsten Fila¬ 
ment made Incandescent by Alternating Current M. Paris . 3042 

Theory of Positive Ions and Electrons emitted by Glowing Metals. M. v. Lauc 1260 
Thermionic and Photoelectric Properties of the Electro-Positive Metals. 

A. F. A. Young . 927 

.. Current in Hydrogen at Low Pressure. Variations of. M. I.aportc 932 

.. .. when potassium on the Grid is illuminated. J. M. Hyatt 1545 

.. Emission. A. Pontremoli. 012 

.. from Systems with Multiple Thresholds. O. W. Richardson 3041 

Thermionics. Theory of. H. A. Wilson . 2316 

Thermions from Alkaline Earths. Velocity of. M. ROssigcr. 920 

Thermodynamics of Electron Emission. O. W. Richardson. 1644 

.. of Thermionic Emission. C. Davisson. 12611 

Thermodynamics (see also section Gases). 

Adiabatics. Construction ol. for Large Temperature Changes and Variations 

of C, : C*. F. Magyar . 2990 

Association. Evidence of. in Carbon Dioxide from the Joule-Thomson Effect. 

P. C. Keyes . 2809 

Chemical Equilibrium, see also separate section. 

Clausius-Clapeyron Equation, Nernst's Derivation ol. R Lorenz . 2561 

Cohesion Pressure. A. Brandt. 1230 

Corresponding States. Herthelot on van dcr Waab‘ Law of. Rochet. 1518 

,, Temperatures for Solid Bodies. A. Brodsky. 2904 

Curves of State between Arbitrary Boundary Curves with Applications to 

Water. Carlion Dioxide and Air, Changes of. V. Fischer. 1848 

Dissociation under a Temperature Gradient. P. A. M Dirac . 2024 

Electron Emission. Theory of. S. Dushman. 2314 

Energy Conveyed by a Flowing Gas. S. Weber. 2647 

., of Liberation of Electrons, and Kathode-Fall in Glow Discharge. 

A. GOnther-Schulzc. 2313 

Entropy in a Monatomic Perfect (ias. E. Fermi. 1617 

.. of Diatomic Gases and Rotational Specific Heat. R. C. Tolman and 

R. M Badger . 910 

.. of Real Gases. Absolute Value of. V. Niegovan. 2299 

.. . Absolute, and Chemical Constants of Polyphase Gases. J. K. Syrkin 2564 

.. . Is the Notion of. Particularly Abstract > L. Dfcombe . 1241 

Equation of State for Pure Nitrogen. Gas Phase. L. B. Smith and R. S. Taylor 117 

.. .. of a Gas. J. E. Jones. 2298 

.. .. , Differential Form of. V. Fischer . 116 

.. .. . Proposed Empirical, for Fluids. S. Lees . 1234 

Equations of Movement of a (ias. Y. Rocard . 2296 

blow of Compressible Fluids. treated dimensionally. W. N. Bond. 3006 

Gas Degeneration (Gasentartung) and the Zero-Point Energy. Theory of. 

K. Bcnncwitz . 2806 

lleat-Equilibrium in Radiation Field in I Presence of Matter. S. N. Bose. A. 

.in r o 


-Equilibrium of Gas in a Gravitational Field. P. Ehrenfest . 120 

Internal Pressure and Molecular Sphere of Action. W. Herz . 217 

Joulc-Thomson Effect in CO f . E. S. Burnett. 1614 

Mercury. Equation of State and Compressibility of. K. K. Jarvinen . 1860 

For the Explanation of this Index see p. 1164. 










































1234 


SUBJECT INDEX. 


Thermodynamics (see also section Gases), continued. 

Molecules in a Fluid. Mean Distance between. C. V. Raman . 1997 

Ncrnst Heat Theorem. W. H. van de S. Bakhuyzcn . 2640 

Perpetual Motion. Cases of. R. v. Daliwitz-Wegner. . 906 

Phase Boundary Potentials. Thermodynamic. Theory of. E. Abel. 2630 

Quanta, the Kinetic Theory of Gases, and the Principle of Fermat. L. de 

Broglie . 576 

(Juantic States, Probability of. E. Fermi. 2129 

Quantum States. Probability of. E. Fermi. 2663 

.. Theory of Monatomic Perfect Gases. G. Schay . 2666 

•• .. of Vapour Pressure and of Dissociation. D. Enskog..;_ 674 

Reciprocal Theorem. Physical Foundation of. VV. Jazyna. 3005 

Second Law of Thermodynamics. Limitation of. J. W. Fisher. 1862 

_ •• “ .. .... E. E. Witmer . 909 

Solids, Internal Pressures of. T. W. Richards . 2646 

Specific Heat C v . the Internal Energy U. and the Equation of State of a Body. 

W. Jazyna . 2291 

Statistical Entropy and Molecular Number. L. Nordheim.2811 

Superficial Solutions. Extension of Gas Law to. A. Marcelin .2610 

Thermal Energy of Electrons in Metals. E. D. Eastman. A. M. Williams and 

T. F. Young. 2128 

.. Transpiration. Thermodynamics of. and of the Thomson Effect. 

E. H. Kcnnard. 1861 

Thcrmionics, Theory of. H. A. Wilson . 2316 

Thermodynamic Phase Boundary Potentials. Theory of. E. Abel. 3007 

,, Surface for Water. A. Brandt. 1235 

Third Law of Thermodynamics, Statement of. E. D. Eastman . 1240 

Vapour Tension Equation at Low Temperatures. V. Fischer. 2297 

Vector Representation in Thermodynamics. A. Lartigue. 2552 

van der Waals’ Equation and Trouton's Formula. A. Brandt. 1231 

.. .. Corrected for the Quasi-Contraction of the Molecules 

from the Isothermals for Hydrogen. Verification of. E. A. Holm. 1229 

.. Law of Corresponding States. D. Bcrthclot .. 1232 

.. .. .. .. . L. Bochet. 1233 

.. Vapour-Pressure Equation, and Molecular Diameters. S. P. 

Owen . 1230 


Thcrmo-Electrlclty and Thermo-Magnetism. 

Alkali Metals, Electrical Resistance and Thermoelectric Power of. C. C. Bidwell 1909 

Benedicks’ Thermoelectric Effect in Vacuum. E. Rumpf. 638 

Bismuth Alloys. Thermoelectric Properties of. C. R. Darling and R. H. Rinaldi 2591 
Change of Thermoelectric Force of Iron. Nickel, and Cobalt with Time, after 

Drawing and Magnetisation. J. Thiele . 664 

Contact P.D. between Metals Glowing in Vacuo. R. Vicwcg.2310 

,, Potentials. Metal, and Peltier Effect. Relation between. J. A. V. Butler 3063 

Equilibrium Theory of Electrical Conduction. A. T. Waterman. 622 

Films. Sputtered, of Gold. Platinum and Palladium. Thermoelectric Properties 

of. R. M. Holmes ... 633 

Hall Effect and Thermoelectric Power. P. Racthjcn . 1666 

Iron, Dependence of Thermoelectric Force of. on its Structure. W. Heracus.. 1910 

,. , Thermoelectric Force of. G. Borelius. 2693 

Measurements, see separate section. 

Molybdenite, Thermoelectric and Actinoelectric Properties of. W. W. Coblentz 2692 

Nickel Alloys. Thermoelectric Investigation of. W. Rohn. 2838 

Oxygen. Hydrogen and Helium. Magnetic Susceptibility of. A. P. Wills and 

L. G. Hector..... 1936 

Platinum and Platinum-Rhodium Alloy for Thermocouples, Preparation of. 

R. P. Neville . 1911 

Tension. Effect of. on Change of Resistance and Thermoelectromotive Force by 

Transverse Magnetisation. A. W. Smith. 321 

Thermocouples. Contamination of. O. A. Hougen and B. L. Miller. 326 

Thermoelectric Effect with Change of Section. L. Pechinger . 637 

„ Effects in Homogeneous Conductors. A. N. Shaw. 1668 

Thermomagnetic Phenomenon. P. Weiss and R. Forrer. 1936 

.. .. and the Specific Heat of Nickel. P. Weiss and 

R. Forrer. 1934 

For the Explanation of this Index see p. 1164. 
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Abstract Nos. 

Thermo-Electricity and Thermo-Magnetism, continued. 

Thomson Effect. M. D. O'Day. 1837 

and Thermal Transpiration. Thermodynamics of. E. H. 
Kennard . 1851 

Thermometry, Pyrometry and Calorimetry. 

Apparatus, see separate section. 

Calorimetric .Method of Surveying the Behaviour of Steam. N. S. Osborne .. 893 

Colour Temperature Measurement. O. Rccb . 889 

Fluids. Saturated. Calorimetry of. X. S. Osborne. 1830 

Heat-lToduction by Thermopile and Galvanometer. Measurement of Small 

Rates of. W. Hartree. 2541 

Mechanical Stirrer. Chemical Method for testing Efficiency of. W. A. Roth .. 2400 

Micro-Calorimeter, Measurement of Small Sources of Heat by. A. Tian. 1507 

Pyrometer of the Disappearing Filament Type. F. H. Schofield and I). C. ('.all 2123 
.. , Optical, Diffraction Effects in. C. O. Fairchild and W. H. Hoover .. Ill 

Pyrometry Radiation. H. Schmidt . 1840 

Thermocouples. Contamination of. O. A. Hougcn and B. L. Miller. 325 

Thermometer Calibration. E. Schottl&nder . 888 

Thermometers. Leaky Calorimetric Resistance, Repair of. J. D. Davis and 

H. M. Cooper . 2542 

Thermostat Regulator. E. Schreiner. J. Holtsmark and B. Trumpv. 2408 

Thread Recorder. Uses of. J. L. Haughton and \V. T. Griffiths. 1922 

Vapour Pressure. 

Cadmium, Vapour Pressure of. and its Alloys with Zinc. A. C. Egcrton and 

F. V. Raleigh. 903 

Caesium and Rubidium. Vapour I*ressures of. and their Chemical Constants. 

D. H. Scott. 002 

Carbon. Solid, Vapour Tension of J. J. van l.aar . 2548 

Evaporation of Liquids. T. B. Hinc . 2293 

Graphical Vapour Pressure and Specific Gravity Tables. H. G. Denting--- 2398 

Halogen Hydrides. Vapour Pressures and Crystal Structure of F A Hcnglcin 201 
Lithium Chloride Solutions at 20 C.. Vapour Pressures of. B. F. Lovelace. 

W. H Bahlke and J. C. W. Eraser . 1222 

Monatomic Elements, Vapour Pressure of. R. W. Miller. 1223 

Nitric Oxide. Vapour IVcssure of. H. Goldschmidt. 904 

Paraffin Hydrocarbons, Properties of. R. E. Wilson and W II. Bahlke .... 1508 

Partial Pressures of Sulphuric Acid. J. S. Thomas and A. G. Ramsay. 898 

Pressure of Saturated Vapour at Very Low Temperatures, and Heat of Vaporisa¬ 
tion. A. Brandt. 1224 

Quantum Theory of Vapour Pressure and of Dissociation. I). Hnskog. 574 

Saturation-Vapour Concentration of Liquids. Influence of Indifferent Gases on. 

F. POlUtzer and E. Strcbcl... 2545 

Sodium Chloride Solutions, Vajioiir Pressure and Density of. W. I(. Bousfield 

and C. Elspeth Bousfield . 572 

Sucrose Solutions. Va|»our Pressures of. E. P. Perman and H. L. Saunders . . 161 

Vapour Pressure and Vapour Composition in Binary Mixtures. W. K. Lewis 

and E. V. Murphrcc ... 1225 

., Pressures and Composition of Vapour of Aqueous Solutions of Hydro¬ 
chloric ami Hydrobromic Acids at Different Temperatures. M. Wrewsky. 

N. Sawaritzky and L. Scharlofl . 3003 

Viscosity. 

Coefficient of Viscosity of Helium and the Coefficients of Slip of Helium and 

Oxygen by the Constant Deflection Method. M. N. States . 191 

Colloidal Solutions. Viscomctry of. W. Ostwald . 2006 

Gases at Ix*w Temperatures. Viscosity of. P. Gunther. 2389 

Glasses, Soda-Lime-Silica, at High Temperatures, Viscosities and Surface 

Tensions of. E. W. Washburn. G. R. Shelton and E. E. Libinan. 2893 

Kinetic Theory of Viscosity. Conduction and Diffusion. S. Chapman and 

W. Hainsworth . 2810 

Liquid Mixtures showing Maxima. Viscosity of. D. B. Maclcod. 189 

Measurements, see separate section. 

Monovalent Salts of Higher Fatty Acids in Organic Solvents. Viscosities of. 

M. Prasad. 2892 

Motion of Oil Drops in Carbon Dioxide. Oxygen and Helium. J. M. Eglin .. 381 

For the Explanation of this Index see p. 1154. 
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_,. .. . Abstract Nos. 

Viscosity, continued. 

Oils at High Temperatures. Viscosity of. A. R. Fortsch and R. E. Wilson ... 2891 

Rubber (dissolved). Viscosity of. in Benzene. O. de Vries. 2651 

Say bolt Viscosity Measurements and their Control. P. E. Klopsteg and 

W. H. Stannard.... . . 181 

Steam. Viscosity of. H. Speyerer. 733 

Sulphuric Acid. Potassium and Sodium Hydroxides. Viscosities of Mixtures of. 

I. . J. Simon. 1655 

Temperature on Properties of Metals. Effect of. A. Mallock. 1835 

Viscometers. Capillary tube. G. Barr. 1342 

Viscosities of Liquids correlated to Pendulum Dampings. E. il. Barton and 

H. M. Browning. 1341 

Viscosity and Elasticity of Colloidal Solutions. H. Freundlich and Emmy 

Schalek. 2173 

and Fluorescence. F. Perrin. 2496 

.. of Liquid and its Coefficient of Expansion. I). B. Macleod. 188 

Viscous Flow of Plastic Material. B. Marzctti. 1367 

Water-Vapour. Viscous Properties of. C. J. Smith. 2890 

Vision. 

Accommodative Reflex of Eye. A. Polack. 58 

Brightness and Speed of Retinal Impression. P. W. Cobb. 60 

Colorimetry, see alio section Absorption (Light). 

Colour-Blindness, Investigating. R. A. Houstoun and W. H. Manson. 458 

Vision. F. Exner. 1126 

.. . Resonance Theory of. F. Aigner. 821 

Compton Effect. Spectrographic Investigation of. A. Dauvillier . 2759 

Depth. Perception of (Stereoscopic Visual Acuity). H. Kellner . 462 

Excitation of the Retina by Brief Illuminations. H. Pieron. 1421 

Faintest Visible. G. Jaeckel . 1127 

Fatigue in Different Regions of the Spectrum. E. Haas . 820 

Glare. Particularly by Headlights. G. Gehlhoff and H. Schering. 457 

Limiting Perception of Luminous Flashing Signals. Law of. A. Blondel and 

J. Key. 2476 

Mercury-Vapour Lamps. Physiological and Photographic Effects of. M. 

Leblanc and Broca . 11*2 

Microscopes. High-Power Transparent Illumination for. C. Beck. 2723 

Nervous System. Optics of. L. T. Troland. I 7 ®1 

Ocular Functions, Important. Effect of Composition of Light on. C. E. 

Ferree and G. Rand .2478 

Perception of Brief Illuminations. Law- of. A. Blondel and J. Rey . 1128 

Red-Blind Colour System. Determinations of Brightness in. F. Exner. 241 

Reflex Visual Sensations. F. Allen. 1 4, J 

.. . M. S. Hollenberg. 2720 

.. .. .. and Anomalous Trichromatism. W. A. Anderson .. 2721 

Sdf-Light of the Retina. Reflex Origin of. F. Allen. 1422 

Spectral Complcmentaries. Normal Colour Sense. R. H. Sinden. 1417 

Speed of Vision. P. W. Cobb. ,420 

Stereoscopic Vision. J. W. French. 469 

Twilight Sight with Telescopes. K. KrQger and J. Zenncck. 819 

Vertical Vision. Measurement of. A. Wigand and K. Gcnthe . 2213 

Visibility Curves. T. Otashiro. 

of Red Light. R. A. Houstoun and W. M. Heddle . 245 

.. , Measurement of. A. Wigand and K. Genthe. 2043 

Vision. F. Allen. I860 

and the Technique of Art. A. Ames. Jr.. C. A Proctor and B. Ames .. 1762 

Visual Acuity. Limits of. T. Y. Baker. 69 

„ Fatigue, Effect of Colour of Light on. O. Schneider. 2477 

.. Space. Theory of. K. Horovitz. 240 


X-Rays. 

Absorption Coefficient. P. Kirkpatrick. 640 

„ Coefficients of Rh and Mica for K Radiation. E. C. Unnewehr... 1192 
,, Measurements of the /?-Rays reflected from Calcite. Y. H. Woo 1817 

. ,, of X-Rays. K. A. Wing&rdh.. 641 

For the Explanation of this Index sec p. 1164. 


















































SUBJECT INDEX 


1237 


Abstract Nos. 

X-Rays, continued. 

Absorption of X-Rays by Iron. Cobalt. Nickel and Copper. F. K. Richtmycr 

and F. W. Warburton. 1187 

„ of X-Rays. Effect of Magnetic Field on. J. A. Becker. 339 

.. . X-Ray. Theory of. and X-Ray Spectrum. H. A. Kramers. 863 

Apparatus, see separate section. 

Application. Technical, of X-Rays, with especial Reference to Iron. K. A.Sterzel 1813 

Atom and X-Rays. O. Lodge. 1074 

fi- and d-Rays from Metallic Film. Emission of. and Relation to Quantum 

Theory of Scattering of X-Rays. L. Simons.. 298f> 

Bromine X-Radiation. Reflection of. by a Crystal of Potassium Bromide. 

S. K. Allison and W. Duane. 2745 

Carbon. Soft X-Rays from. P. I. Lukirsky. 1181 

Catalysis. Platinum. Action of X-Rays upon. R Schwarz and M Klingenfuss 1007 

Cellulose, X-Ray Spcctrographic Observations with. H. W. Goncll . 2788 

Change in Wave-length by Scattering. P. A. Ross . 282 

Characteristic X-Rays. Excitation of. from Aluminium. Iron. Nickel, Copper 

and Zinc. F. Horton. Ursula Andrewcs and Ann C. Davies. 871 

Compton Effect. M. de Broglie and A. Dauvillier. 2768 

.. .. . Spcctrographic Investigation of. A. Dauvillier . 2759 

Condenser Apparatus for Kontgcn Requirements. Theory of. M. Jona. 3023 

Consumption of Energy when Air is Ionised by X-Rays. L. Groin*. 2316 

Copper-Aluminium Alloys. X-Ray Studies of. E. R. Jettc. G. Phragmen and 

A. F. Wcstgrcn .•.. 2790 

Corpuscular Radiation excited by X-Rays. C. CL Barkla and (Miss) A. E. 

M. M. Dallas. 674 

Crystal Analysis by Diffraction of X-Rays. R A. Patterson . 2527 

.. Powder Analysis by X-Rays. J. Brentano. 546 

.. Structure by X-Rays. Analysis of. W. H. Bragg. 2907 

Diffraction Images. X-Ray of Slits. B. Walter . 2787 

.. of X-Rays in Liquids. Fluid Crystals and Amorphous Solids. 

C. V. Raman and K. R. Ramanathan . 1189 

., Patterns. X-Ray. for Benzene. E. I). Eastman. 1684 

Diffusion of X-Rays. M. and L. de Broglie . 1183 

,. and Bragg's Uw. F. Wolfers. 645 

.. .. . Change of Wave-length by. E. liauer . 864 

.. . Theory of. E. Bauer. P. Auger and I*'. Perrin . 865 

Disruptive Discharge. Influence of X-Rays on. G. Ilammcrshaimh. 281 

Doses, Kdntgen-Ray. Standardising of. II. Behnken . 861 

Dosimeter for Penetrating X-Rays. A. Dauvillier.. .... . 862 

Electron Emission. Asymmetry of. under Influence of X-Rays. W. Seitz ... 1188 

Filtration of X-Ray* P. I.amarque. 543 

Fine-Structure of Hydrogen. Ionised Helium and X-Rays K. Lau. 1478 

Fluorescence, Ultra-Violet, by X-Rays: Spcctrographic Study. J. <). Perrinc 637 
.. . X-Ray. and the Comparison of the Intensity of X-Rays. W. 

Kossel. 873 

Fluorescent Zinc Sulphate and X-Rays. A. Schleede and A. Gmhl. 872 

Fraunhofer Diffraction. Ouantum Theory of. P. S. Epstein and P. Ehrenfcst 1812 
Geiger Counter as a Sensitive Detector of X-Radiation. H. Bchnken. G. 

Jaeckcl and \V. Kutzner . 859 

Germanium, etc.. Secondary and Tertiary X-Rays from. G. L. Clark and 

W. Duane. 1819 

Goniometer. New X-Ray. K. Wcisscnbcrg. 1810 
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Liquid Crystals. Soap Solutions and X-Rays. J. W. McBain . 2782 

Low-velocity X-Ray Electrons. L. Simons . 101 

L-Seric-s Alisorption Spectra of the Elements La (67) to Ilf (72). D. Coster. 
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X-Rays, continued. .Abstract No,. 

Nature of the Rontgcn Impulse. E. H. Kennard . 279 

New X-Ray Secondary Radiation. W. Bothe . . g 8 

N-Series. Identification of Lines of. V. DolejSek.. 1190 

Optical Doublets and Triplets. Absolute Intervals of. A. Land£ _ ....... 2503 

Oscillographic Study of X-Rays from a Coolidge Tube. J. A. Crowther ..... 1485 
Photoelectric Ejection of an Electron from an Atom by X-Rays of Chance. 

G. E. M. Jauncey . 2791 

-Electrons Liberated by Rontgen Ravs. Directions of Emission of. 

YV. Bothe.2518 

Photographic Blackening-Law for X-Rays. E. Jonsson. 2099 

Polarisation of Secondary X-Rays. A. H. Compton and C. F. Hagenow. 1824 

.. of X-Rays and Wave-length. P. Kirkpatrick . 542 

Polarised X-Rays. Direction of Ejection of Photoelectrons by. F. W. Bubb 1825 

Protective Materials. X-Ray. Measurements upon. H. Franke . 1004 

Quantity of the X-Rays Excited in Hot Kathode and in Gas Tubes. H. Moore 1815 
Radiations. Production of. Intermediate between Ultra-Violet and X-Rays. 

G. Reboul and Bodin . 2755 

Radio-luminescence and Radio-photoluminescence. K. Przibram and 

Elizabeth Kara-Michailova . 867 

Radiometer, Clinical X-Ray Balance. L. H. Clark. 2841 

Recoil Electrons by Polarised X-Rays. Distribution of. G. E. M. Jauncey .. 2098 
Reflection by a Crystal of its Characteristic X-Radiation. G. L. Clark and 

W. Duane. 1492 

„ of the Characteristic X-Rays by a Crystal. B. Walter . 538 

., of X-Rays by Crystals, and Atomic Structure. D. R. Hartree .... 754 

.. .. from Fluorite Crystal. M. Yamada. 100 

in Lauc Photographs. R. W. G. Wyckofl. 544 

. Abnormal, of X-Rays by Crystals. G. L. Clark and YV. Duane. .. 866 
. Regular, of X-Rays from Aluminium Foil. Effect of Temperature 

on. E. H. Collins. 2520 

, Selective, of X-Rays by Crystals. YV. Kosscl. 2096 

.. . X-Ray. Optical Theory of. P. Kirkpatrick. 540 

Refraction of X-Rays in Pyrites. B. Davis and R. v. Nardroff. 1486 

Relativity ROntgen Doublets. Nature of. A. Landc .2104 

Resonance. Pure Optical, with X-Rays. G. Mic . 280 

ROntgcn L-Doublets. and Screening Constant. J. B. Green . 1494 

„ Light and its Application to the Determination of the Crystal Lattice. 

R. Schachcnmcicr . 414 

Scattered ROntgen Rays. YV. Friedrich and M. Bender. 1823 

X-Rays. P. A. Ross . 2784 

„ „ from Rock-salt. Intensity of. G. E. M. Jauncey and 
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,, X-Rays. Hardness Distribution of. F. Dessaucr and R. Herz. 2981 

„ .. , Recoil of Electrons from. A. H. Compton and J. C. 
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Scattering of Polarised X-Rays. Quantum Theory of. G. E. M. Jauncey. 1811 
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Confirmation. L. Meitner . 1490. 

„ of X- and y-Rays by Rings of Electrons. G. A. Schott. . .... 103•• 
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X-Rays, continued. 

Secondary X-Rays. J. A. Gray. ISIS 
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Crystal-Structure Analysis of. G. L. Clark. 1185 

X-Rays. Polarisation of. A. H. Compton and C. F. Hagenow- 1824 

. Wave-lengths of. G. L. Clark and W. Duane. 889 
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„ X-Rays. S. K. Allison and W. Duane. 2097 

.. .. . G. L. Clark. 1185 

Theory of Bohr. Kramers and Slater. Method of Testing experimentally. 

W. Bothe and H. Geiger . 2525 

Thorium M-Scries Lines. Critical Potentials of. P. A. Ross. 520 

Tungsten M-Serics. R. Thoracus . 2779 
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Wave-length of Scattered X-Rays. H. Kulcnkampfl.. 532 

.. of X-Rays. Direct IX'tcrmination of. L. Puccianti. 858 

Wave-lengths of X-Rays under Diffusion, and Bragg's Law. K. Friedcl and 

F.Wolfcrs. 1184 

X-Ray Absorption Spectra of Potassium and Calcium. A. E. Lindli. 2107 

„ Analysis of Coal. C. N. Kemp. 1005 

„ .. of Materials. F. Korbcr. 99 

.. of Solid Solutions. E. A. Owen and G. D. Preston. 1031 

„ .. of Zinc-Copper Alloys. E. A. Owen and G. D. Preston. 1032 
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„ and Radium Protection Committee Revised Report No. I. 1182 

,, Crystal Analysis in Metallurgy. E. C. Bain. 2528 
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.. of Metals. W. J. Wiltshire. 547 

I.-Absorption Spectrum of Iodine. J. G. Tandbcrg. 2108 

.. Phosphorescence. J. A. Bearden. 2788 

i, Production. J. A. Crowther. 18)4 

„ Spectra. A. Dauvillier. 2108 
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Spectroscopy. J. R. Katz. 2781 

,, Spectrum, Continuous Quantum Theory of. G. Wentzel . 2978 
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Zeeman-Effect and Radiation In an Electric or Magnetic Field. 
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.* Zeeman-Effect and Radiation in an Electric or Magnetic Field 

continued. 

e m by the Zeeman-Effect. Determination of. H. D. Babcock. 
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Hydrogen Atom in Intersecting Electric and Magnetic Fields. O. Klein _ 
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■larisation. 
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.. ... Inverse. R. Ladenburg. 
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